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CELL MEASUREMENTS IN UNLICENSED and then may cross - correlate those channel estimations with 
FREQUENCY BANDS each other to generate a signal strength estimate . 

Such a signal strength estimate may be provided back to 
PRIORITY CLAIM a serving cell of the wireless device to provide a more 

5 accurate estimation of the cell ' s signal strength , which may 
The present application claims benefit of priority to U . S . in turn improve cell selection and re - selection procedures for 

Provisional Application No . 61 / 975 , 116 titled " Cell Mea the wireless device . A signal strength estimate calculated in 
surements in Unlicensed Frequency Bands ” and filed on this manner may be provided on a standalone basis ( e . g . , as 
Apr . 4 , 2014 , which is hereby incorporated by reference in a replacement for any alternate signal strength measurement 
its entirety as though fully and completely set forth herein . " th herein 10 technique ) , in some embodiments . Alternatively , it may be 

provided in combination with a signal strength estimate 
FIELD generated in another manner , such as by autocorrelating 

reference symbol subcarriers of the cell . This may be helpful 
The present application relates to wireless communication in some instances as a technique for estimating the interfer 

systems , including to an apparatus , system and method for 15 ence power present in a cell , since the difference between 
estimates calculated using such techniques may ( at least in performing cell measurements in channels on which inter some instances ) be representative of the interference power ference may be present . present in the cell . 

DESCRIPTION OF THE RELATED ART The techniques described herein may be implemented in 
20 and / or used with a number of different types of devices , 

including but not limited to cellular base stations , cellular Wireless communication systems are rapidly growing in phones , tablet computers , wearable computing devices , por usage . Additionally , there exist numerous different wireless reless table media players , and any of various other computing communication technologies and standards . Some examples devices 
of wireless communication standards include GSM , UMTS 25 This Summary is intended to provide a brief overview of 
( associated with , for example , WCDMA or TD - SCDMA air some of the subject matter described in this document . 
interfaces ) , LTE , LTE Advanced ( LTE - A ) , HSPA , 3GPP2 Accordingly , it will be appreciated that the above - described 
CDMA2000 ( e . g . , 1xRTT , 1xEV - DO , HRPD , eHRPD ) , features are merely examples and should not be construed to 
IEEE 802 . 11 ( WLAN or Wi - Fi ) , IEEE 802 . 16 ( WiMAX ) , narrow the scope or spirit of the subject matter described 
Bluetooth , and others . 30 herein in any way . Other features , aspects , and advantages of 

In some wireless communication systems , such as certain the subject matter described herein will become apparent 
cellular communication networks , wireless communication from the following Detailed Description , Figures , and 
is performed on frequency bands which have been licensed Claims . 
( e . g . , by a cellular network provider ) . Additionally , in some 
wireless communication systems , such as Wi - Fi and Blu - 35 BRIEF DESCRIPTION OF THE DRAWINGS 
etooth wireless communication systems , wireless commu 
nication is performed on unlicensed frequency bands , such A better understanding of the present subject matter can 
as the 2 . 4 GHz ISM frequency band . be obtained when the following detailed description of the 

embodiments is considered in conjunction with the follow 
SUMMARY 40 ing drawings , in which : 

FIG . 1 illustrates an exemplary ( and simplified ) wireless 
Embodiments are presented herein of apparatuses , sys - communication system , according to some embodiments ; 

tems , and methods for performing cell measurements in FIG . 2 illustrates a base station ( BS ) in communication 
unlicensed frequency bands and / or channels on which sub - with a user equipment ( UE ) device , according to some 
stantial interference is possible , and of devices configured to 45 embodiments ; 
implement the methods . FIG . 3 illustrates an exemplary block diagram of a UE , 
While cellular network controlled frequency bands ( e . g . , according to some embodiments ; 

licensed bands ) may be subject to relatively little external FIG . 4 illustrates an exemplary block diagram of a BS , 
interference , unlicensed bands can be subject to interference according to some embodiments ; 
from other wireless communication technologies , among 50 FIG . 5 is a flowchart diagram illustrating an exemplary 
various possible sources . For example , Bluetooth , Wi - Fi , method for performing cell measurements in unlicensed 
and / or any of various other wireless communication tech - frequency bands , according to some embodiments ; 
nologies may be deployed on Industrial , Scientific , Medical FIG . 6 is a block diagram illustrating exemplary RSRP 
( ISM ) frequency bands such as those at 2 . 4 GHz or 5 GHz . measurement components according to one RSRP measure 
One possible way of measuring cell strength of a cell in 55 ment technique , according to some embodiments ; 

a cellular communication network may include autocorre - FIG . 7 is a block diagram illustrating exemplary possible 
lating reference symbol subcarriers of the cell . However , this RF measurement blocks in a wireless device front - end , 
technique may overestimate the strength of the cell if according to some embodiments ; and 
interference is present , since it may not differentiate between FIG . 8 illustrates conceptual components of various 
( at least a portion of ) interference power and signal power . 60 physical layer cell measurements , according to some 

Accordingly , as an alternate technique for measuring cell embodiments . 
strength of a cell in a cellular communication network , it While the features described herein may be susceptible to 
may be possible to cross - correlate reference symbol subcar - various modifications and alternative forms , specific 
riers of the cell in order to cancel interference terms . For embodiments thereof are shown by way of example in the 
example , a wireless device may construct a vector of refer - 65 drawings and are herein described in detail . It should be 
ence symbol subcarriers of a cell . The wireless device may understood , however , that the drawings and detailed descrip 
perform channel estimation on each element of the vector , tion thereto are not intended to be limiting to the particular 
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form disclosed , but on the contrary , the intention is to cover Internet devices , music players , data storage devices , or 
all modifications , equivalents and alternatives falling within other handheld devices , etc . In general , the term “ UE ” or 
the spirit and scope of the subject matter as defined by the “ UE device ” can be broadly defined to encompass any 
appended claims . electronic , computing , and / or telecommunications device 

5 ( or combination of devices ) which is easily transported by a 
DETAILED DESCRIPTION user and capable of wireless communication . 

