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(57) ABSTRACT

Embodiments for providing demodulation reference signals
to provide side information for interference cancellation are
generally described herein. In some embodiments, a sub-
frame is prepared comprising two slots and configuring a
physical resource block (PRB) for each slot, wherein each
PRB comprises twelve Orthogonal Frequency Division
Multiplexing (OFDM) subcarriers transmitting for a dura-
tion of 7 OFDM symbols per slot. In resource elements on
each of three of twelve OFDM subcarriers, two pairs of
demodulation reference signals (DMRS) are allocated to
form three DMRS sets. Symbols are mapped with a first
modulation for the two pairs of demodulation reference
signals to three of the twelve OFDM subcarriers for trans-
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mission. A second modulation is added to a first of the three
DMRS sets and a third modulation is added to a second of
the three DMRS sets to indicate side information regarding
an interfering signal for use in mitigating the interfering
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1
DEMODULATION REFERENCE SIGNALS
CONTAINING SIDE INFORMATION FOR
INTERFERENCE CANCELLATION

PRIORITY APPLICATION

This application is a continuation of U.S. application Ser.
No. 14/109,112, filed Dec. 17, 2013, which claims priority
to U.S. Provisional Application Ser. No. 61/843,826, filed
Jul. 8, 2013, all of which are incorporated herein by refer-
ence in their entirety.

BACKGROUND

Inter-cell, as well as intra-cell, co-channel interference
mitigation is one of the most critical tasks of the long term
evolution (LTE) user equipment (UE) receiver in order to
optimize downlink (DL) throughput and to minimize radio
link failures. When optimizing UE receiver performance or
when trading off performance against UE receiver power
consumption and/or UE cost, mitigation of co-channel inter-
ference will benefit from network assistance: this means that
the LTE network provides side information or coordination
or both in combination in order to simplify, enable, or
optimize interference cancelation (IC) or interference sup-
pression (IS) in the UE receiver. The network assistance
information is referred to as “IC/IS side information”, and an
assumption may be made that the (1) Modulation order and
(2) Precoder information (like codebook, #TX, #Mayers,
PMI) of an interfering signal is useful IC/IS side information
to provide to the UE receiver. For instance: with such IC/IS
side info, a maximum likelihood detector in the UE which
detects resource blocks and may be capable of also demodu-
lating the interfering signal which is falling in the allocated
resource blocks of the desired UE enabling an ideally
complete elimination of the UE allocation’s signal improv-
ing DL throughput of the interfering UE. Research results
for specific intra-cell co-channel interference from MU-
MIMO use case as well as for specific instances of the
Heterogeneous Network (Hetnet) use case exist. Thus, net-
work assistance to date has been exploited in specific use
cases and with rather low granularity needs. Also, the study
of the principle of providing network assistance and IC/IS
side information has recently been initiated.

With respect to the inter-cell and intra-cell co-channel
interference case in deployment scenarios and in particular
in the homogeneous macro network certain problems have
neither been considered nor solved to date. For example,
appropriate/efficient method(s) for signaling IC/IS side
information to the LTE UE for the general inter-cell co-
channel interference case have not been developed. In
particular, methods meeting the signaling requirements,
minimizing changes to the LTE standard and/or UE receiver
implementation, and optimizing network assistance have not
been addressed. Further, methods for addressing the mini-
mization of the amount of IC/IS side information has not
been developed. In particular, minimizing the amount of
resources required for providing network assistance infor-
mation has not been addressed, wherein gains from IC/IS
side information may be undermined.

The type of interference a UE experiences may vary from
PRB to PRB as well as from TTI to TTI. Furthermore, the
type of interference experienced by a UE depends on the
type of allocations that UEs in the neighbor cells received
from their serving eNB. RAS side information must exhibit
a time-frequency granularity of one PRB and one TTI
currently considered infeasible using existing methods.
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Network assistance to date has been exploited in specific
use cases and with rather low granularity needs. Also, the
principle of providing network assistance and IC/IS side info
has been proposed as 3GPP Study Item currently being
under consideration for LTE Rel-12 but related work has not
started yet. In particular no proposals are known that address
how to integrate such IC/IS side info into the LTE system in
a way that requires little additional implementation and
nicely fits into the standard.

Alternative solution to assisting the UE receiver consists
in pre-coding and coordination by the network. For example,
coordinated multipoint (COMP) transmission and reception
techniques utilize multiple transmit and receive antennas
from multiple antenna site locations, which may or may not
belong to the same physical cell, to enhance the received
signal quality as well as decrease the received spatial
interference. Multiple points coordinate with each other in
such a way that the transmission signals from/to other points
do not incur serious interference or even may be exploited
as a meaningful signal. However, CoMP has thus far pro-
vided rather disappointing outcome from overall system
performance point of view.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a frame structure according to an
embodiment;

FIG. 2 illustrates a cellular network with various alloca-
tions for UEs according to an embodiment;

FIG. 3 illustrates DRMS for providing side information
according to an embodiment;

FIG. 4 illustrates DMRS used for more than two layers
according to an embodiment;

FIG. 5 illustrates a comparison of the relative phase error
for un-symmetric modulation approximation versus average
approximation according to an embodiment;

FIG. 6 illustrates a comparison of the relative phase error
for symmetric modulation approximation versus average
approximation according to an embodiment; and

FIG. 7 illustrates a block diagram of an example machine
for providing demodulation reference signals to provide side
information for interference cancellation according to an
embodiment.

DETAILED DESCRIPTION

The following description and the drawings sufficiently
illustrate specific embodiments to enable those skilled in the
art to practice them. Other embodiments may incorporate
structural, logical, electrical, process, and other changes.
Portions and features of some embodiments may be included
in, or substituted for, those of other embodiments. Embodi-
ments set forth in the claims encompass available equiva-
lents of those claims.

According to an embodiment, a method for signaling
IC/IS side information to the UE for the general inter-cell
co-channel interference case is provided. IC/IS side infor-
mation may be considered for which the known signaling
methods, e.g., wanted signal’s PDCCH, wanted signal’s
ePDCCH, dedicated RRC messaging, wanted signal’s cell
broadcast, etc., are neither sufficiently accurate nor appro-
priate.

