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(57) ABSTRACT 

Disclosed is a method and corresponding apparatus to make 
use of hybrid-ARQ repetition factors as a way to differen 
tiate service quality to various mobile terminals. Depending 
on a mobile terminals subscription service class, such as the 
mobile terminal's PLMN, the mobile terminal may be made 
to use a particular hybrid-ARQ repetition factor. For 
instance, a mobile terminal of a high service class may be 
made to use a low hybrid-ARQ repetition factor, which may 
help the mobile terminal experience less downlink transmis 
sion delay and thus a higher downlink data rate. Whereas, a 
mobile terminal of a low service class may be made to use 
a high hybrid-ARQ repetition factor, which may cause the 
mobile terminal to experience more downlink transmission 
delay and thus a lower downlink data rate, and may further 
free up downlink transmission resources to facilitate better 
service for other mobile terminals. 

14 Claims, 7 Drawing Sheets 
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DYNAMIC PROVISION OF HYBRID-ARQ 
REPETITION FACTOR BASED ON 
SUBSCRIPTION SERVICE CLASS 

REFERENCE TO RELATED APPLICATION 

This is a divisional of U.S. patent application Ser. No. 
14/041,885, filed Sep. 30, 2013, the entirety of which is 
hereby incorporated by reference. 

BACKGROUND 

Unless otherwise indicated herein, the description in this 
section is not prior art to the claims and is not admitted to 
be prior art by inclusion in this section. 

In a typical cellular wireless communication system, the 
air interface between a base station and served mobile 
terminals may define a downlink (or “forward link”) for 
carrying communications from the base station to the mobile 
terminals and an uplink (or “reverse link”) for carrying 
communications from the mobile terminals to the base 
station. In various implementations, these links may be 
defined on or more carrier frequencies or blocks of frequen 
cies. Furthermore, on each link, various channels may be 
defined through techniques such as time division multiplex 
ing, code division multiplexing, and/or frequency division 
multiplexing. 

In one implementation, the downlink may be divided over 
time into a continuum of timeslots (i.e., “transmission time 
intervals” (TTIs)), and the base station or associated equip 
ment may be arranged to transmit data, such as bearer traffic 
(e.g., user data) and control signaling (e.g., paging and other 
overhead messages), to mobile terminals in those timeslots. 
In Such an implementation, the base station or associated 
equipment may dynamically schedule transmission of data 
in particular timeslots and may then transmit the data 
according to that schedule. 

To help overcome errors that may arise in wireless data 
transmission, the base station and served mobile terminals 
may also be arranged to apply a hybrid automatic repeat 
request (hybrid-ARQ or HARQ) process. In such a process, 
when the base station is going to transmit a data packet to a 
mobile terminal, the base station may repeatedly attempt 
transmission of the packet to the mobile terminal in sequen 
tial (e.g., interlaced) timeslots, until the mobile terminal 
confirms that it successfully received the packet or until the 
base station completes a maximum number of attempts 
without receiving Such confirmation. 

In practice, for instance, the base station may add more 
error correction with each Subsequent attempt and/or may 
transmit various portions of the packet with various error 
correction coding in each Subsequent attempt, in an effort to 
have the mobile terminal ultimately receive enough data to 
constitute or facilitate uncovering the packet as a whole. For 
example, if the packet payload comprises the elements 
ABCD, the base station may transmit in a first timeslot the 
full payload ABCD plus some error correction coding. If that 
transmission is insufficient to allow the mobile terminal to 
uncover the payload (e.g., due to errors in the transmission 
process), the base station may then transmit in a next 
timeslot a portion of the payload. Such as ABC, plus some 
additional error correction coding. And if that transmission 
is still insufficient, the base station may then transmit in a 
next timeslot another portion of the payload, such as BDC, 
plus more Substantial error correction coding. This process 
may continue until the packet transmission is deemed Suc 
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2 
cessful or until a predefined threshold number of timeslots is 
exhausted (in which case the transmission would have 
failed). 

During this packet transmission process, the mobile ter 
minal may transmit a hybrid-ARO message to the base 
station in response to each transmission attempt from the 
base station. In particular, for each transmission attempt that 
does not result in the mobile terminal having Successfully 
received or uncovered the complete packet payload, the 
mobile terminal may transmit to the base station on the 
uplink a negative acknowledgement (NAK), to prompt the 
base station to engage in a next transmission attempt. On the 
other hand, if and when the mobile terminal received and 
uncovered the complete packet (e.g., the packet transmission 
and any associated decoding by the mobile terminal was 
Successful), the mobile terminal may then transmit to the 
base station a positive acknowledgement (ACK), to inform 
the base station that transmission of the packet was success 
ful, thereby completing transmission of that packet. 

Overview 

In a representative hybrid-ARQ process, a mobile termi 
nal may be configured to transmit each hybrid-ARO mes 
sage (i.e., each ACK or NAK) repeatedly to help ensure that 
the base station receives the hybrid-ARO message. In prac 
tice, for instance, the mobile terminal may be configured to 
apply a particular hybrid-ARQ “repetition factor.” R, that 
defines how many times the mobile terminal should transmit 
each hybrid-ARQ message to the base station. Without 
limitation, an example of such a repetition factor may be a 
number from 1 to 4. Thus, for instance, if the repetition 
factor is 1, the mobile terminal would transmit each hybrid 
ARO message to the base station just once, whereas, if the 
repetition factor is 3, the mobile station would transmit each 
hybrid-ARQ message to the base station three times in a 
OW. 