Base Station — The term “ Base Station ” has the full Terms breadth of its ordinary meaning , and at least includes a The following is a glossary of terms used in this disclo wireless communication station installed at a fixed location sure : 

Memory Medium - Any of various types of non - transi and used to communicate as part of a wireless telephone 
system or radio system . tory memory devices or storage devices . The term “ memory 

medium ” is intended to include an installation medium , e . g . , Processing Element refers to various elements or com 
a CD - ROM , floppy disks , or tape device ; a computer system binations of elements . Processing elements include , for 
memory or random access memory such as DRAM , DDR 15 example , circuits such as an ASIC ( Application Specinc DRAM DDR 15 example , circuits such as an ASIC ( Application Specific 
RAM , SRAM , EDO RAM , Rambus RAM , etc . ; a non Integrated Circuit ) , portions or circuits of individual proces 
volatile memory such as a Flash , magnetic media , e . g . , a sor cores , entire processor cores , individual processors , 
hard drive , or optical storage ; registers , or other similar programmable hardware devices such as a field program 
types of memory elements , etc . The memory medium may mable gate array ( FPGA ) , and / or larger portions of systems 
include other types of non - transitory memory as well or 20 that include multiple processors . 
combinations thereof . In addition , the memory medium may Channel — a medium used to convey information from a 
be located in a first computer system in which the programs sender ( transmitter ) to a receiver . It should be noted that 
are executed , or may be located in a second different since characteristics of the term “ channel ” may differ 
computer system which connects to the first computer according to different wireless protocols , the term “ channel ” 
system over a network , such as the Internet . In the latter 25 as used herein may be considered as being used in a manner 
instance , the second computer system may provide program that is consistent with the standard of the type of device with 
instructions to the first computer for execution . The term reference to which the term is used . In some standards , 
" memory medium ” may include two or more memory channel widths may be variable ( e . g . , depending on device 
mediums which may reside in different locations , e . g . , in capability , band conditions , etc . ) . For example , LTE may 
different computer systems that are connected over a net - 30 support scalable channel bandwidths from 1 . 4 MHz to 20 
work . The memory medium may store program instructions MHz . In contrast , WLAN channels may be 22 MHz wide 
( e . g . , embodied as computer programs ) that may be while Bluetooth channels may be 1 Mhz wide . Other pro 
executed by one or more processors . tocols and standards may include different definitions of 

Carrier Medium - a memory medium as described above , channels . Furthermore , some standards may define and use 
as well as a physical transmission medium , such as a bus , 35 multiple types of channels , e . g . , different channels for uplink 
network , and / or other physical transmission medium that or downlink and / or different channels for different uses such 
conveys signals such as electrical , electromagnetic , or digi - as data , control information , etc . 
tal signals . Band — The term “ band ” has the full breadth of its ordi 
Programmable Hardware Element — includes various nary meaning , and at least includes a section of spectrum 

hardware devices comprising multiple programmable func - 40 ( e . g . , radio frequency spectrum ) in which channels are used 
tion blocks connected via a programmable interconnect . or set aside for the same purpose . 
Examples include FPGAs ( Field Programmable Gate Automatically — refers to an action or operation per 
Arrays ) , PLDs ( Programmable Logic Devices ) , FPOAs formed by a computer system ( e . g . , software executed by the 
( Field Programmable Object Arrays ) , and CPLDs ( Complex computer system ) or device ( e . g . , circuitry , programmable 
PLDs ) . The programmable function blocks may range from 45 hardware elements , ASICs , etc . ) , without user input directly 
fine grained ( combinatorial logic or look up tables ) to coarse specifying or performing the action or operation . Thus the 
grained ( arithmetic logic units or processor cores ) . A pro - term “ automatically ” is in contrast to an operation being 
grammable hardware element may also be referred to as manually performed or specified by the user , where the user 
“ reconfigurable logic ” . provides input to directly perform the operation . An auto 

Computer System any of various types of computing or 50 matic procedure may be initiated by input provided by the 
processing systems , including a personal computer system user , but the subsequent actions that are performed “ auto 
( PC ) , mainframe computer system , workstation , network matically " are not specified by the user , i . e . , are not per 
appliance , Internet appliance , personal digital assistant formed “ manually ” , where the user specifies each action to 
( PDA ) , television system , grid computing system , or other perform . For example , a user filling out an electronic form 
device or combinations of devices . In general , the term 55 by selecting each field and providing input specifying infor 
" computer system ” can be broadly defined to encompass any mation ( e . g . , by typing information , selecting check boxes , 
device ( or combination of devices ) having at least one radio selections , etc . ) is filling out the form manually , even 
processor that executes instructions from a memory though the computer system must update the form in 
medium . response to the user actions . The form may be automatically 
User Equipment ( UE ) ( or “ UE Device ” ) — any of various 60 filled out by the computer system where the computer 

types of computer systems devices which are mobile or system ( e . g . , software executing on the computer system ) 
portable and which performs wireless communications . analyzes the fields of the form and fills in the form without 
Examples of UE devices include mobile telephones or smart any user input specifying the answers to the fields . As 
phones ( e . g . , iPhoneTM , AndroidTM - based phones ) , portable indicated above , the user may invoke the automatic filling of 
gaming devices ( e . g . , Nintendo DSTM , PlayStation Por - 65 the form , but is not involved in the actual filling of the form 
tableTM , Gameboy AdvanceTM , iPhoneTM ) , wearable devices ( e . g . , the user is not manually specifying answers to fields 
( e . g . , smart watch , smart glasses ) , laptops , PDAs , portable but rather they are being automatically completed ) . The 
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present specification provides various examples of opera Note that a UE 106 may be capable of communicating 
tions being automatically performed in response to actions using multiple wireless communication standards . For 
the user has taken . example , a UE 106 might be configured to communicate 
FIGS . 1 and 2 — Communication System using two or more of GSM , UMTS , CDMA2000 , WiMAX , 