FIG. 1 illustrates a frame structure 100 according to an
embodiment. In FIG. 1, the frame 114 has an overall length
of 10 milliseconds (ms). This is then divided into a total of
20 individual slots 110. Each subframe 112 includes two
slots 110 of length 0.5 ms, and each slot 110 contains a
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number of OFDM symbols, Nsymb 120. Thus, there are 10
subframes 112 within a frame 114. Subframe #18 is shown
expanded with reference to a subcarrier (frequency) axis 116
and an OFDM symbol (time) axis 118.

A resource element (RE) 130 is the smallest identifiable
unit of transmission and involves one subcarrier 132 for an
OFDM symbol period 134. Transmissions are scheduled in
larger units called physical resource blocks (pRBs) 140
which comprise a number of adjacent subcarriers 132 for a
period of one 0.5-ms timeslot. Accordingly, the smallest
dimensional unit for assigning resources in the frequency
domain is a “resource block” (RB) 140, i.e., a group of N, _*%
adjacent subcarriers 132 constitute a resource block (RB)
140. Each subframe 112 includes “n” resource blocks, i.e.,
NRBxN, ** 150.

FIG. 2 illustrates interference varying from PRB-to-PRB
as well as from TTI-to-TTI according to an embodiment. In
FIG. 1, three cells are shown. Allocations of PRBs for four
UEs in cell 1 are displayed, i.e., UE #1, UE #2, UE #3, UE
#4. Interference from UE allocations of neighboring cell 2
and cell 3 are shown affecting allocations for UE #1 in cell
1.

FIG. 2 illustrates a cellular network with various alloca-
tions for UEs 200 according to an embodiment. FIG. 2
demonstrates that the type of interference 202, 204 experi-
enced by a UE#1 210 in cell 1 220 depends on the type of
allocations that UEs 212 in the neighbor cells, e.g., cell 2
222, cell 3 224, received from their serving eNB. The type
of interference 202, 204 UE#1 210 experiences may vary
from PRB to PRB 240 as well as from TTI to TTI 250.
Hence, IC/IS side information must exhibit a time-frequency
granularity of one PRB 240 and one TTI 250. However, this
is currently considered infeasible using existing methods.

Embodiments described herein provide solutions for the
required time-frequency granularity. The fine granularity
requirement may be eased by requesting that neighboring
cells, i.e., cell 1 220 and cell 2 222, schedule their UEs, 210,
212 in a compatible way. For example, the UE 212 in cell 2
222 with allocation 260 may schedule, within its serving cell
222, either the same allocation 262 as UE#1 210 provided in
cell 1 220. However, this will prohibit optimal scheduling of
the UE 212 in cell 2 222 because using the same allocation
262 as UE#1 210 provided in cell 1 220 may be too large,
may be too small or may not have optimally fitting alloca-
tions for PRBs 240 or TTIs 250. Such scheduling restrictions
may cause serious performance degradation in terms of
system capacity.

There are two types of reference signals for uplink in LTE.
The first is Sounding Reference Signal (SRS) which is used
to allow channel dependent (i.e. frequency selective) uplink
scheduling. The second is Demodulation Reference Signals
(DMRS) which, according to an embodiment, are used to
enable coherent signal demodulation at the eNB.

FIG. 3 illustrates DRMS for providing side information
300 according to an embodiment. In FIG. 3, placement and
modulation of DMRS for antenna port 7 on the grid of
subcarriers 310 and OFDM symbols 320 within a Resource
Block 330. DMRS are reference signals that are precoded in
a specific way, typically to achieve better signal at the
desired UE, e.g., by using beam forming and combining the
signals of multiple antennas in calculated manner. Accord-
ingly, any number of antennas may be used to achieve a
good reception signal at the UE without a need to perform
channel estimations on each of the involved antennas, but
only on the compound signal via the DMRS. This principle
may be exploited both for inter-cell and intra-cell interfer-
ence.
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In FIG. 3, each quadruplet, or 4, DMRS, DMRS-1 350,
DMRS-2 352, DMRS-3 354, which are transmitted on the
same subcarrier (row) 310 are grouped into a set to obtain
three :DMRS sets/quadruplets labeled DMRS-1 350,
DMRS-2 252 and DMRS-3 354. Then, one DMRS set is
transmitted unchanged, e.g., DMRS-2 252, but an additional
modulation is introduced on DMRS-1 350. Different types
of scrambling may be applied on the individual DMRS as
shown below. However, application of different types of
scrambling on the individual DMRS may be omitted without
departing from the teachings of embodiments described
herein. The modulation may be the same CM DMRS within
a set, the modulation does not affect the CDMA component
used to distinguish DMRS on different antenna ports.

Normally, DMRS are intended for the intended UE’s
channel estimation. According to an embodiment, DMRS is
used both for channel estimation (for the interfering UE and
the interfered UEs) and for indicating side-information
about the interfering signal also to the interfered UEs. With
the help of such side information the interfered UE, e.g.,
UE#1 210 shown in FIG. 2, may more efficiently cancel (or
jointly demodulate) the interfering UEs signal, e.g., the
interfering signal 202 from UEs in cell 2 222 and the
interfering signal 204 from cell 3 224, as shown in FIG. 2.

Channel state information or channel status information
(CS]) is information which represents the state of a com-
munication link from the transmit source(s) to the receiver
source(s). This information describes how a signal propa-
gates from the transmitter to the receiver and represents the
combined effect of, for example, scattering, fading, and
power decay with distance the Channel state information
(CSI) may also be referred to as side information, which
may be available at the transmitter (CSIT) or at the receiver
(CSIR) or at both ends. Side information may include
feedback used to control certain parameters of a communi-
cation channel.

DMRS are typically sent in a “beam-formed way” and
thus cover part of the cell. If the interference is strong, so is
the received signal strength of the DMRS and vice versa.
That means that the side information is easy to detect, i.e.,
the DMRS received is strong, when the interference is
strong. Thus, cancellation of that particular signal is very
valuable. When the DMRS is received marginally, the
side-information may be impossible to decode. However,
the interference is not strong either and thus canceling the
interfering signal may not be performed.

In FIG. 3, there are up to 24 REs 360 on which DMRS on
up to 8 layers are sent, e.g., partly TDM and CDMA coded.
This leaves 24/8=3 independent samples 370. These samples
are redundant and, respectively, the samples are used to track
time/frequency dependent channels. When the channel is
sufficiently flat in the frequency domain, e.g., when there are
no echoes with long delays such as typically occurs for small
cells, information may be coded into these three samples
370. For example, a phase shift of two of the three samples
370 relative to the remaining one of the three samples may
be introduced to indicate properties of the transmission, such
as the most likely modulation scheme, e.g., three values
representing QPSK, 16QAM, 64QAM, 256QAM, etc.