When a mobile terminal is configured to apply such a 
repetition factor, the base station may be configured to wait 
for a corresponding period of time after each packet trans 
mission attempt to the mobile terminal, before the base 
station then engages in a next transmission to the mobile 
terminal. For example, if the repetition factor is 2, the base 
station may be configured to wait for a period of time 
corresponding with transmission of two hybrid-ARO mes 
sages from the mobile terminal after each packet transmis 
sion attempt from the base station, before the base station 
then engages in a next transmission to the mobile terminal. 
Whereas if the repetition factor is 4, the base station may be 
configured to wait for a period of time corresponding with 
transmission of four hybrid-ARQ messages from the mobile 
terminal after each packet transmission attempt from the 
base station, before the base station then engages in a next 
transmission attempt to the mobile terminal. 
To facilitate this, the uplink may be similarly divided into 

a continuum of timeslots, and the mobile terminal may be 
configured to engage in repeat hybrid-ARO message trans 
missions in a defined sequence of those timeslots. For 
instance, the mobile terminal may be configured to transmit 
a single hybrid-ARO message per timeslot and to repeat 
hybrid-ARO message transmission across a contiguous 
sequence of timeslots, so that the mobile terminals repeated 
transmission with a repetition factor of R would span a 
period of R timeslots. Assuming each timeslot spans a 
specific period of time T. Such as 1 millisecond for instance, 
the base station may then be configured to wait for a duration 
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of RxT before the base station then engages in a next 
transmission attempt to the mobile terminal. 
By way of example, given a repetition factor of 3 and a 

timeslot duration of 1 millisecond, if the base station 
attempts transmission of a packet to the mobile terminal and 
the mobile terminal does not successfully receive or uncover 
the packet payload, the mobile terminal may transmit a NAK 
to the base station in each of the next three timeslots. In that 
case, after the base station engages in the transmission 
attempt to the mobile terminal, the base station would wait 
a period of three milliseconds before then engaging in a next 
attempt to transmit that packet to the mobile terminal. 
Whereas, if the mobile terminal does successfully receive 
and uncover the packet payload, then the mobile terminal 
may transmit an ACK to the base station in each of the next 
three timeslots. And in that case, the base station would wait 
a period of three milliseconds before then beginning to 
transmit a next packet to the mobile terminal. 

In practice, the use of a hybrid-ARQ repetition factor 
greater than 1 can help to ensure that the base station 
receives a mobile terminal's hybrid-ARQ messages. This 
can be important, as the base station needs to know whether 
to engage in a re-transmission attempt to the mobile terminal 
or rather whether to begin transmission of a next packet to 
the mobile terminal. Particularly if the mobile terminal 
transmits an ACK and the base station does not successful 
receive the ACK, the base station may assume that the 
transmission attempt to the mobile terminal was unsuccess 
ful, and the base station may engage in a next attempt to 
transmit the same packet, rather than beginning to transmit 
a next packet. 

Unfortunately, however, a downside to using a hybrid 
ARQ repetition factor greater than 1 is that the base station 
will need to wait longer before engaging in a next transmis 
sion attempt to the mobile terminal, regardless of whether 
the next transmission attempt is for the same packet or for 
a next packet. Consequently, use of a hybrid-ARO repetition 
factor greater than 1 may delay data transmission to the 
mobile terminal and thereby result in the mobile terminal 
experiencing a reduced downlink data rate. 
On the other hand, the delay in base station transmission 

to a mobile terminal as a result of use of a hybrid-ARQ 
repetition factor greater than 1 may also free up downlink 
transmission resources, such as downlink time slots, to be 
used for other purposes. For instance, if the base station is 
concurrently serving multiple mobile terminals, during the 
time that the base station is waiting for repeated hybrid 
ARO transmission from a given mobile terminal, the base 
station could be engaging in data transmission to one or 
more other mobile terminals. Thus, use of hybrid-ARQ 
repetition factor greater than 1 can be beneficial for this 
reason as well. 

Given these considerations, disclosed herein is a method 
and corresponding apparatus to make use of hybrid-ARO 
repetition factors as a way to differentiate service quality to 
various mobile terminals. In particular, depending on a 
mobile terminal's service class, the mobile terminal may be 
made to use a particular hybrid-ARQ repetition factor. For 
instance, a mobile terminal of a high service class may be 
made to use a low hybrid-ARQ repetition factor, which may 
help the mobile terminal experience less downlink transmis 
sion delay and thus a higher downlink data rate. Whereas, a 
mobile terminal of a low service class may be made to use 
a high hybrid-ARQ repetition factor, which may cause the 
mobile terminal to experience more downlink transmission 
delay and thus a lower downlink data rate, and may further 
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4 
free up downlink transmission resources to enable the base 
station to better serve other mobile terminals. 

In practice, a mobile terminals service class may be 
defined by the public land mobile network (PLMN) to which 
the mobile terminal subscribes, possibly in comparison with 
the PLMN of the serving base station. In this way, for 
instance, service class differentiation could be provided 
based on whether a mobile terminal subscribes to the 
primary PLMN of the serving base station. Further, to the 
extent different PLMNs are provided for pre-paid subscrip 
tions versus post-paid Subscriptions, service class differen 
tiation could likewise be provided based on whether a 
mobile terminal has a pre-paid Subscription or rather a 
post-paid Subscription. 

Accordingly, in one respect, disclosed herein is method 
operable in a wireless communication system in which a 
RAN serves a mobile terminal over an air interface defining 
a downlink for carrying data transmissions from the RAN to 
the mobile terminal and an uplink for carrying hybrid-ARQ 
messaging from the mobile terminal to the RAN, and in 
which the mobile terminal has a subscription service class 
(e.g., a particular PLMN to which the mobile terminal 
subscribes). The method involves the RAN determining, 
based at least in part on the Subscription service class of the 
mobile terminal (e.g., based at least in part on the PLMN to 
which the mobile terminal subscribes), a hybrid-ARQ rep 
etition factor that the mobile terminal should use for the 
hybrid-ARQ messaging from the mobile terminal to the 
RAN, and the RAN transmitting over the air interface to the 
mobile terminal a directive for the mobile terminal to use the 
determined hybrid-ARQ repetition factor. 