FIG . 1 illustrates an exemplary ( and simplified ) wireless 5 LTE , LTE - A , WLAN , Bluetooth , one or more global navi 
communication system , according to some embodiments . It gational satellite systems ( GNSS , e . g . , GPS or GLONASS ) , 
is noted that the system of FIG . 1 is merely one example of one and / or more mobile television broadcasting standards 
a possible system , and embodiments may be implemented in ( e . g . , ATSC - M / H or DVB - H ) , etc . Other combinations of 
any of various systems , as desired . wireless communication standards ( including more than two 
As shown , the exemplary wireless communication system 10 wireless communication standards ) are also possible . 

includes a base station 102A which communicates over a FIG . 2 illustrates user equipment 106 ( e . g . , one of the 
transmission medium with one or more user devices 106A , devices 106A through 106N ) in communication with a base 
106B , etc . , through 106N . Each of the user devices may be station 102 ( e . g . , one of the base stations 102A through 
referred to herein as a “ user equipment ” ( UE ) . Thus , the user 102N ) , according to some embodiments . The UE 106 may 
devices 106 are referred to as UEs or UE devices . 15 be a device with cellular communication capability such as 

The base station 102A may be a base transceiver station a mobile phone , a hand - held device , a computer or a tablet , 
( BTS ) or cell site , and may include hardware that enables or virtually any type of wireless device . 
wireless communication with the UEs 106A through 106N . The UE 106 may include a processor that is configured to 
The base station 102A may also be equipped to communi - execute program instructions stored in memory . The UE 106 
cate with a network 100 ( e . g . , a core network of a cellular 20 may perform any of the method embodiments described 
service provider , a telecommunication network such as a herein by executing such stored instructions . Alternatively , 
public switched telephone network ( PSTN ) , and / or the Inter - or in addition , the UE 106 may include a programmable 
net , among various possibilities ) . Thus , the base station hardware element such as an FPGA ( field - programmable 
102A may facilitate communication between the user gate array ) that is configured to perform any of the method 
devices and / or between the user devices and the network 25 embodiments described herein , or any portion of any of the 
100 . method embodiments described herein . 

The communication area ( or coverage area of the base In some embodiments , the UE 106 may be configured to 
station may be referred to as a " cell . ” The base station 1024 communicate using any of multiple radio access technolo 
and the UEs 106 may be configured to communicate over the gies / wireless communication protocols . For example , the 
transmission medium using any of various radio access 30 UE 106 may be configured to communicate using two or 
technologies ( RATS ) , also referred to as wireless communi more of GSM , UMTS , CDMA2000 , LTE , LTE - A , WLAN / 
cation technologies , or telecommunication standards , such Wi - Fi , or GNSS . Other combinations of wireless commu 
as GSM , UMTS ( WCDMA , TD - SCDMA ) , LTE , LTE - Ad - nication technologies are also possible . 
vanced ( LTE - A ) , 3GPP2 CDMA2000 ( e . g . , 1xRTT , 1xEV The UE 106 may include one or more antennas for 
DO , HRPD , HRPD ) , Wi - Fi , WiMAX etc . 35 communicating using one or more wireless communication 

Additionally , one or more access points ( such as access protocols or technologies . In one embodiment , the UE 106 
point 104 ) may be communicatively coupled to the network might be configured to communicate using either of 
100 . These may include Wi - Fi access points configured to CDMA2000 ( 1xRTT / 1xEV - DO / HRPD / eHRPD ) or LTE 
support cellular network offloading and / or otherwise pro - using a single shared radio and / or GSM or LTE using the 
vide wireless communication services as part of the wireless 40 single shared radio . The shared radio may couple to a single 
communication system illustrated in FIG . 1 . antenna , or may couple to multiple antennas ( e . g . , for 

Base station 102A and other similar base stations ( such as MIMO ) for performing wireless communications . In gen 
base stations 102B . . . 102N ) and / or access points ( such as eral , a radio may include any combination of a baseband 
access point 104 ) operating according to the same or a processor , analog RF signal processing circuitry ( e . g . , 
different wireless communication standard may thus be 45 including filters , mixers , oscillators , amplifiers , etc . ) , or 
provided as a network of cells , which may provide continu - digital processing circuitry ( e . g . , for digital modulation as 
ous or nearly continuous overlapping service to UEs well as other digital processing ) . Similarly , the radio may 
106A - N and similar devices over a wide geographic area via implement one or more receive and transmit chains using the 
one or more wireless communication standards . aforementioned hardware . For example , the UE 106 may 