The interfering UE may be aware of this signaling, and is
also aware of the information coded therein because this
information is also sent on a (¢)PDCCH, and therefore the
UE may take this into account for the DMRS processing,
e.g., an additional scrambling, which depends on the applied
modulation scheme that is applied. Then there is no impact,
e.g., performance wise, on that UE. If the UE is a legacy UE,
the UE thinks the channel is frequency/time dependent and
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will thus apply that channel also to the data. The data-
detection would be processed incorrectly because the chan-
nel is estimated incorrectly. However, the data may also be
distorted with a channel that has exactly the frequency/time
variance that is apparently indicated by the DMRS. The
legacy UE may thus detect the data correctly. For sake of
simplicity, this pre-distortion may be applied for both legacy
and new UEs, wherein the new UEs may be aware of the
pre-distortion of both the DMRS and data and may therefore
be used to perform even more sophisticated channel track-
ing. The differences between the apparent channel measured
on these distorted DMRS and cell-specific reference signal
(CRS) are not a concern because UEs may assume that the
channel experienced on DMRS differs from the “general”
channel seen on CRS, and, in particular, the UEs are not
allowed to average between CRS and DMRS estimates.

The side-information is sent per layer, whether the layers
are for the same UEs, for single user MIMO, or for different
UEs, e.g., for multi user MIMO. The interfered UE cancels
the layers for which the interfered UE may receive the
DMRS with accuracy and cancels those, no matter for whom
the data is intended. This provided full flexibility regarding
scheduling at the eNB and limits the amount to be signaled
per layer. When one UE is served with multiple layers, e.g.,
with single user MIMO, then the modulation may be dif-
ferent from layer to layer.

There may be two transport blocks using different modu-
lation, but the two transport blocks are mapped to layers in
a way that there is no mixing of modulation within a single
layer. Therefore, according to an embodiment, the modula-
tion may be indicated independently for each layer. In case
of multi user MIMO, different UEs may use different
modulations, but again a single layer supports a single
modulation scheme.

The modulation scheme may be coded, e.g., QPSK,
16QAM or 64QAM (three values). This may be indicated by
applying a phase rotation, for example, by applying a simple
multiplication by -1 or exp(j*alpha) at one quadruple of the
three independent quadruples of DMRS. Accordingly, three
pieces of information are coded onto two constellations,
wherein the third is used as a channel reference.

Table 1 illustrates an example modulation. The modula-
tion shown in Table 1 may be referred to as symmetric. The
angle o indicates the phase shift that is achieved by multi-
plying affected DMRS with exp(+ja) or exp(-ja). In Table
1, the modulation applied to the sets/quadruplets of DMRS
for 3 different coded side information examples. For 64
QAM, DMRS1, DMRS2 and DMRS3 have no modulation
applied. For 16 QAM, DMRS1 and DMRS3 are multiplied
with exp(+ja), whereas DMRS2 is not modified. QPSK,
DMRS1 and DMRS3 are multiplied with exp(—jat), whereas
DMRS?2 is not modified.

TABLE 1

Side Information Modulation Applied to the Sets/Quadruplets of DMRS

To Signal DRMS1 DRMS2 DRMS3
64 QAM None None None

16 QAM exp(+j a) None exp(+j a)
QPSK exp(—j a) None exp(—j )

Table 2 illustrates a second example modulation. The
modulation shown in Table 1 may be referred to as un-
symmetric. In Table 2, for 64 QAM, DMRS2 and DMRS3
have no modulation applied. For 16 QAM, DMRSI1 is
multiplied with exp(+jor) and DMRS3 is multiplied with
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6
exp(=jo), whereas DMRS2 is not modified. For QPSK,
DMRS1 is multiplied with exp(+jct) and DMRS3 is multi-
plied with exp(—jct), whereas DMRS2 is not modified.

TABLE 2

Side Information Modulation Applied to the Sets/Quadruplets of DMRS

To Signal DRMS1 DRMS2 DRMS3
64 QAM None None None

16 QAM exp(+ a) None exp(—j )
QPSK exp(-j a) None exp(+j a)

The performance of cancelling concurrent transmissions
for other UEs may improve if more side-information on
those transmissions are available. The interfered UE may
take this side information into account on top of the other
information the interfered UE may infer, e.g., by blind
detection. Because the intended UEs know the modulation
applied on the DMRS, the UEs may take the known modu-
lation into account, e.g., similar to the already existing
scrambling r, as described below. Legacy UEs may suffer
some degradation, but it is possible to inhibit the feature for
legacy UEs thereby allowing a backward compatible intro-
duction.

Thus, according to embodiments, DMRS, i.e., precoded
reference signals sent per layer to a UE to convey side
information about that transmission, is used to help an
interfered UE to more easily cancel this interference. This
provides double use of the DMRS reference signals. The
side information may be encoded by modulating these
reference signals, e.g., by introducing a phase-shift, or also
amplitude modulation, on some of the DMRS.

The interfered UE may be served by an adjacent cell or in
the case of MU-MIMO, the interfered UE may also be a UE
in the same cell but served on different layers. For example,
the layers are typically not ideally orthogonal, therefore
other UEs layers may be canceled.

FIG. 4 illustrates DMRS used for more than two layers
400 according to an embodiment. In FIG. 4, there are 2 (a
pair of DMRS 410)*2 (2 pairs per DMRS set 412)*3 (3
DMRS sets of 4 DMRSs in a layer 414)*2 (2 layers 416)=24
REs reserved for DMRS transmission. DMRS may be used
to convey channel estimates for up to 8 layers. With 1 or 2
layers per user, there are 12 DMRS REs, e.g., the upper
DMRS 420, but the same argument applies. The different
layers are distinguished via FIDM, e.g., upper vs. lower
level. Resources used on one level are not used in the other,
but rather are blanked 430, 432 on the other. CUM codes are
applied on quadruples of RS in the time domain. These
patterns are also called Orthogonal Cover Codes (OCC),
e.g., the patterns may be orthogonal CDMA codes. In the
frequency domain, there are three such quadruples for each
layer 414.

in FIG. 4, a complex valued modulation symbol is defined
as a,,P=w, (113N gz P 430, 5+m'), wherein k is a
subcarrier index (within PRB), where ports 7, 8 (2 layers),
11, 13 are mapped to k=1, 6, 11, and ports 9, 10, 12, 14 are
mapped to k=0, 5, 10, wherein 1 is a symbol index, 1=0-6,
where 4 DMRS REs per TTI indexed by 1'=0, 1, 2, 3,
wherein p is the antenna port, and wherein r( ) is the
reference signal sequence.