In another respect, disclosed is a cellular base station that 
includes an antenna structure configured to communicate 
over an air interface with mobile terminals served by the 
cellular base station, and that further includes a controller 
configured to provide a directive for a mobile terminal 
served by the cellular base station to use a particular 
hybrid-ARQ repetition factor selected based at least in part 
on a PLMN to which the mobile terminal subscribes. In 
particular, the controller may be configured (i) to determine 
the PLMN to which a mobile terminal subscribes, (ii) to 
determine, based at least in part on the determined PLMN, 
a hybrid-ARQ repetition factor that the mobile terminal 
should use for transmission of hybrid-ARQ messages to the 
cellular base station, and (iii) to provide for transmission by 
the antenna structure to the mobile terminal a directive for 
the mobile terminal to use the determined hybrid-ARQ 
repetition factor for transmission of hybrid-ARO messages 
to the cellular base station. 
And in still another respect, disclosed is an alternative 

method that may involve a serving RAN providing a mobile 
terminal with a message that specifies multiple hybrid-ARQ 
repetition and correlates each with a respective PLMN, so 
that the mobile terminal can select and apply one of the 
specified hybrid-ARQ repetition factors based on the mobile 
terminal's PLMN. In particular, from the mobile terminals 
perspective, the method may involve (i) receiving over the 
air interface from the RAN a message that specifies a 
plurality of PLMNs and that specifies, for each PLMN, a 
respective hybrid-ARQ repetition factor to be used by 
mobile terminals that subscribe to the PLMN, (ii) referring 
to the received message to determine, based at least in part 
on the particular PLMN to which the mobile terminal 
subscribes, which hybrid-ARQ repetition factor the mobile 
terminal should use, and (iii) using by the mobile terminal 
the determined hybrid-ARQ repetition factor when trans 
mitting hybrid-ARQ messaging to the RAN. 
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These as well as other aspects, advantages, and alterna 
tives will become apparent to those of ordinary skill in the 
art by reading the following detailed description, with ref 
erence where appropriate to the accompanying drawings. 
Further, it should be understood that the description pro 
vided in this overview section and elsewhere in this docu 
ment is provided by way of example only. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a simplified block diagram of a wireless com 
munication system in which the present method can be 
implemented. 

FIG. 2 is a simplified block diagram of a base station 
operable in the arrangement of FIG. 1. 

FIG. 3 is a simplified block diagram of a mobile terminal 
operable in the arrangement of FIG. 1. 

FIG. 4 is a timing diagram depicting timing with use of a 
hybrid-ARQ repetition factor of 1. 

FIG. 5 is a timing diagram depicting timing with use of a 
hybrid-ARQ repetition factor of 4. 

FIG. 6 is a flow chart depicting functions that can be 
carried out in accordance with the present method. 

FIG. 7 is another flow chart depicting functions that can 
be carried out in accordance with the present method. 

DETAILED DESCRIPTION 

Referring to the drawings, as noted above, FIG. 1 is a 
simplified block diagram of a wireless communication sys 
tem in which the present method can be implemented. It 
should be understood that this and other arrangements 
described herein are set forth only as examples. As such, 
those skilled in the art will appreciate that other arrange 
ments and elements (e.g., machines, interfaces, functions, 
orders, and groupings of functions, etc.) can be used instead, 
and that some elements may be omitted altogether. Further, 
many of the elements described herein are functional entities 
that may be implemented as discrete or distributed compo 
nents or in conjunction with other components, and in any 
Suitable combination and location. Various functions 
described herein as being performed by one or more entities 
may be carried out by hardware, firmware, and/or software. 
For instance, various functions may be carried out by a 
processor executing instructions stored in memory. 

FIG. 1 depicts the example communication system as 
including at its core a RAN 12 having a base station 14 that 
radiates to define a wireless air interface 16 through which 
the base station may communicate with one or more served 
mobile terminals 18. RAN 12 then provides connectivity 
with one or more transport networks 20, such as the public 
switched telephone network (PSTN) or the Internet for 
instance. With this arrangement, a mobile terminal 18 that is 
positioned within coverage of the base station and that is 
Suitably equipped may engage in air interface communica 
tion with the base station and may thereby communicate 
with remote entities on the transport network(s) and/or with 
other mobile terminals served by the RAN. 

FIG. 2 is next a simplified block diagram of a represen 
tative cellular base station 14, Such as a base transceiver 
station, access node, access point, Node-B, or eNodeB, for 
instance (whether macro, femto or the like), illustrating 
Some of the components that can be included in Such an 
entity. As shown in FIG. 2, the representative base station 
may include a wireless communication interface 22, a pro 
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6 
cessor 24, and data storage 26, all of which may be coupled 
together by a system bus, network or other connection 
mechanism 28. 
As shown, wireless communication interface 22 may 

comprise an antenna arrangement 30, which may be tower 
mounted, and associated components such as a cell site 
modem for engaging in air interface communication with 
mobile terminals 18, Such as to transmit data and control 
information to the mobile terminals and receive data and 
control information from the mobile terminals. The antenna 
arrangement may be of the type and configuration known to 
be used in cellular base stations. 

Processor 24 may then comprise one or more general 
purpose processors (e.g., microprocessors) and/or special 
purpose processors (e.g., digital signal processors and/or 
application specific integrated circuits) and may be inte 
grated in whole or in part with the wireless communication 
interface. And data storage 26 may comprise one or more 
Volatile and/or non-volatile storage components and may be 
integrated in whole or in part with processor 24. 
As shown, data storage 26 may hold program instructions 

34, which may be executable by processor 24 to carry out 
various base station or RAN functions described herein. For 
instance, in accordance with the program instructions, the 
processor may function to determine a service class. Such as 
a PLMN, of a mobile terminal served by the base station, to 
select a hybrid-ARQ repetition factor based on the deter 
mined service class, and to send a directive to the mobile 
terminal to cause the mobile terminal to apply the selected 
hybrid-ARQ repetition factor. 
AS Such, the processor 24 programmed with instructions 

34 may define part or all of a controller for controlling 
operation of the base station 14. Alternatively or addition 
ally, however, such control functionality could be provided 
external to the base station 14, in another RAN entity such 
as a radio network controller (RNC), base station controller 
(BSC), or mobility management entity (MME), for instance, 
which could be communicatively linked with the base 
station and could serve to control aspects of base station 
operation and RAN operation generally. 