Thus , while base station 102A may act as a " serving cell ” 50 share one or more parts of a receive and / or transmit chain 
for UEs 106A - N as illustrated in FIG . 1 , each UE 106 may between multiple wireless communication technologies , 
also be capable of receiving signals from ( and possibly such as those discussed above . 
within communication range of ) one or more other cells In some embodiments , the UE 106 may include separate 
( which might be provided by base stations 102B - N and / or transmit and / or receive chains ( e . g . , including separate RF 
any other base stations ) and / or wireless local area networks 55 and / or digital radio components ) for each wireless commu 
( WLANs ) , which may be referred to as “ neighboring cells ” nication protocol with which it is configured to communi 
or “ neighboring WLANs ” ( e . g . , as appropriate ) , and / or more cate . As a further possibility , the UE 106 may include one or 
generally as “ neighbors ” . Such neighbors may also be more radios which are shared between multiple wireless 
capable of facilitating communication between user devices communication protocols , and one or more radios which are 
and / or between user devices and the network 100 . Such 60 used exclusively by a single wireless communication pro 
neighbors may include " macro " cells , “ micro " cells , “ pico ” tocol . For example , the UE 106 might include a shared radio 
cells , “ femto " cells , WLANs , and / or cells which provide any for communicating using either of LTE or 1xRTT ( or LTE or 
of various other granularities of service area size . For GSM ) , and separate radios for communicating using each of 
example , base stations 102A - B illustrated in FIG . 1 might Wi - Fi and Bluetooth . Other configurations are also possible . 
provide macro cells , base station 102N might provide a 65 FIG . 3 — Exemplary Block Diagram of a UE 
micro cell , and access point 104 might be a Wi - Fi AP which FIG . 3 illustrates an exemplary block diagram of a UE 
provides a WLAN . Other configurations are also possible . 106 , according to some embodiments . As shown , the UE 106 
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may include a system on chip ( SOC ) 300 , which may The core network may provide mobility related services 
include portions for various purposes . For example , as and / or other services to a plurality of devices , such as UE 
shown , the SOC 300 may include processor ( s ) 302 which devices 106 . In some cases , the network port 470 may 
may execute program instructions for the UE 106 and couple to a telephone network via the core network , and / or display circuitry 304 which may perform graphics process - 5 - 5 the core network may provide a telephone network ( e . g . , ing and provide display signals to the display 360 . The among UE devices serviced by the cellular service provider ) . processor ( s ) 302 may also be coupled to memory manage 
ment unit ( MMU ) 340 , which may be configured to receive The base station 102 may include at least one antenna 
addresses from the processor ( s ) 302 and translate those 434 , and possibly multiple antennas . The antenna ( s ) 434 
addresses to locations in memory ( e . g . , memory 306 , read may be configured to operate as a wireless transceiver and 
only memory ( ROM ) 350 , NAND flash memory 310 ) and / or 1 may be further configured to communicate with UE devices 
to other circuits or devices , such as the display circuitry 304 , 106 via radio 430 . The antenna ( s ) 434 communicates with 
wireless communication circuitry 330 , connector I / F 320 , the wireless communication circuitry 430 via communica 
and / or display 360 . The MMU 340 may be configured to tion chain 432 . Communication chain 432 may be a receive perform memory protection and page table translation or set a chain , a transmit chain or both . The radio 430 may be up . In some embodiments , the MMU 340 may be included 15 configured to communicate via various wireless telecom as a portion of the processor ( s ) 302 . 

As shown , the SOC 300 may be coupled to various other munication standards , including , but not limited to , LTE , 
circuits of the UE 106 . For example , the UE 106 may LTE - A , UMTS , CDMA2000 , Wi - Fi , etc . 
include various types of memory ( e . g . , including NAND The BS 102 may be configured to communicate wire 
flash 310 ) , a connector interface 320 ( e . g . , for coupling to a 20 lessly using multiple wireless communication standards . In 
computer system , dock , charging station , etc . ) , the display some instances , the base station 102 may include multiple 
360 , and wireless communication circuitry ( e . g . , radio ) 330 radios , which may enable the base station 102 to commu 
( e . g . , for LTE , Wi - Fi , GPS , etc . ) . nicate according to multiple wireless communication tech 

The UE device 106 may include at least one antenna , and nologies . For example , as one possibility , the base station 
in some embodiments multiple antennas , for performing 25 102 may include an LTE radio for performing communica 
wireless communication with base stations and / or other tion according to LTE as well as a Wi - Fi radio for perform 
devices . For example , the UE device 106 may use antenna ( s ) ing communication according to Wi - Fi . In such a case , the 
335 to perform the wireless communication . As noted above , base station 102 may be capable of operating as either or 
the UE 106 may be configured to communicate wirelessly both of an LTE base station and a Wi - Fi access point . As 
using multiple wireless communication standards in some 30 another possibility , the base station 102 may include a 
embodiments . multi - mode radio which is capable of performing commu 

As described further subsequently herein , the UE 106 nications according to any of multiple wireless communi 
may include hardware and software components for imple - cation technologies ( e . g . , LTE and Wi - Fi ) . 
menting part or all of the methods described herein . The T he BS 102 may include hardware and software compo 
processor 302 of the UE device 106 may be configured to 35 nents for implementing part or all of the methods described 
implement part or all of the methods described herein , e . g . , herein . The processor 404 of the base station 102 may be 
by executing program instructions stored on a memory configured to implement part or all of the methods described 
medium ( e . g . , a non - transitory computer - readable memory herein , e . g . , by executing program instructions stored on a 
medium ) . In other embodiments , processor 302 may be memory medium ( e . g . , a non - transitory computer - readable 
configured as a programmable hardware element , such as an 40 memory medium ) . Alternatively , the processor 404 may be 
FPGA ( Field Programmable Gate Array ) , or as an ASIC configured as a programmable hardware element , such as an 
( Application Specific Integrated Circuit ) . Alternatively ( or FPGA ( Field Programmable Gate Array ) , or as an ASIC 
in addition ) the processor 302 of the UE device 106 , in ( Application Specific Integrated Circuit ) , or a combination 
conjunction with one or more of the other components 300 , thereof . Alternatively ( or in addition ) the processor 404 of 
304 , 306 , 310 , 320 , 330 , 335 , 340 , 350 , 360 may be 45 the BS 102 , in conjunction with one or more of the other 
configured to implement part or all of the features described components 430 , 432 , 434 , 440 , 450 , 460 , 470 may be 
herein . configured to implement part or all of the features described 
FIG . 4 - Exemplary Block Diagram of a Base Station herein . 