Table 3 illustrates the sequence for cyclic prefix according
to an embodiment. For antenna ports, in a physical resource
block with frequency-domain index npp; assigned for the
corresponding PDSCH transmission, a part of the reference
signal sequence r(m) may be mapped to complex-valued
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modulation symbols in a subframe according to ak,l(‘”):u)p
(1N rBIN ;" PE 430, ,+m).

TABLE 3

Antenna port ,, W,(0) W,(1) W,(2) W,(3)]

+1 +1 +1 +1
+1 -1 +1-1
+1 +1 +1 +1

[ ]
[ ]
[ ]
[ ]
11 [+1 +1 -1 -1]
[ ]
[ ]
[ ]

If the channel is sufficiently flat in the frequency domain,
then the three quadruples 414 provide the same information,
and this fact may be used to code information. For example,
the middle quadruplet DMRS set 440 may be considered as
a reference, i.e., transmit the middle quadruplet DMRS set
440 without any modification. However, on the other two
quadruplet DMRS sets 450, 452, a small phase shift may be
applied, e.g., in the order of alpha=1/8%2 or even less. In this
way, three different values may be conveyed by applying a
positive phase shift, a negative phase shift or a zero phase
shift, i.e., no change at all.

Additionally, DMRS may be scrambled with a pseudo-
random cell-specific sequence r( ) that is known to UEs, who
also know the cell ID, which may thus easily be taken into
account by the intended and interfered UEs. However, for
MU-MIMO use cases, and maybe also for SU-MIMO with
a maximal of two layers, there are two scrambling variants
of the sequence r( ) which are quasi-orthogonal. The differ-
ent scrambling (ng;,=0 or 1) is signaled in the downlink
control information (DCI) to the intended UE and is not
readily available to interfered UEs. For other layer configu-
rations, e.g., SU-MIMO with more than 2 layers, only the
scrambling variant with ng.-,,=0 exists. Via these quasi-
orthogonal random sequences, some separation may be
achieved in case multiple terminals are scheduled on the
same resources, e.g., on PRBs and antennas ports/layers
using MU-MIMO. The sequencer is a binary complex
sequences, i.e., the elements, ignoring a scaling factor, have
the four complex values 1 £j. If UEs need to be scheduled
with the other sequence (ng-;»=1), the interfered UE does
not necessarily know the sequence r and may fail to detect
the information sent on DMRS, and may also fail to obtain
the DMRS based channel estimation, wherein the signals
from these legacy UEs cannot then be cancelled. Alterna-
tively, the interfered UE may be able infer the sequencer r by
looking at three quadruplet DMRS sets 440, 450, 452. The
interfered UE may apply both alternatives and pick the one
that achieves a higher average power of the de-spread
DMRS. Where MU-MIMO is employed in the interfering
cell and both sequences are used for different UEs, the
interfered UE will pick the stronger interfering signal, which
is probably the best alternative. If both signals are equally
strong, which means that indistinguishable transmissions for
two UEs overlap and interfere, then it may be difficult to
perform a meaningful cancellation because the interfering
signal approaches Gaussian noise.

If the different modulation schemes have different a priori
probabilities, then the phase angles may be set accordingly,
i.e., to make sure that commonly used schemes are well
separated. Additionally, if the different schemes may also be
blindly detected, e.g., using non-perfect probability, then the
detection probability may also be used to set the phase
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angles. Better discrimination may be provided amongst
modulations that cannot be discriminated reliably otherwise,
but similar or even the same encoding may be applied for
two schemes that may be blindly distinguished easily.

The powers of the DMRS quadruples may also be modi-
fied—not merely the phases. This may have some impact on
channel estimation accuracy, e.g., it may be worse on the
low power DMRS, but allows more data to be signaled to the
interfered UEs.

No matter which UEs are scheduled in consecutives
PRBs, i.e., there is no scheduling restriction on the PRBs.
However the receiving UE may gamble on consecutive
scheduling and then take information of consecutive PRBs
into account, thus increasing the coding gain by using
DMRS sets 440, 450, 452 consecutively, instead of using 3
quadruplet DMRS sets independently 440, 450, 452 twice.
This could be enhanced if side information providing infor-
mation about the granularity of scheduling in the interfering
cell is given to the interfered UE, e.g., via semi-static
signaling. Even if this information is not available, the UE
may detect low quality when decoding DMRS of individual
PRBs. Then, the UE may try to combine multiple DRMS. If
the multiple DRMS being combined have different modu-
lation schemes, the quality will stay low. However, if the
multiple DRMS being combined use the same modulation
scheme, some gain is obtained and then the UE may detect
with a selected quality.

For legacy UEs, the manner in which the de-spreading of
the OCC is accomplished may not be known, i.e., it may not
be known whether quadruples of DMRS REs are de-spread
individually or whether the legacy UE takes other sets for
the de-spreading. If the UE selects “wrong” sets, the de-
spreading may suffer degradations. The reception processing
is not prescribed, just the sent signal. Any redundancy is
allowed to be exploited by the receiver. If the distortion is
restricted, e.g., to a small phase shift, then the impact may
be less severe and excessive impact on legacy UEs may be
avoided. This is not an issue for new UEs because new UEs
are aware of the mechanism.

A reduced impact on legacy UEs may be provided using
smart coding scheme. A legacy UE may suffer some
degraded channel estimation if the legacy UE tries to do
some smart channel interpolation between the different
DMRS samples. While a corresponding interpolation on the
transmitted data may also be performed, different UEs may
use slightly different interpolation algorithms causing some
deviations. This is equivalent to adding some noise. Addi-
tional noise is most severe for high modulation schemes,
e.g., 64 QAM (or 256 QAM if used). The coding may be
selected in a way that for the highest modulation scheme
there is no deviation from the legacy DMRS modulation,
i.e., the phase shift alpha is zero, and for lower schemes is
aphase shift introduced. This shift may be increase for lower
and lower modulation schemes or an increasing number of
DMRS quadruplets may be affected.