FIG. 3 is next a simplified block diagram of a represen 
tative mobile terminal 18 (also possibly referred to as user 
equipment, an access terminal, a wireless communication 
device, or the like), such as a cellular telephone, wirelessly 
equipped tablet or personal computer, embedded wireless 
communication module, for instance, illustrating some of 
the components that can be included in Such a device. As 
shown, the representative mobile terminal may include a 
wireless communication interface 36, a user interface 38, a 
processor 40, and data storage 42, all of which may be 
coupled together by a system bus, network, or other con 
nection mechanism 44. 

Wireless communication interface 36 may comprise an 
antenna arrangement 46 and associated components 50 Such 
as mobile station modem for instance, for engaging in 
communication with serving base stations such as base 
station 14, Such as to transmit data and control information 
to the base stations and to receive data and control infor 
mation from the base stations. 

User interface 38 may then facilitate interaction with a 
user of the mobile terminal if applicable. As such, the user 
interface may include output components such as a display 
screen, loudspeaker, and headphone jack, and input compo 
nents such as a keypad, a touch-sensitive screen, and a 
CaCa. 

Processor 40 may then comprise one or more general 
purpose processors and/or special-purpose processors and 
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may be integrated in whole or in part with wireless com 
munication interface 36. And data storage 42 may comprise 
one or more volatile and/or non-volatile storage components 
and may be integrated in whole or in part with processor 40. 
As shown, data storage 42 may hold program instructions 

52, which may be executable by processor 40 to carry out 
various mobile terminal functions described herein. For 
instance, in accordance with the program instructions, pro 
cessor 40 may function to evaluate data transmissions from 
base station 14, to transmit hybrid-ARO messaging to the 
base station. Further, processor 40 may function to receive 
from the base station a directive to use a particular hybrid 
ARQ repetition factor based on the mobile terminals ser 
vice class, such as its PLMN, and to apply that hybrid-ARQ 
repetition factor. 

In practice, the RAN 12 and mobile terminals 18 may be 
arranged to communicate with each other over the air 
interface 16 according to one or more agreed air interface 
protocols, examples of which include Orthogonal Frequency 
Division Multiple Access (OFDMA) (e.g., Long Term Evo 
lution (LTE) or Wireless Interoperability for Microwave 
Access (WiMAX)), Code Division Multiple Access 
(CDMA) (e.g., 1xRTT or 1xEV-DO), Global System for 
Mobile Communication (GSM), WIFI, BLUETOOTH, and/ 
or other protocols now known or later developed. 
As shown in FIG. 1, the air interface defines a downlink 

22 that carries wireless communications from the RAN to 
the mobile terminals and an uplink 24 that carries wireless 
communications from the mobile terminals to the RAN. 
Depending on the protocol, these links may be structured in 
various ways. At a high level, for instance, the base station 
14 may provide service on one or more frequency channels 
or bands, with downlink communications occupying one 
band and uplink communications occupying another band. 
Alternatively, downlink and uplink communications may be 
carried out on a common frequency band and may be 
differentiated through time division multiplexing and/or 
other techniques. 
As noted above, the downlink and uplink may each be 

divided over time into a continuum of timeslots for carrying 
data Such as bearer traffic and/or control signaling (among 
perhaps other segments of time set aside for other purposes). 
In practice, these timeslots may be defined in various ways, 
and the structure of the downlink may be the same as or 
different from that of the uplink. 

Under a current version of LTE, for instance, the down 
link and uplink are each divided into a continuum of 10 
millisecond frames, and each frame is further divided into 
ten 1 millisecond subframes. Each subframe is then consid 
ered a TTI for carrying air interface communications. Fur 
thermore, LTE advantageously divides the available fre 
quency bandwidth on the downlink and uplink into a number 
of Subcarriers for carrying air interface communications, and 
groups of those subcarriers in each TTI define “resource 
blocks' for carrying air interface communications, with the 
number of resource blocks per TTI depending on the avail 
able bandwidth. 

Furthermore, the downlink and uplink may each define 
various channels for carrying particular types of communi 
cations between the base station and mobile terminals. For 
instance, each timeslot may be divided into (i) one or more 
control channel segments for carrying control signaling 
between the base station and mobile terminals and (ii) one 
or more bearer channel segments for carrying bearer data 
between the base station and mobile terminals. In an LTE air 
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8 
interface, for instance, these channels may be defined gen 
erally in each TTI or more specifically in each resource 
block. 

In practice, the base station or associated network infra 
structure may be configured to schedule transmissions of 
data to mobile terminals in these timeslots. For instance, as 
the base station receives data to transmit to a mobile 
terminal, the base station may buffer the data and then 
transmit to the mobile terminal a control message that 
specifies the timeslot, and for a protocol such a LTE, the 
specific resource block(s), in which the base station will 
transmit the data to the mobile terminal. The base station 
may then transmit the data to the mobile terminal as speci 
fied. Further, the base station may be configured to apply a 
hybrid-ARO process as discussed above, engaging in a 
sequence of attempts to the mobile terminal for each data 
transmission until the base station receives an ACK from the 
mobile terminal or the base station finishes the sequence of 
attempts without receiving an ACK from the mobile termi 
nal. 