FIG . 4 illustrates an exemplary block diagram of a base FIG . 5 — Flowchart 
station 102 , according to some embodiments . It is noted that 50 FIG . 5 is a flowchart diagram illustrating a method for 
the base station of FIG . 4 is merely one example of a performing cell measurements , according to some embodi 
possible base station . As shown , the base station 102 may m ents . The method may suppress inaccuracy which might 
include processor ( s ) 404 which may execute program otherwise be introduced by interference , and which might 
instructions for the base station 102 . The processor ( s ) 404 cause cell strength to be overestimated . Accordingly , the 
may also be coupled to memory management unit ( MMU ) 55 method may be particularly suitable for use in channels on 
440 , which may be configured to receive addresses from the which interference may be reasonably expected , such as 
processor ( s ) 404 and translate those addresses to locations in channels in unlicensed frequency bands , at least in some 
memory ( e . g . , memory 460 and read only memory ( ROM ) instances . The method may also be used in other applica 
450 ) or to other circuits or devices . tions ( e . g . , in licensed frequency bands in which interference 

The base station 102 may include at least one network 60 may be more tightly controlled and thus limited , at least in 
port 470 . The network port 470 may be configured to couple some instances ) , as desired . Aspects of the method of FIG . 
to a telephone network and provide a plurality of devices , 5 may be implemented by a wireless user equipment ( UE ) 
such as UE devices 106 , access to the telephone network as device , or more generally in conjunction with any of the 
described above in FIGS . 1 and 2 . computer systems or devices shown in the above Figures , 

The network port 470 ( or an additional network port ) may 65 among other devices , as desired . 
also or alternatively be configured to couple to a cellular In various embodiments , some of the elements of the 
network , e . g . , a core network of a cellular service provider . method shown may be performed concurrently , in a different 
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order than shown , or may be omitted . Additional elements In such embodiments , the UE may also report the cell 
may also be performed as desired . As shown , the method strength as calculated in the second manner to the base 
may operate as follows . station . The two calculated cell strength values may be 

In 502 , a reference symbol vector may be defined for a provided in any of various manners . For example each 
cell . Each respective element of the reference symbol vector 5 calculated cell strength value may be provided as an abso 
may include or represent a respective subcarrier of the cell lute value ( i . e . , without reference to the each other ) , as one 
which carries a respective reference symbol ( e . g . , a cell - possibility , or one calculated cell strength value may be 
specific reference symbol ) . The cell may be on a channel in provided and a difference between the calculated cell 
an unlicensed frequency band , in some instances . strength values may be provided as an indication of the other 

If desired , the elements of the reference symbol vector 10 calculated cell strength value , as another possibility . 
Note that part or all of the method of FIG . 5 may be may include subcarriers from multiple different OFDM repeated as desired . For example , a UE might repeat ( or 

symbols . For example , in an exemplary LTE system , refer simultaneously perform ) the method of FIG . 5 for each of ence symbols might be found at subcarriers 0 and 6 of the multiple cells in a measurement set on which the UE is first OFDM symbol ( symbol 0 ) of each slot , and at subcar ar tasked with performing cell measurements at a particular 
riers 3 and 9 of the fifth OFDM symbol ( symbol 4 ) of each 15 time . As another ( alternate or additional ) possibility , a UE 
slot . In this case , by including the reference symbol carrying might repeat the method of FIG . 5 on an occasional ( e . g . , 
subcarriers of both OFDM symbols 0 and 4 , the potential periodic ) temporal basis , for example in order to maintain a 
impact of frequency selectivity may be reduced , for example current or recent cell strength estimate for a particular cell on 
as compared to a scenario in which only the subcarriers an ongoing basis . Furthermore , at least in some instances , 
and 6 from OFDM symbol 1 are used in the reference 20 such previous cell strength estimates for a cell may be used 
symbol vector . as part of a time - domain averaging technique , such as 

In 504 , channel estimation may be performed at each previously described herein . 
respective element of the reference symbol vector . This may FIGS . 6 - 8 — Additional Information 
include , for each respective element , multiplying a signal FIGS . 6 - 8 and the information provided herein below in 
received at the respective subcarrier of the element by a 25 conjunction therewith are provided by way of example of 
conjugate of the respective reference symbol carried by the various considerations and details relating to possible sys 
respective subcarrier . tems in which the method of FIG . 5 and / or other aspects of 

In 506 , a cell strength of the cell may be calculated in a this disclosure may be implemented , and are not intended to 
be limiting to the disclosure as a whole . Numerous varia first manner . As a particular example , the cell strength tions and alternatives to the details provided herein below calculation may be a reference signal received power 30 are possible and should be considered within the scope of the ( RSRP ) calculation in an LTE communication system . Alter disclosure . nate cell strength calculations are also possible . In 3GPP cellular networks , the traffic growth can be 