Furthermore, the manner in which the legacy UE treats
the apparent phase shift in the frequency domain is
unknown. Because there are only the quadruplet DMRS sets
440, 450, 452 per PRB, there are basically three options. The
channel may be assumed to be frequency flat and therefore
may be averaged over three quadruplet DMRS sets 440, 450,
452, e.g., the channel may be assumed to change linearly
with frequency and therefore a linear approximation may be
applied. The channel change may be assumed to be more
complex than a linear change. Because there are three
samples, a quadratic approximation or similar approxima-
tion may be performed. Some coding schemes perform well
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for more than one of these options. These schemes may be
used for cases that are likely to be used by legacy UEs.

FIG. 5 illustrates a comparison of the relative phase error
for un-symmetric modulation approximation versus average
approximation 500 according to an embodiment. In FIG. 5,
for un-symmetric modulation, the phases of the DMRS at
the edges are modulated with opposite signs as represented
by line 510. The same result, i.e., the solid line 510, is
provided for both the linear and quadratic approximation,
while for average approximation 520, a deviation that may
be quite large at the edges may result.

FIG. 6 illustrates a comparison of the relative phase error
for symmetric modulation approximation versus average
approximation 600 according to an embodiment. In FIG. 6,
the same sign of the phase modulation is used at the edges
as represented by line 610. Here both the linear and average
approximations, e.g., the dashed line 620, give the same
result, but quadratic approximation differs 630. The maxi-
mum deviation is smaller than shown in FIG. 5, thus this
modulation may be a more robust coding. This modulation
may be applied for medium modulation, i.e., 16 QAM, while
the previous one may be applied for QPSK which is most
robust.

The type of approximation may also depend on the
perceived channel properties, i.e., whether the channel
seems to have a high or low correlation in the frequency
domain, and may also depend on the population of legacy
UEs, e.g., different manufacturers or models may implement
different algorithms. The base station may adapt the signal-
ing based on at least one of the population of UEs, the
channels they are experiences, the predominantly used
modulation schemes. The relation between coding and used
modulation is not fixed, but may be conveyed by the base
station both to non-legacy UEs in the own cell and to UEs
in other cells via semi-static signaling, e.g., BCCH, dedi-
cated messages and X2 interface to neighboring cells.

Backward compatible coding may be provided to circum-
vent degradation for legacy UEs. The legacy DB-RS settings
may be used to indicate that no side information is available.
Then, four values may be used to signal (QPSK, 16QAM,
64QAM or legacy) and the code may be selected in a way
that “legacy” is identical to legacy DMRS. Accordingly, it is
possible to avoid impact on all or a selection of the legacy
UEs. At the same time the advantage is sacrificed as well,
but no degradation is generated. This may be combined with
using legacy DMRS settings for 64QAM. At a given receive
strength, cancellation of 64QAM typically gives less gain
than cancellation of a lower modulation scheme because it
is harder to detect the constellations of 64 QAM. Therefore
64QAM and legacy are indicated in the same way, e.g., no
change to the legacy DMRS.

Forward looking coding may be provided when backward
compatibility is not an issue, e.g., no legacy UEs to sched-
ule, at least on some resources/carriers. The modulation
scheme may also be signaled to the intended UE to save
some bits on the (e)PDCCH, e.g., semi-public signaling of
scheduling as a first partial step towards a system that has
fully public scheduling. This may be a general concept,
independent of DMRS usage. Further, this may be imple-
mented if DMRS is used as a reference for ePDCCH because
otherwise a circular cause and consequence situation occurs,
such as the causality dilemma of the chicken and egg, since
the ePDCCH content is used when using the DMRS, but
channel estimation from DMRS is used to decode ePDCCH.
The CRC however may still be performed on the full
information, thus also confirming the correctness of the
modulation detection via DMRS. Extra additional CRC or
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redundancy is not used to transmit on DMRS and any
misdetection is avoided, or at worst the transmission is lost.
However, due to the use of little coding, this may not be an
attractive option.

Embodiments described herein are applicable not only for
PDSCH (data channel) but for the ePDCCH as well: The
ePDCCH is transmitted on specific PRB pairs and uses
DMRS specific to these PRB. QRSK may be used as a
modulation scheme. This may be indicated via the DMRS,
then interfered UEs may cancel the ePDCCH as well. The
UEs may not be aware whether ePDCCH or data is sent on
a particular PRB.

Thus, according to embodiment described herein. DMRS
sets 350, 352, 354 such as shown in FIG. 3 may be used to
provide both channel estimate and side information. This
may be accomplished by slightly modifying the legacy
DMRS. However, new SI-RS (side information RS) may be
introduced. SI-RS may be used primarily to convey side
information to inferred UEs. The SI-RS may be coded
similarly to the DMRS and contain side-information. After
decoding the side information, the IS-RS may be used to
enhance channel estimation, and the intended UE, which
knows the side information, may use the IS-RS immediately
for channel estimation. These IS-RS may not be backwards
compatible.

FIG. 7 illustrates a block diagram of an example machine
700 for providing demodulation reference signals to provide
side information for interference cancellation according to
an embodiment upon which any one or more of the tech-
niques (e.g., methodologies) discussed herein may perform.
In alternative embodiments, the machine 700 may operate as
a standalone device or may be connected (e.g., networked)
to other machines. In a networked deployment, the machine
700 may operate in the capacity of a server machine and/or
a client machine in server-client network environments. In
an example, the machine 700 may act as a peer machine in
peer-to-peer (P2P) (or other distributed) network environ-
ment. The machine 700 may be a personal computer (PC),
a tablet PC, a set-top box (STB), a Personal Digital Assistant
(PDA), a mobile telephone, a web appliance, a network
router, switch or bridge, or any machine capable of execut-
ing instructions (sequential or otherwise) that specify actions
to be taken by that machine. Further, while a single machine
is illustrated, the term ‘“machine” shall also be taken to
include any collection of machines that individually or
jointly execute a set (or multiple sets) of instructions to
perform any one or more of the methodologies discussed
herein, such as cloud computing, software as a service
(SaaS), other computer cluster configurations.