Each mobile terminal may then likewise be configured to 
receive such assignments of timeslots (e.g., resource blocks) 
from the base station and to receive data transmitted to the 
mobile terminal from the base station in accordance with 
those assignments. Further, each mobile terminal may like 
wise be configured to apply a hybrid-ARO process as 
discussed above, determining for each data transmission 
from the base station whether the mobile terminal success 
fully receives and uncovers the data transmitted, and trans 
mitting either an ACK or NAK to the base station accord 
ingly. In practice, for instance, a mobile terminal may 
transmit a NAK if the mobile terminal does not receive a 
transmission that was scheduled to be provided to the mobile 
terminal, or if the mobile terminal was unable to uncover 
(e.g., decode) the underlying payload of the transmission. 
Whereas, the mobile terminal may transmit an ACK if the 
mobile terminal Successfully receives the transmission and 
uncovers the underlying payload. 
As discussed above, mobile terminals may further be 

configured to apply a hybrid-ARQ repetition factor that 
defines how many times in a row to transmit each hybrid 
ARO message. In line with the example above, for instance, 
the repetition factor may range from 1 to 4. Further, in line 
with the discussion above, mobile terminals may be config 
ured to provide such repeated transmissions in a series of 
TTIs, such as by including each transmission of the hybrid 
ARO message in a respective TTI. Consequently, as dis 
cussed above, the time that it takes for a mobile terminal to 
transmit each hybrid-ARO message to the base station may 
be the product of the hybrid-ARQ repetition factor and the 
TTI duration, and the base station may thus be configured to 
wait that period of time after each data transmission attempt 
to a mobile terminal, before engaging in a next data trans 
mission attempt to the mobile terminal. 

FIGS. 4 and 5 depict how this process may work by way 
of example from the base station's perspective, showing 
how the timing may work with different hybrid-ARQ rep 
etition factors. In particular, FIG. 4 depicts the process with 
a hybrid-ARQ repetition factor of 1, and FIG. 5 depicts the 
process with a hybrid-ARQ repetition factor of 4. 

Each of these figures assumes that the base station 
engages in a scheduled downlink transmission attempt to the 
mobile terminal at time t-0 (e.g., subframe 0). Further, each 
of these figures assumes that the mobile terminal then 
responsively generates a hybrid-ARO message, such as an 
ACK, for the transmission attempt and transmits the hybrid 
ARO message to the base station in a number of consecutive 
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TTIs defined by the hybrid-ARQ repetition factor. Allowing 
an expected time for the base station’s transmission attempt 
to reach the mobile terminal and for the mobile terminals 
first of possibly multiple hybrid-ARQ message transmis 
sions to reach the base station, each figure then assumes that 
the base station receives the mobile terminal's first hybrid 
ARO message transmission at time t 4 (e.g., Subframe 4). 

In FIG. 4, with the hybrid-ARQ repetition factor set to 1, 
as soon as the base station receives the single ACK from the 
mobile terminal at time t 4, the base station then engages in 
a next transmission attempt to the mobile terminal at time 
t=5 (e.g., subframe 5). As discussed above, this low hybrid 
ARQ repetition factor thus allows for higher downlink data 
rate to the mobile terminal. 
On the other hand, in FIG. 5, with the hybrid-ARQ 

repetition factor set to 4, the base station waits a period of 
four TTIs, possibly receiving the mobile terminal's hybrid 
ARQ message in each of the TTIs, before the base station 
then engages in a next transmission attempt to the mobile 
terminal at time t-8 (e.g., subframe 8). As discussed above, 
this high hybrid-ARQ repetition factor may thus result in 
lower downlink data rate to the mobile terminal, but may 
have the advantage of freeing up downlink air interface 
resources during the delay period for use by the base station 
to schedule transmissions to other mobile terminals. 

According to the present method as discussed above, 
different hybrid-ARQ repetition factors may be defined for 
use by mobile terminals based on their different subscription 
service classes, such as based on the PLMNs to which they 
subscribe, as a way to help provide service differentiation. 
For instance, mobile terminals in higher priority Subscrip 
tion service classes may be made to use lower hybrid-ARQ 
repetition factors, whereas mobile terminals in lower prior 
ity Subscription service classes may be made to use higher 
hybrid-ARQ repetition factors. Alternatively, reason may 
exist to provide the opposite differentiation. 

FIG. 6 is a flow chart depicting example functions of this 
method, which may be carried out by a RAN as shown in 
FIG. 1, such as by a base station or other entity of the RAN 
for instance. The method assumes that the RAN (e.g., base 
station) serves a particular mobile terminal by way of 
example, and that the mobile terminal has a particular 
subscription service class. As shown in FIG. 6, at block 60, 
the method involves the RAN determining, based at least in 
part on the subscription service class of the mobile terminal, 
a hybrid-ARQ repetition factor that the mobile terminal 
should use for the hybrid-ARQ messaging from the mobile 
terminal to the RAN. And at block 62, the method then 
involves transmitting over the air interface from the RAN to 
the mobile terminal a directive for the mobile terminal to use 
the determined hybrid-ARQ repetition factor. The mobile 
terminal may then receive that directive and responsively 
use the indicated hybrid-ARQ repetition factor. 

In this method, the subscription service class of the 
mobile terminal may take various forms, and the RAN may 
determine the subscription service class of the mobile ter 
minal in various ways. By way of example, the Subscription 
service class may generally define a service priority level of 
the mobile terminal, pursuant to a service level subscription 
agreement with a wireless service provider for instance. In 
that case, the RAN may determine the subscription service 
class of the mobile terminal, perhaps during a process of the 
mobile terminal registering or attaching with the RAN (e.g., 
with the base station), by receiving from the mobile terminal 
an identifier of the mobile terminal and consulting a Sub 
scription profile record for the identified mobile terminal. 
Alternatively or additionally, the RAN may determine the 
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10 
subscription service class of the mobile terminal by receiv 
ing from the mobile terminal a specification of the mobile 
terminal's Subscription service class or other data indicative 
of the mobile terminals subscription service class. 
As another example, the Subscription service class of the 

mobile terminal may correspond with a PLMN to which the 
mobile terminal subscribes. In this regard, each of various 
wireless service providers may operate one or more PLMNs 
comprising one or more RANs such as that shown on FIG. 
1 and having a respective PLMN identifier, and the mobile 
terminal may subscribe to the service of such a PLMN. In 
practice, for instance, a wireless service provider may oper 
ate a single PLMN, and the mobile terminal may subscribe 
to service of that PLMN. Alternatively, a wireless service 
provider may operate multiple PLMNs, perhaps for different 
Subscription service classes (e.g., one for post-paid Subscrib 
ers and one for pre-paid subscribers), and the mobile termi 
nal may subscribe to a given one of those PLMNs. 