The first manner of cell strength calculation may include difficult to address with the licensed spectrum currently 
cross - correlating channel estimates of different elements of available for LTE systems in many urban markets . 5 GHz a 
the reference symbol vector . Such cross - correlation may 35 and other license - free bands represent possible additional 
substantially reduce ( cancel ) the effect of interference and spectrum to augment their service offerings . At least in some 
noise on the cell strength calculation . If applicable and instances , unlicensed spectrum may not match the qualities 
desired , the cell strength sub - calculations may be performed of licensed spectrum . Solutions that allow an efficient use of 
on per - path ( e . g . , based on the number of transmit and unlicensed spectrum , for example as a complement to 
receive antennas ) bases and combined ( in a weighted or 40 licensed deployments may be of valve . As one possibility , 
linear manner , as desired ) to produce an averaged cell the LTE RAT may be deployed into unlicensed deployments : strength estimate . Additionally or alternatively , if desired , 5 GHz and other license - free bands may be used to deploy long term averaging in the time domain may also be per LTE as carrier aggregation complements to licensed band 
formed . An exponential or linear window may be used in communication , or as stand alone LTE deployments . 
such a case , among various possibilities . At least in some 45 One aspect of LTE communication is the use of LTE 
instances , an exponential window may at least partially measurements . LTE measurements may provide cell specific 
smooth the potentially bursty nature of Wi - Fi interference , signal strength metrics . According to some embodiments , 
for example . these measurements may be used to rank different LTE At least in some instances , the calculated cell strength ( s ) candidate cells according to their signal strength , for 
may be reported ( e . g . , among various other possible cell 50 example for handover and cell re - selection decisions . As one 
measurements ) to a base station . For example , a UE may example , RSRP may be used to measure the average occasionally ( e . g . , periodically , or upon request ) transmit a received power over the resource elements that carry cell cell measurement report including cell strength measure specific reference signals within a certain frequency band 
ments obtained via the method of FIG . 5 to a serving base width . As another example , reference signal received quality 
station of the UE . The cell measurements may be used for 55 ( RSRO ) may be a carrier - to - interference ( C / I ) type of mea 
any of various purposes , such as link adaptation , cell re surement which indicates the quality of the received refer 
selection , handover , etc . ence signal . The RSRQ measurement may be used , at least 

In some embodiments , the UE may also calculate the cell in some embodiments , to provide additional information strength of the cell in a second manner . For example , when RSRP is not sufficient to make a reliable handover or 
reference symbol subcarriers of the cell may be autocorre - 60 cell re - selection decision . RSRO may be defined by ( at least 
lated according to the second manner of cell strength cal some versions of ) the 3GPP specification as : culation . In the absence of interference , this may provide a 
similar result as the first manner of cell strength calculation ; 
in the presence of interference , this may result in a higher 

RSRO = N estimated cell strength than the first manner of cell strength 65 
calculation , where the difference may be representative of 
the interference present in the cell . 

RSRP 
RSS 
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where RSSI is received signal strength indicator and N is the Additionally , long term averaging in time domain ( e . g . , 
number of resource blocks over which the measurement is 100 - 200 ms or any other length of time ) may be used , for 
performed . example to reduce the time domain variations . Furthermore , 

FIG . 6 is a block diagram illustrating exemplary RSRP an exponential time window may be used , e . g . , to smooth 
measurement components according to one possible RSRP 5 out the potentially bursty nature of WiFi interference . 
measurement technique . As shown , in phase ( I ) and quadra - The following is provided as a more detailed example of 
ture ( Q ) signals received in the time domain may be pro - a possible improved RSRP measurement technique . Note 
vided to a Fast Fourier Transform ( FFT ) block . The pilot that variations and alternatives to the below - provided 
tones ( reference symbol carrying subcarriers ) for each ref - example are also possible . 
erence symbol may be used , in conjunction with the appro - 10 As a first step , the channel at subcarrier k and from 
priate reference symbol for each pilot tone , to perform least transmit antenna m and receive antenna 1 , where Y is the 
squares ( LS ) channel estimation in the frequency domain . A received signal and R is the reference symbol at subcarrier 
finite impulse response ( FIR ) filter may then be applied and k , may be estimated as : 
the results averaged to produce an RSRP measurement . 

FIG . 7 is a block diagram illustrating exemplary possible 15 HZs ! ( k ) - Yin ( k ) R , ( k ) * 
RF measurement blocks in a wireless device front - end , The RSRP may then be computed as ( where n is the 
according to some embodiments . As shown , signals may be OFDM symbol index and i is the cell ID ) : 
received on each antenna of the wireless device and pro 
vided to a respective RF front - end block . Signals may be 
provided from there to symbol demodulators , with take - offs 20 1 17 
for RSRP / RSRQ measurements and frequency tracking loop S um him ( k + 1 , n ) " x Huly ( k , n ) , i = 1 , 2 . . . , Mc 
( FTL ) and reference symbol ( RS ) signal to interference plus 
noise ratio ( SINR ) estimation . From the symbol demodula P1 ( i ) = Po ( i ) + P11 ( 1 ) 
tors , signals may be provided to decoders , with a take - off for RSRP ( I ) = Abs { combiner ( Po ( i ) + P1 ( 0 ) ) } 
post detected SINR estimation . Decoded data may then be 25 
provided to higher layers for further processing . 

As previously noted , LTE deployments in unlicensed Thus , the channel estimates at the pilot tones forming the 
frequency bands ( “ LTE - U ” ) may be a useful option for reference symbol vector may be crossed with each other , 
carriers to improve their service offerings . As one possible which may serve to cancel Wi - Fi ( or other interference at 
implementation of such a system , a network may configure 30 each reference symbol which may not be cancelled if 
a primary carrier ( PCell ) in a licensed band and a secondary autocorrelation of each reference symbol is performed 
carrier ( SCell ) in an unlicensed band . The primary carrier instead ( e . g . , as may be performed in some RSRP calcula 
may be used to schedule communications and communicate tions ) . Note that the combiner function may be either a 
data , while the secondary carrier may be used to commu - weighted average ( e . g . , based on the signal strength per 
nicate data ( e . g . , according to scheduling communicated by 35 path / antenna ) or a simple linear average . 
way of the primary carrier ) . In such a case , the secondary In some instances , it may further be desirable to calculate 
carrier may coexist with WLAN and / or other communica - RSRP in multiple ways and report the difference between the 
tions over which the network may not have control . results to the network . For example , the difference between 
When LTE - U and Wi - Fi are operating in the same fre - RSRP as calculated in the above example and RSRP as 