Examples, as described herein, may include, or may
operate on, logic or a number of components, modules, or
mechanisms. Modules are tangible entities (e.g., hardware)
capable of performing specified operations and may be
configured or arranged in a certain manner. In an example,
circuits may be arranged (e.g., internally or with respect to
external entities such as other circuits) in a specified manner
as a module. In an example, at least a part of one or more
computer systems (e.g., a standalone, client or server com-
puter system) or one or more hardware processors 702 may
be configured by firmware or software (e.g., instructions, an
application portion, or an application) as a module that
operates to perform specified operations. In an example, the
software may reside on at least one machine readable
medium. In an example, the software, when executed by the
underlying hardware of the module, causes the hardware to
perform the specified operations.
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Accordingly, the term “module” is understood to encom-
pass a tangible entity, be that an entity that is physically
constructed, specifically configured (e.g., hardwired), or
temporarily (e.g., transitorily) configured (e.g., pro-
grammed) to operate in a specified manner or to perform at
least part of any operation described herein. Considering
examples in which modules are temporarily configured, a
module need not be instantiated at any one moment in time.
For example, where the modules comprise a general-pur-
pose hardware processor 702 configured using software; the
general-purpose hardware processor may be configured as
respective different modules at different times. Software
may accordingly configure a hardware processor, for
example, to constitute a particular module at one instance of
time and to constitute a different module at a different
instance of time. The term “application.,” or variants
thereof, is used expansively herein to include routines,
program modules, programs, components, and the like, and
may be implemented on various system configurations,
including single-processor or multiprocessor systems,
microprocessor-based electronics, single-core or multi-core
systems, combinations thereof, and the like. Thus, the term
application may be used to refer to an embodiment of
software or to hardware arranged to perform at least part of
any operation described herein.

Machine (e.g., computer system) 700 may include a
hardware processor 702 (e.g., a central processing unit
(CPU), a graphics processing unit (GPU), a hardware pro-
cessor core, or any combination thereof), a main memory
704 and a static memory 706, at least some of which may
communicate with others via an interlink (e.g., bus) 708. The
machine 700 may further include a display unit 710, an
alphanumeric input device 712 (e.g., a keyboard), and a user
interface (UI) navigation device 714 (e.g., a mouse). In an
example, the display unit 710, input device 712 and Ul
navigation device 714 may be a touch screen display. The
machine 700 may additionally include a storage device (e.g.,
drive unit) 716, a signal generation device 718 (e.g., a
speaker), a network interface device 720, and one or more
sensors 721, such as a global positioning system (GPS)
sensor, compass, accelerometer, or other sensor. The
machine 700 may include an output controller 728, such as
a serial (e.g., universal serial bus (USB), parallel, or other
wired or wireless (e.g., infrared (IR)) connection to com-
municate or control one or more peripheral devices (e.g., a
printer, card reader, etc.).

The storage device 716 may include at least one machine
readable medium 722 on which is stored one or more sets of
data structures or instructions 724 (e.g., software) embody-
ing or utilized by any one or more of the techniques or
functions described herein. The instructions 724 may also
reside, at least partially, additional machine readable memo-
ries such as main memory 704, static memory 706, or within
the hardware processor 702 during execution thereof by the
machine 700. In an example, one or any combination of the
hardware processor 702, the main memory 704, the static
memory 706, or the storage device 716 may constitute
machine readable media.

While the machine readable medium 722 is illustrated as
a single medium, the term “machine readable medium” may
include a single medium or multiple media (e.g., a central-
ized or distributed database, and/or associated caches and
servers) that configured to store the one or more instructions
724.

The term “machine readable medium” may include any
medium that is capable of storing, encoding, or carrying
instructions for execution by the machine 700 and that cause
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the machine 700 to perform any one or more of the tech-
niques of the present disclosure, or that is capable of storing,
encoding or carrying data structures used by or associated
with such instructions. Non-limiting machine readable
medium examples may include solid-state memories, and
optical and magnetic media. Specific examples of machine
readable media may include: non-volatile memory, such as
semiconductor memory devices (e.g., Electrically Program-
mable Read-Only Memory (EPROM), Electrically Erasable
Programmable Read-Only Memory (EEPROM)) and flash
memory devices; magnetic disks, such as internal hard disks
and removable disks; magneto-optical disks; and CD-ROM
and DVD-ROM disks.

The instructions 724 may further be transmitted or
received over a communications network 726 using a trans-
mission medium via the network interface device 720 uti-
lizing any one of a number of transfer protocols (e.g., frame
relay, internet protocol (IP), transmission control protocol
(TCP), user datagram protocol (UDP), hypertext transfer
protocol (HTTP), etc.). Example communication networks
may include a local area network (LAN), a wide area
network (WAN), a packet data network (e.g., the Internet),
mobile telephone networks ((e.g., channel access methods
including Code Division Multiple Access (CDMA), Time-
division multiple access (IDMA), Frequency-division mul-
tiple access (FDMA), and Orthogonal Frequency Division
Multiple Access (OFDMA) and cellular networks such as
Global System for Mobile Communications (GSM), Uni-
versal Mobile Telecommunications System (UMTS),
CDMA 2000 1x* standards and Long Term Evolution
(LTE)), Plain Old Telephone (POTS) networks, and wireless
data networks (e.g., Institute of Electrical and Electronics
Engineers (IEEE) 802 family of standards including IEEE
802.11 standards (WiFi), IEEE 802.16 standards (WiMax®)
and others), peer-to-peer (P2P) networks, or other protocols
now known or later developed.

For example, the network interface device 720 may
include one or more physical jacks (e.g., Ethernet, coaxial,
or phone jacks) or one or more antennas to connect to the
communications network 726. In an example, the network
interface device 720 may include a plurality of antennas to
wirelessly communicate using at least one of single-input
multiple-output  (SIMO), multiple-input multiple-output
(MIMO), or multiple-input single-output (MISO) tech-
niques. The term “transmission medium” shall be taken to
include any intangible medium that is capable of storing,
encoding or carrying instructions for execution by the
machine 700, and includes digital or analog communications
signals or other intangible medium to facilitate communi-
cation of such software.

The above detailed description includes references to the
accompanying drawings, which form a part of the detailed
description. The drawings show, by way of illustration,
specific embodiments that may be practiced. These embodi-
ments are also referred to herein as “examples.” Such
examples may include elements in addition to those shown
or described. However, also contemplated are examples that
include the elements shown or described. Moreover, also
contemplate are examples using any combination or permu-
tation of those elements shown or described (or one or more
aspects thereof), either with respect to a particular example
(or one or more aspects thereof), or with respect to other
examples (or one or more aspects thereof) shown or
described herein.

Publications, patents, and patent documents referred to in
this document are incorporated by reference herein in their
entirety, as though individually incorporated by reference. In
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the event of inconsistent usages between this document and
those documents so incorporated by reference, the usage in
the incorporated reference(s) are supplementary to that of
this document; for irreconcilable inconsistencies, the usage
in this document controls.