Each base station operated by a wireless service provider 
may be configured to serve mobile terminals that subscribe 
to the service of the wireless service provider's PLMNCs) 
and may be configured with data specifying as a primary 
PLMN of the base Station each Such PLMN of the wireless 
service provider, perhaps along with other data indicating 
the type of PLMN, such as a corresponding subscription 
service class (e.g., pre-paid versus post-paid). In addition, 
pursuant to roaming agreements or the like, various base 
stations operated by a wireless service provider may be 
configured to serve mobile terminals that subscribe to ser 
vice of other wireless service providers PLMNs, and each 
of those base stations may be configured with data indicating 
each such other PLMN as a secondary PLMN of the base 
station. 

Further, each mobile terminal that subscribes to service of 
a particular PLMN may then similarly be configured with 
data specifying that PLMN. In that case, the RAN may 
determine the subscription service class of the mobile ter 
minal, perhaps during a registration or attachment procedure 
as noted above, by receiving from the mobile terminal a 
specification of the PLMN to which the mobile terminal 
subscribes, or by referring to a context record that indicates 
the mobile terminal's PLMN as provided during registration 
or attachment or at another time. 

Using the mobile terminal's PLMN as an example indi 
cation of subscription service class, the RAN may then 
determine a hybrid-ARQ repetition factor in various ways 
based at least in part on that PLMN. By way of example, the 
RAN may make a determination of whether the PLMN to 
which the mobile terminal subscribes corresponds with the 
base station serving the mobile terminal, such as whether the 
mobile terminal's PLMN matches a primary PLMN of the 
base station. The RAN may then determine, as the hybrid 
ARQ repetition factor, a first hybrid-ARQ repetition factor 
if the determination is that the PLMN to which the mobile 
terminal subscribes corresponds with the base station. 
Whereas, the RAN may determine, as the hybrid-ARQ 
repetition factor, a second hybrid-ARQ repetition factor 
different than the first hybrid-ARQ repetition factor if the 
determination is that the PLMN to which the mobile termi 
nal subscribes does not correspond with the base station. In 
this way, the RAN could select a lower hybrid-ARQ rep 
etition factor for use by a mobile terminal that subscribes to 
a primary PLMN of the base station and a higher hybrid 
ARQ repetition factor for a mobile terminal that subscribes 
to another PLMN, such as a secondary PLMN and/or a 
roaming partner's PLMN for instance, or vice versa. 
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As another example, the RAN may make a determination, 
based at least in part on the PLMN to which the mobile 
terminal subscribes, of whether the mobile terminal is a 
home mobile terminal (e.g., a subscriber to the PLMN of the 
wireless service provider that operates the base station 
serving the mobile terminal) or is rather a non-home mobile 
terminal (e.g., a subscriber to another PLMN, such as a 
PLMN operated by a roaming partner or by a mobile virtual 
network operator (MVNO) making use of the service pro 
vider's base station). For instance, the RAN may determine 
whether the PLMN to which the mobile terminal Subscribes 
is a PLMN of the wireless service provider that operates the 
base station serving the mobile terminal and is thus a 
home-terminal. The RAN may then determine, as the 
hybrid-ARQ repetition factor, a first hybrid-ARQ repetition 
factor if the determination is that the mobile terminal is a 
home mobile terminal. Whereas, the RAN may determine, 
as the hybrid-ARQ repetition factor, a second hybrid-ARQ 
repetition factor different than the first hybrid-ARQ repeti 
tion factor if the determination is that the mobile terminal is 
a non-home mobile terminal. In this way, the RAN could 
select a lower hybrid-ARQ repetition factor for home 
terminals than for non-home terminals, or vice versa. 

Still further, as another example, the RAN may make a 
determination, based at least in part on the PLMN to which 
the mobile terminal subscribes, of whether the mobile ter 
minal has a pre-paid Subscription or rather has a post-paid 
subscription, such as by consulting data stored by the RAN 
that indicates whether the mobile terminal's PLMN is one 
that the wireless service provider operates for post-paid 
subscribers or rather one that the wireless service provider 
operates for pre-paid subscribers. The RAN may then deter 
mine, as the hybrid-ARQ repetition factor, a first hybrid 
ARQ repetition factor if the determination is that the mobile 
terminal has a pre-paid subscription. Whereas, the RAN may 
determine, as the hybrid-ARQ repetition factor, a second 
hybrid-ARQ repetition factor different than the first hybrid 
ARQ repetition factor if the determination is that the mobile 
terminal has a post-paid subscription. In this way, the RAN 
could select a lower hybrid-ARQ repetition factor for mobile 
terminals that have post-paid Subscriptions than for mobile 
terminals that have pre-paid Subscriptions, or vice versa. 
Once the RAN has determined the hybrid-ARQ repetition 

factor to be used by the mobile terminal, the RAN may then 
transmitting the directive to the mobile terminal in various 
ways. By way of example, the RAN may transmit the 
directive to the mobile terminal in a configuration message 
that the RAN sends to the mobile terminal in relation to 
setup of data communication service between the RAN and 
the mobile terminal. Under the LTE protocol, for instance, 
the configuration message may be included within an RRC 
connection setup message or an RRC connection reconfigu 
ration message, in an ackNackRepetition parameter that is 
part of a physical uplink control channel ConfigDedicated 
message. Alternatively, the configuration message could be 
included in a service request response or other message that 
the base station sends to the mobile terminal. 