quency range , various techniques may be possible to enable 40 calculated by correlating each reference symbol with itself 
effective coexistence between the technologies . However , may be reported as a bias in a measurement report . Since the 
when an LTE - U device performs inter - frequency measure - difference between the RSRP as computed according to the 
ments in other ( neighboring ) frequencies , the device may different algorithms may be substantially representative of 
not be able to determine whether or not these frequencies are the amount of interference present in the cell , this may be a 
interference - free . In such conditions , measurements which 45 useful metric to networks to improve LTE - U deployments . 
do not account for the possibility of significant interference Alternatively , RSRP may simply be calculated in the above 
may lead to non - predictive mobility behavior in the LTE - U described manner and reported to the network without 
space . reference to alternate methods of calculating RSRP . 

Accordingly , an improved RSRP measurement algorithm FIG . 8 illustrates conceptual components of various 
may be provided for scenarios in which interference may be 50 physical layer cell measurements such as RSRP and RSRQ 
present , such as in unlicensed deployments . The method when performed in an unlicensed frequency band , according 
may not use channel estimation in the same manner as to some embodiments . As shown , P 810 may represent the 
alternate RSRP measurement techniques ( e . g . , the FIR filter power of the reference symbol provided by the serving cell 
illustrated in FIG . 6 may be bypassed ) . This may improve ( or more generally , the cell being measured ) . Po 820 may 
the accuracy in case of interference . 55 represent the power of the data symbols provided by the 

Additionally , in order to overcome any degradation from serving cell ( or more generally , the cell being measured ) . P , 
frequency selectivity of fading channels , the received ref - 830 may represent interference from adjacent cells ( e . g . , 
erence symbols ( RSs ) from symbols 0 and symbols 4 may be other LTE - U cells and / or Wi - Fi networks ) . 
combined in one vector . In such a case the calculation may While correlating a reference symbol with itself may 
include a RS from every 3 subcarriers ( e . g . , rather than every 60 cancel interference caused by orthogonal transmissions such 
6 subcarriers ) , which may reduce the impact of frequency as may be performed by other LTE cells , Wi - Fi signals may 
selectivity . not be suppressed by such calculations . Thus , calculating 

In the case of interference and high noise ( e . g . , such as in RSRP in such a manner may result in a inaccurately high 
a channel of an unlicensed band in which Wi - Fi may be RSRP value ( and RSRQ value ) , since the unsuppressed 
present ) , this method may improve rejection of noise + 65 interference may be measured as part of Ps 810 . This may 
interference by 6 dB or more , e . g . , with respect to at least also be expressed as follows , where alpha represents the 
some previously used RSRP measurement techniques . proportion of interference that is not suppressed in RSRP 
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measurements when self - correlation rather than cross - cor read and execute the program instructions from the memory 
relation is used to calculate RSRP : medium , where the program instructions are executable to 

implement any of the various method embodiments 
described herein ( or , any combination of the method 

1 RSSIPs + PD + P Ps + PD + PL embodiments described herein , or , any subset of any of the 
RSRO " N . RSRP Ps - Ps + aP , RSRQinaccurate method embodiments described herein , or , any combination 

of such subsets ) . The device may be realized in any of 
In the following further exemplary embodiments are various forms . 

provided . Although the embodiments above have been described in 
One set of embodiments may include a method for considerable detail , numerous variations and modifications 

performing cell measurements , comprising : defining a ref will become apparent to those skilled in the art once the 
erence symbol vector for a cell , wherein each respective above disclosure is fully appreciated . It is intended that the 
element of the reference symbol vector comprises a respec following claims be interpreted to embrace all such varia 
tive subcarrier of the cell which carries a respective refer - 15 tions and modifications . 
ence symbol ; estimating the channel at each respective 
element of the reference symbol vector ; and calculating a What is claimed is : 
cell strength of the cell by cross - correlating channel esti 1 . A method for a wireless user equipment ( UE ) device to 
mates of different elements of the reference symbol vector . perform cell measurements , comprising : 

According to some embodiments , estimating the channel 20 by the UE device : 
at a respective element of the reference symbol vector defining a reference symbol vector for a cell , wherein 
comprises multiplying a signal received at the respective each respective element of the reference symbol 
subcarrier of the element by a conjugate of the respective vector comprises a respective subcarrier of the cell 
reference symbol carried by the respective subcarrier . that carries a respective reference symbol ; 

In some embodiments , the reference symbol vector com - 25 performing channel estimation at each respective ele 
prises elements corresponding to subcarriers comprised in a ment of the reference symbol vector ; 
plurality of OFDM symbols of a subframe of the cell . estimating a cell strength of the cell in a first manner by 

According to some embodiments , the cell is on a channel cross - correlating channel estimates of different ele 
in an unlicensed frequency band . ments of the reference symbol vector . 
An additional exemplary embodiment may include a 30 2 . The method of claim 1 , 

wireless user equipment ( UE ) device , comprising : a radio ; wherein performing channel estimation at a respective 
and an processing element operably coupled to the radio ; element of the reference symbol vector comprises 
wherein the UE is configured to implement any or all parts multiplying a signal received at the respective subcar 
of any of the methods of the preceding examples . rier of the element by a conjugate of the respective 

A further exemplary set of embodiments may include a 35 reference symbol carried by the respective subcarrier . 
non - transitory computer accessible memory medium com 3 . The method of claim 1 , 
prising program instructions which , when executed at a wherein the reference symbol vector comprises elements 
device , cause the device to implement any or all parts of any corresponding to subcarriers comprised in a plurality of 
of the methods of the preceding examples . orthorgonal frequency - division multiplexing ( OFDM ) 

A still further exemplary set of embodiments may include 40 symbols of a subframe of the cell . 
a computer program comprising instructions for performing 4 . The method of claim 1 , 
any or all parts of any of the methods of the preceding wherein the cell is on a channel in an unlicensed fre 
examples . quency band . 