In this document, the terms “a” or “an” are used, as is
common in patent documents, to include one or more than
one, independent of any other instances or usages of “at least
one” or “one or more.” In this document, the term “or” is
used to refer to a nonexclusive or, such that “A or B”
includes “A but not B,” “B but not A,” and “A and B,” unless
otherwise indicated. In the appended claims, the terms
“including” and “in which” are used as the plain-English
equivalents of the respective terms “comprising” and
“wherein.” Also, in the following claims, the terms “includ-
ing” and “comprising” are open-ended, that is, a system,
device, article, or process that includes elements in addition
to those listed after such a term in a claim are still deemed
to fall within the scope of that claim. Moreover, in the
following claims, the terms “first,” “second,” and “third,”
etc. are used merely as labels, and are not intended to
suggest a numerical order for their objects. The above
description is intended to be illustrative, and not restrictive.
For example, the above-described examples or one or more
aspects thereof) may be used in combination with others.
Other embodiments may be used, such as by one of ordinary
skill in the art upon reviewing the above description. The
Abstract is to allow the reader to quickly ascertain the nature
of the technical disclosure, for example, to comply with 37
CFR. §1.72(b) in the United States of America. It is
submitted with the understanding that it will not be used to
interpret or limit the scope or meaning of the claims. Also,
in the above Detailed Description, various features may be
grouped together to streamline the disclosure. However, the
claims may not set forth features disclosed herein because
embodiments may include a subset of said features. Further,
embodiments may include fewer features than those dis-
closed in a particular example. Thus, the following claims
are hereby incorporated into the Detailed Description, with
a claim standing on its own as a separate embodiment. The
scope of the embodiments disclosed herein is to be deter-
mined with reference to the appended claims, along with the
full scope of equivalents to which such claims are entitled.

The invention claimed is:

1. At least one non-transitory machine-readable medium
containing instructions that, when executed by a processor
of' a communication device, cause the processor to perform
operations for using demodulation reference signals to pro-
vide side information for interference cancellation, the
operations comprising: preparing a sub-frame comprising
two slots and configuring a physical resource block (PRB)
for each slot, wherein each PRB comprises a plurality of
subcarriers for transmitting a plurality of symbols per slot;
allocating, in resource elements on each of three of the
plurality of subcarriers, two pairs of demodulation reference
signals (DMRS) to form three DMRS sets, the DMRS sets
comprising known sequences; mapping symbols with a first
modulation for the two pairs of demodulation reference
signals to three of the plurality of subcarriers for transmis-
sion; and adding a second modulation to a first of the three
DMRS sets and adding a third modulation to a second of the
three DMRS sets to indicate side information regarding an
interfering signal for use in mitigating the interfering signal,
wherein the first modulation, the second modulation, and the
third modulation encode the side information, and wherein
the side information is distinct from the known sequences.

10

15

20

25

30

35

40

45

50

55

60

65

14

2. The at least one non-transitory machine-readable
medium of claim 1, wherein the operation of adding the
second modulation to the first of the three DMRS sets and
the third modulation to the second of the three DMRS sets
comprises adding a same modulation to the first and second
of the three DMRS sets, the second modulation being the
same as the third modulation.

3. The at least one non-transitory machine-readable
medium of claim 1, wherein the operation of adding the
second modulation to the first of the three DMRS sets and
the third modulation to the second of the three DMRS sets
comprises adding a different modulation to the first and the
second of the three DMRS sets, the second modulation being
different than the third modulation.

4. The at least one non-transitory machine-readable
medium of claim 1, wherein the operation of adding the
second modulation to the first of the three DMRS sets and
the third modulation to the second of the three DMRS sets
further comprises providing side information to the three
DMRS sets to support channel estimation for an interfering
user equipment (UE) and for an interfered UE.

5. The at least one non-transitory machine-readable
medium of claim 1, wherein the operation of adding the
second modulation and adding the third modulation for use
in mitigating the interfering signal provides side information
for canceling the interfering signal.

6. The at least one non-transitory machine-readable
medium of claim 1, wherein the operation of mapping
symbols with a first modulation for the two pairs of demodu-
lation reference signals to the three OFDM subcarriers for
transmission comprises selecting three pairs of resource
elements from twenty-four resource elements in a first
physical resource block and selecting three pairs of resource
elements from twenty-four resource elements in a second
physical resource block to use for the three DMRS sets,
wherein the three pairs of resource elements in the first
physical resource block and in the second physical resource
block are aligned with three subcarriers.

7. The at least one non-transitory machine-readable
medium of claim 1, wherein the operation of adding the
second modulation and the third modulation for use in
mitigating the interfering signal further comprises coding
information for the three DMRS sets using a phase shift on
the first and the second of the three DMRS sets relative to
a third of the three DMRS sets to indicate properties of the
transmission, wherein the coded information is further sent
to an interfered UE on a data channel.

8. The at least one non-transitory machine-readable
medium of claim 1 further comprising instructions for
applying pre-distortion to data and to the pairs of DMRS for
use in performing channel tracking.

9. The at least one non-transitory machine-readable
medium of claim 1, wherein the operation of adding the
second modulation to the first of the three DMRS sets and
adding the third modulation to the second of the three
DMRS sets further comprises applying one modulation
technique selected from a group consisting of introducing a
phase-shift and applying amplitude modulation on the first
and the second of the DMRS sets.

10. The at least one non-transitory machine-readable
medium of claim 1, wherein the operation of adding the
second modulation to the first of the three DMRS sets and
applying the third modulation to the second of the three
DMRS sets comprises applying a symmetric modulation to
the first of the DMRS sets and to the second of the DMRS
sets, wherein the symmetric modulation comprises applying
one phase shift selected from a group consisting of applying
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a positive phase shift to the first and the second of the three
DMRS sets and applying a negative phase shift to the first
and the second of the three DMRS sets.

11. The at least one non-transitory machine-readable
medium of claim 1, wherein the operation of adding the
second modulation to the first of the three DMRS sets and
applying the third modulation to the second of the three
DMRS sets comprises applying an un-symmetric modula-
tion to the first of the three DMRS sets and to the second of
the DMRS sets, wherein the un-symmetric modulation com-
prises opposite phase shifts to the first and the second of the
three DMRS sets.