Although not shown in FIG. 6, the present method may 
further involve the RAN (e.g., the same base station) also 
serving another mobile terminal that subscribes to a different 
PLMN, and the RAN provisioning that other mobile termi 
nal, based at least in part on that other mobile terminals 
PLMN, with a different hybrid-ARQ repetition factor. Thus, 
the RAN may determine, based at least in part on the PLMN 
to which the other mobile terminal subscribes, a hybrid 
ARQ repetition factor that the other mobile terminal should 
use for hybrid-ARQ messaging from the other mobile ter 
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12 
minal to the RAN, and the RAN may transmit over the air 
interface to the other mobile terminal a directive for the 
other mobile terminal to use the determined hybrid-ARQ 
repetition factor. In practice, then, as the RAN serves 
different mobile terminals that subscribe to different 
PLMNs, the RAN may provision the mobile terminals to use 
different hybrid-ARQ repetition factors. 
The RAN may be arranged to carry out the present 

method generally whenever the RAN serves a mobile ter 
minal, and/or specifically in response to one or more trigger 
conditions or events. Without limitation, an example con 
dition may be the existence of threshold congestion on the 
air interface, as the existence of a congested air interface 
may provide a good basis to engage in service differentiation 
by assigning mobile terminals of different Subscription Ser 
vice classes to use different hybrid-ARQ repetition factors. 
The RAN may detect threshold congestion on the air inter 
face in various ways, such as by determining that at least a 
predefined threshold percentage of downlink timeslots are or 
have been scheduled to carry data to mobile terminals, 
and/or by determining that at least a predefined threshold 
number of mobile terminals are currently registered for 
service on the air interface and/or are currently operating in 
an active and/or connected mode on the air interface. 
Responsive to detecting such congestion, the RAN may then 
carry out the determining and transmitting functions 
depicted in FIG. 6. 

Although the foregoing description is focused mainly on 
having a RAN dynamically provision a mobile terminal to 
use a particular hybrid-ARQ repetition factor selected by the 
RAN based at least in part on the mobile terminal's sub 
Scription service class (e.g., PLMN), another implementa 
tion of the present method may involve the RAN specifying 
various hybrid-ARQ repetition factors per subscription ser 
vice class, and mobile terminals then determine which 
hybrid-ARQ repetition factors to use based on their sub 
Scription service class. An example of this method is illus 
trated by FIG. 7, which assumes again for example that a 
RAN serves a mobile terminal and that the mobile terminal 
subscribes to service of a particular PLMN. 
As shown in FIG. 7, at block 70, the method involves the 

mobile terminal receiving over the air interface from the 
RAN a message that specifies a plurality of PLMNs and that 
specifies, for each PLMN, a respective hybrid-ARQ repeti 
tion factor to be used by mobile terminals that subscribe to 
the PLMN. By way of example, the RAN may broadcast 
Such a message as overhead information on a control chan 
nel of the air interface, such as in a master information 
block, system parameter message, or the like, and the mobile 
terminal may receive and read the message. Alternatively, 
the RAN may transmit the message to the mobile terminal 
as a configuration message like that described above, and the 
mobile terminal may thus receive the message during setup 
of communication service over the air interface between the 
mobile terminal and the RAN. In an example implementa 
tion, the message may take the form of a table that lists 
PLMNs and that specifies for each PLMN a corresponding 
hybrid-ARQ factor, optimally specifying for different 
PLMNs different corresponding hybrid-ARQ factors. 
At block 72, the mobile terminal may then refer to the 

received message to determine, based at least in part on the 
particular PLMN to which the mobile terminal subscribes, 
which hybrid-ARQ repetition factor the mobile terminal 
should use, i.e., which hybrid-ARQ repetition factor the 
message specifies to be used by mobile terminals that 
subscribe to that PLMN. And at block 74, the mobile 
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terminal may then use the determined hybrid-ARQ repeti 
tion factor when transmitting hybrid-ARO messaging to the 
RAN. 

Exemplary embodiments have been described above. It 
should be understood, however, that variations from these 
embodiments are possible, while remaining within the true 
spirit and scope of the invention. 
We claim: 
1. In a wireless communication system in which a radio 

access network (RAN) serves a mobile terminal over an air 
interface defining a downlink for carrying data transmissions 
from the RAN to the mobile terminal and an uplink for 
carrying hybrid-ARO messaging from the mobile terminal 
to the RAN, and wherein the mobile terminal has a particular 
Subscription service class, a method comprising: 

receiving by the mobile terminal over the air interface 
from the RAN a message that specifies a plurality of 
Subscription service classes and that specifies, for each 
subscription service class, a respective hybrid-ARQ 
repetition factor to be used by mobile terminals that 
have the Subscription service class; 

referring by the mobile terminal to the received message 
to determine, based at least in part on the particular 
subscription service class of the mobile terminal, which 
hybrid-ARQ repetition factor the mobile terminal 
should use; and 

using by the mobile terminal the determined hybrid-ARQ 
repetition factor when transmitting hybrid-ARQ mes 
Saging to the RAN, 

wherein for each of a plurality of data transmissions from 
the RAN to the mobile terminal, the mobile terminal 
transmits to the RAN a hybrid-ARQ message selected 
from the group consisting of a positive acknowledge 
ment (ACK) and a negative acknowledgement (NAK), 
and wherein the determined hybrid-ARQ repetition 
factor defines how many times to transmit the hybrid 
ARO message for each Such data transmission. 