Yet another exemplary set of embodiments may include 5 . The method of claim 1 , further comprising : 
an apparatus comprising means for performing any or all of 45 estimating cell strength of each of a plurality of cells in 
the method elements of any of the preceding examples . the first manner by cross - correlating channel estimates 

Embodiments of the present disclosure may be realized in of different elements of respective reference symbol 
any of various forms . For example some embodiments may vectors for each of the plurality of cells . 
be realized as a computer - implemented method , a computer 6 . The method of claim 1 , further comprising : 
readable memory medium , or a computer system . Other 50 estimating the cell strength of the cell in a second manner 
embodiments may be realized using one or more custom by autocorrelating channel estimates of subcarriers of 
designed hardware devices such as ASICs . Still other the cell which carry reference symbols 
embodiments may be realized using one or more program 7 . The method of claim 6 , further comprising : 
mable hardware elements such as FPGAs . reporting a difference between the cell strength of the cell 

In some embodiments , a non - transitory computer - read - 55 estimated in the first manner and the cell strength of the 
able memory medium may be configured so that it stores cell estimated in the second manner to a serving cell of 
program instructions and / or data , where the program the UE device . 
instructions , if executed by a computer system , cause the 8 . The method of claim 1 , 
computer system to perform a method , e . g . , any of a method wherein the cell operates according to Long - Term Evo 
embodiments described herein , or , any combination of the 60 l ution ( LTE ) , wherein the cell strength estimation is an 
method embodiments described herein , or , any subset of any estimation of reference signal received power ( RSRP ) 
of the method embodiments described herein , or , any com of the cell . 
bination of such subsets . 9 . The method of claim 1 , 

In some embodiments , a device ( e . g . , a UE 106 ) may be wherein cross - correlating channel estimates of different 
configured to include a processor ( or a set of processors ) and 65 elements of the reference symbol vector is configured 
a memory medium , where the memory medium stores to reduce at least one of interference and noise effects 
program instructions , where the processor is configured to from the cell strength estimated in the first manner . 
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10 . A wireless user equipment ( UE ) device , comprising : 16 . The UE device of claim 15 , 
a radio ; and wherein the time - domain averaging is performed using an 
a processing element operably coupled to the radio ; exponential time window . 
wherein the radio and the processing element are config 17 . A non - transitory computer accessible memory 

ured to : 5 medium comprising program instructions which , when 
executed at a device , cause the device to : calculate cell strength of a first cell , wherein the cell define a reference symbol vector for a cell , wherein each strength of the first cell is calculated at least in part respective element of the reference symbol vector 

by cross - correlating channel estimates of different corresponds to a respective subcarrier of the cell that 
reference symbol subcarriers of the first cell ; and carries a respective reference symbol ; 

provide an indication of the calculated cell strength of perform channel estimation at each respective element of 
the first cell to a serving cell of the UE device . the reference symbol vector ; 

11 . The UE device of claim 10 , wherein the radio and the estimate a cell strength of the cell in a first manner by 
processing element are further configured to : cross - correlating channel estimates of different ele 

define a reference symbol vector for the first cell , wherein 15 ments of the reference symbol vector ; and 
each respective element of the reference symbol vector provide an indication of the cell strength of the cell as 
comprises a respective subcarrier of the cell that carries estimated in the first manner to a serving cell of the 

device . a respective reference symbol , 
wherein cross - correlating channel estimates of different 18 . The memory medium of claim 17 , 

reference symbol subcarriers of the first cell comprises 20 wherein the cell is deployed on a channel in an unlicensed 
cross - correlating channel estimates of elements of the frequency band , 
reference symbol vector with each other . wherein cell strength of the cell is estimated in the first 

12 . The UE device of claim 10 , wherein to calculate the manner based at least in part on the cell being deployed 
cell strength of the first cell , the radio and the processing on a channel in an unlicensed frequency band . 
element are further configured to : 19 . The memory medium of claim 17 , wherein when 

perform cell strength sub - calculations on a per path basis 25 executed at the device , the program instructions further 
based on a number of transmit and receive antennas of cause the device to : 
the first cell and the UE ; and estimate the cell strength of the cell in a second manner 

average the per path cell strength sub - calculations to by autocorrelating channel estimates of different ele 
produce an average cell strength estimate . ments of the reference symbol vector ; and 

13 . The UE device of claim 12 , transmit an indication of the cell strength of the cell as 
wherein the per path cell strength sub - calculations are estimated in the second manner to the serving cell of 

the device . averaged in a linear manner . 
14 . The UE device of claim 12 , 20 . The memory medium of claim 17 , 
wherein the per path cell strength sub - calculations are 25 wherein the cell operates according to Long - Term Evo 

lution ( LTE ) , averaged in a weighted manner . 
15 . The UE device of claim 10 , wherein the radio and the wherein the reference symbol vector comprises elements 

processing element are further configured to : corresponding to reference symbol subcarriers com 
perform time - domain averaging of cell strength sub prised at least in orthogonal frequency - division multi 

calculations performed at different times to calculate plexing ( OFDM ) symbols 0 and 4 of the cell . 
the cell strength of the first cell . * * * * * 

30 