12. The at least one non-transitory machine-readable
medium of claim 1 further comprising instructions for
providing a first layer comprising a first three DMRS sets
and providing a second layer comprising a second three
DMRS set, wherein the adding the second modulation and
adding the third modulation comprises adding the second
modulation to a first of the three DMRS sets in the first layer
and to a first of the three DMRS sets in the second layer and
adding the third modulation to a second of the three DMRS
sets in the first layer and to a second of the three DMRS sets
in the second layer.

13. The at least one non-transitory machine-readable
medium of claim 1, wherein the operation of adding the
second modulation to the first of the three DMRS sets
comprises providing a same phase shift to the pairs of
DMRS in one of the three DMRS sets.

14. The at least one non-transitory machine-readable
medium of claim 1, wherein the operation of adding the
second modulation to the first of the three DMRS sets
comprises providing a first DMRS and a second DMRS
forming a first pair of DMRS in one of the three DMRS sets
with an opposite phase shift and providing a third DMRS
and a fourth DMRS forming a second pair of DMRS in one
of the three DMRS sets with a phase shift equal to the phase
shift of the first and second DMRS, respectively.

15. The at least one non-transitory machine-readable
medium of claim 1, wherein the operation of adding the
second modulation to the first of the three DMRS sets
comprises providing a first DMRS and a second DMRS
forming a first pair of DMRS in one of the three DMRS sets
with a same phase shift and providing a third DMRS and a
fourth DMRS forming a second pair of DMRS in one of the
three DMRS sets with a phase shift opposite to the phase
shift of the first and second DMRS, respectively.

16. The at least one non-transitory machine-readable
medium of claim 1, wherein the operation of adding the
second modulation to the first of the three DMRS sets
comprises providing a first DMRS and a second DMRS
forming a first pair of DMRS in one of the three DMRS sets
with a same phase shift and providing a third DMRS and a
fourth DMRS forming a second pair of DMRS in one of the
three DMRS sets with a phase shift opposite to the phase
shift of the first and second DMRS, respectively.

17. The at least one non-transitory machine-readable
medium of claim 1, wherein the operation of adding the
second modulation and the adding the third modulation
comprises adding a modulation selected from a group con-
sisting of applying a positive phase shift, applying a negative
phase shift and applying a zero phase shift.

18. Apparatus for a base station, comprising:

a downlink transmit path controller comprising circuitry
to control transmission of demodulation reference sig-
nals in a sub-frame comprising two slots with each of
the two slots having a physical resource block (PRB),
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wherein each PRB comprises a plurality of subcarriers
for transmitting a plurality of symbols per slot; and

a reference signal allocator to:

allocate, in resource elements on each of three of the
plurality of subcarriers, two pairs of demodulation
reference signals (DMRS) to form three DMRS sets,
the DMRS sets comprising known sequences;

map symbols with a first modulation for the two pairs of
demodulation reference signals to three of the plurality
of subcarriers for transmission; and

add a second modulation to a first of the three DMRS sets
and add a third modulation to a second of the three
DMRS sets to indicate side information regarding an
interfering signal for use in mitigating the interfering
signal;

wherein the first modulation, the second modulation, and
the third modulation encode the side information, and
wherein the side information is distinct from the known
sequences.

19. The apparatus of claim 18, wherein the second modu-
lation and the third modulation are each selected from the
group consisting of a positive phase shift, a negative phase
shift and a zero phase shift.

20. The apparatus of claim 18, wherein addition of the
second modulation to the first of the three DMRS sets and
the addition of the third modulation to the second of the
three DMRS sets comprises selecting one technique from
the group consisting of:

adding a same modulation to the first and second of the
three DMRS sets, the second modulation being the
same as the third modulation;

adding a different modulation to the first and the second
of the three DMRS sets, the second modulation being
different than the third modulation;

applying a symmetric modulation to the first of the DMRS
sets and to the second of the DMRS sets, wherein the
symmetric modulation comprises applying one phase
shift selected from a group consisting of applying a
positive phase shift to the first and the second of the
three DMRS sets and applying a negative phase shift to
the first and the second of the three DMRS sets;

applying an un-symmetric modulation to the first of the
three DMRS sets and to the second of the DMRS sets,
wherein the un-symmetric modulation comprises oppo-
site phase shifts to the first and the second of the three
DMRS sets.

21. The apparatus of claim 18, further comprising:

transceiver circuitry operatively coupled to the downlink
transmit path controller and to an antenna arrangement.

22. A subscriber station comprising:

a downlink receive path comprising circuitry configured
to receive a plurality of reference signals in a sub-frame
comprising two slots with each of the two slots having
a physical resource block (PRB), wherein each PRB
comprises a plurality of subcarriers for transmitting a
plurality of symbols per slot; and

a reference signal receiver configured to receive the
plurality of reference signals comprising two pairs of
demodulation reference signals (DMRS) to form three
DMRS sets allocated in resource elements on each of
three of the plurality of subcarriers, the DMRS sets
comprising known sequences, wherein symbols for the
two pairs of demodulation reference signals are modu-
lated with a first modulation on three of the plurality of
subcarriers and a first of the three DMRS sets includes
a second modulation and a second of the three DMRS
sets includes a third modulation, the second and third
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modulation arranged to indicate side information
regarding an interfering signal for use in mitigating the
interfering signal, wherein the first modulation, the
second modulation, and the third modulation encode
the side information, and wherein the side information 5
is distinct from the known sequences.

23. The subscriber station of claim 22, wherein the second
modulation and the third modulation comprises adding a
modulation selected from a group consisting of applying a
positive phase shift, applying a negative phase shift and 10
applying a zero phase shift.

24. The subscriber station of claim 22, wherein the second
modulation and the third modulation comprises a modula-
tion from a group consisting of:

a same modulation added to the first and second of the 15
three DMRS sets when the second modulation is the
same as the third modulation;

a different modulation added to the first and the second of
the three DMRS sets when the second modulation is
different than the third modulation; 20

a symmetric modulation added to the first of the DMRS
sets and to the second of the DMRS sets, wherein the
symmetric modulation comprises one phase shift
selected from a group consisting of a positive phase
shift applied to the first and the second of the three 25
DMRS sets and a negative phase shift applied to the
first and the second of the three DMRS sets; and

an un-symmetric modulation applied to the first of the
three DMRS sets and to the second of the DMRS sets,
wherein the un-symmetric modulation comprises oppo- 30
site phase shifts applied to the first and the second of
the three DMRS sets.
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