2. The method of claim 1, wherein (i) if the subscription 
service class is a first Subscription service class, then the 
determined hybrid-ARQ factor is a first hybrid-ARQ factor, 
and (ii) if the Subscription service class is a second Sub 
scription service class different than the first subscription 
service class, then the determined hybrid-ARQ factor is a 
second hybrid-ARQ factor different than the first hybrid 
ARQ factor. 

3. The method of claim 1, wherein the particular sub 
Scription service class of the mobile terminal is a particular 
public land mobile network (PLMN) to which the mobile 
terminal Subscribes, wherein the Subscription service classes 
specified by the message are PLMNs, and wherein deter 
mining the hybrid-ARQ repetition factor based at least in 
part on the subscription service class of the mobile terminal 
comprises determining the hybrid-ARQ repetition factor 
based at least in part on the PLMN to which the mobile 
terminal subscribes. 

4. The method of claim 3, wherein (i) if the PLMN to 
which the mobile terminal subscribes is a first PLMN, then 
the determined hybrid-ARQ factor is a first hybrid-ARQ 
factor, and (ii) if the PLMN to which the mobile terminal 
subscribes is a second PLMN different than the first PLMN, 
then the determined hybrid-ARQ factor is a second hybrid 
ARQ factor different than the first hybrid-ARQ factor. 

5. The method of claim 1, wherein the subscription 
service class is selected from the group consisting of pre 
paid and post-paid, wherein (i) if the Subscription service 
class is pre-paid, then the determined hybrid-ARQ repetition 
factor is a first hybrid-ARQ repetition factor, and (ii) if the 
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Subscription service class is post-paid, then the determined 
hybrid-ARQ repetition factor is a second hybrid-ARQ rep 
etition factor different than the first hybrid-ARQ repetition 
factor. 

6. The method of claim 1, wherein the subscription 
service class is selected from the group consisting of home 
and non-home, wherein (i) if the Subscription service class 
is home, then the determined hybrid-ARQ repetition factor 
is a first hybrid-ARQ repetition factor, and (ii) if the sub 
Scription service class is non-home, then the determined 
hybrid-ARQ repetition factor is a second hybrid-ARQ rep 
etition factor different than the first hybrid-ARQ repetition 
factor. 

7. The method of claim 1, wherein receiving the message 
occurs during setup of communication service between the 
mobile terminal and the RAN. 

8. A mobile terminal having a particular Subscription 
service class and comprising: 

a wireless communication interface for engaging in com 
munication with a base station; 

a processor; 
data storage; and 
program instructions stored in the data storage and 

executable by the processor to implement mobile ter 
minal operations comprising: 
receiving from the base station a message that specifies 

a plurality of Subscription service classes and that 
specifies, for each Subscription service class, a 
respective hybrid-ARQ repetition factor correspond 
ing with the Subscription service class; 

referring to the received message to determine, based at 
least in part on the particular subscription service 
class of the mobile terminal, which hybrid-ARQ 
repetition factor the mobile terminal should use; and 

using the determined hybrid-ARQ repetition factor 
when transmitting hybrid-ARO messaging to the 
base station, 

wherein for each of a plurality of data transmissions 
from the base station to the mobile terminal, the 
mobile terminal transmits to the base station a 
hybrid-ARO message selected from the group con 
sisting of a positive acknowledgement (ACK) and a 
negative acknowledgement (NAK), and wherein the 
hybrid-ARQ repetition factor defines how many 
times to transmit the hybrid-ARQ message for each 
Such data transmission. 

9. The mobile terminal of claim 8, wherein (i) if the 
Subscription service class is a first Subscription service class, 
then the determined hybrid-ARQ factor is a first hybrid 
ARQ factor, and (ii) if the subscription service class is a 
second subscription service class different than the first 
subscription service class, then the determined hybrid-ARQ 
factor is a second hybrid-ARQ factor different than the first 
hybrid-ARQ factor. 

10. The mobile terminal of claim 8, wherein the particular 
Subscription service class of the mobile terminal is a par 
ticular public land mobile network (PLMN) to which the 
mobile terminal subscribes, wherein the subscription service 
classes specified by the message are PLMNs, and wherein 
determining the hybrid-ARQ repetition factor based at least 
in part on the subscription service class of the mobile 
terminal comprises determining the hybrid-ARQ repetition 
factor based at least in part on the PLMN to which the 
mobile terminal subscribes. 

11. The mobile terminal of claim 10, wherein (i) if the 
PLMN to which the mobile terminal subscribes is a first 
PLMN, then the determined hybrid-ARQ factor is a first 
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hybrid-ARQ factor, and (ii) if the PLMN to which the 
mobile terminal subscribes is a second PLMN different than 
the first PLMN, then the determined hybrid-ARQ factor is a 
second hybrid-ARQ factor different than the first hybrid 
ARQ factor. 

12. The mobile terminal of claim 10, wherein the mobile 
terminal is configured with data specifying the PLMN to 
which the mobile terminal subscribes. 

13. The mobile terminal of claim 8, wherein the subscrip 
tion service class is selected from the group consisting of 
pre-paid and post-paid, wherein (i) if the Subscription ser 
vice class is pre-paid, then the determined hybrid-ARQ 
repetition factor is a first hybrid-ARQ repetition factor, and 
(ii) if the Subscription service class is post-paid, then the 
determined hybrid-ARQ repetition factor is a second hybrid 
ARQ repetition factor different than the first hybrid-ARQ 
repetition factor. 

14. The mobile terminal of claim 8, wherein the subscrip 
tion service class is selected from the group consisting of 
home and non-home, wherein (i) if the Subscription service 
class is home, then the determined hybrid-ARQ repetition 
factor is a first hybrid-ARQ repetition factor, and (ii) if the 
Subscription service class is non-home, then the determined 
hybrid-ARQ repetition factor is a second hybrid-ARQ rep 
etition factor different than the first hybrid-ARQ repetition 
factor. 

10 

15 

25 

16 


