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(57) ABSTRACT 

Systems and methods for intelligently reducing the number of 
log-likelihood ratios (LLRs) stored in memory of a wireless 
communication device are described herein. In one aspect, 
the systems and methods described herein relate to selecting 
LLRS for storage based on a quality metric. In another aspect, 
the systems and methods described herein relate to improving 
communication quality in response to available memory 
capacity. 
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SYSTEMIS AND METHODS FOR MEMORY 
MANAGEMENT 

RELATED APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 12/860,172, entitled “SYSTEMS AND 
METHODS FOR MEMORY MANAGEMENT filed On 
Aug. 8, 2010, the disclosure of which is hereby incorporated 
by reference in its entirety. 

BACKGROUND 

0002 1. Field 
0003. The present application relates generally to memory 
management, and more specifically to systems and methods 
for intelligently reducing the number of log-likelihood ratios 
(LLRS) stored in memory of a wireless communication 
device. 
0004 2. Background 
0005 Wireless communication systems have become an 
important means by which many people worldwide have 
come to communicate. A wireless communication system 
may provide communication for a number of access termi 
nals, each of which may be serviced by an access point. 
0006 An access terminal may communicate with one or 
more access points via transmissions on the uplink and the 
downlink. The uplink (or reverse link) refers to the commu 
nication link from the access terminal to the access point, and 
the downlink (or forward link) refers to the communication 
link from the access point to the access terminal 
0007. The resources of a wireless communication system 
(e.g., bandwidth and transmit power) must often be shared 
among multiple access terminals. A variety of multiple access 
techniques are known, including code division multiple 
access (CDMA), time division multiple access (TDMA), fre 
quency division multiple access (FDMA), orthogonal fre 
quency division multiple access (OFDMA), single-carrier 
frequency division multiple access (SC-FDMA), and so forth. 
0008 Benefits may be realized by improved methods and 
apparatus related to the operation of wireless communication 
systems. 

SUMMARY 

0009. The systems, methods, and devices of the invention 
each have several aspects, no single one of which is solely 
responsible for its desirable attributes. Without limiting the 
Scope of this invention as expressed by the claims which 
follow, some features will now be discussed briefly. After 
considering this discussion, and particularly after reading the 
section entitled “Detailed Description' one will understand 
how the features of this invention provide advantages that 
include systems and method for memory management. 
0010. One embodiment of the disclosure provides a 
method of managing storage in a wireless communication 
device. The method comprises receiving a first data transmis 
sion comprising a first plurality of blocks at the wireless 
communication device. The method further comprises decod 
ing the first plurality of blocks. The method further comprises 
performing a cyclic redundancy check on each of the first 
plurality of blocks. The method further comprises determin 
ing whether each of the first plurality of blocks passes the 
cyclic redundancy check. The method further comprises 
determining whether a memory has sufficient capacity to 
store a plurality of log-likelihood ratios associated with a first 
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portion of the first plurality of blocks that fail the cyclic 
redundancy check. The method further comprises selecting 
for storage a first portion of the plurality of log-likelihood 
ratios based on a quality metric of each of the associated 
blocks, wherein the selected first portion of log-likelihood 
ratios are associated with blocks having higher quality met 
rics than the quality metrics of the blocks associated with a 
second portion of the plurality of log-likelihood ratios not 
selected. 

0011. Another embodiment of the disclosure provides a 
method of managing storage in a wireless communication 
device. The method comprises receiving a plurality of data 
transmissions at the wireless communication device from a 
communication node. The method further comprises deter 
mining whether each of the plurality of data transmissions 
passes a cyclic redundancy check. The method further com 
prises determining whether storing data associated with one 
or more of the data transmissions that failed the cyclic redun 
dancy check in a memory would cause an available capacity 
of the memory to fall below a threshold level. The method 
further comprises transmitting a quality indicator to the com 
munication node when the available capacity of the memory 
falls below the threshold level. 

0012 Yet another embodiment of the disclosure provides 
a wireless communication device comprising a memory. The 
device further comprises a processor coupled to the memory. 
The processor is configured to receive a first data transmis 
sion comprising a first plurality of blocks. The processor is 
further configured to decode the first plurality of blocks. The 
processor is further configured to perform a cyclic redun 
dancy check on each of the first plurality of blocks. The 
processor is further configured to determine whether each of 
the first plurality of blocks passes the cyclic redundancy 
check. The processor is further configured to determine 
whether the memory has sufficient capacity to store a plural 
ity of log-likelihood ratios associated with a first portion of 
the first plurality of blocks that fail the cyclic redundancy 
check. The processor is further configured to select for stor 
age a first portion of the plurality of log-likelihood ratios 
based on a quality metric of each of the associated blocks, 
wherein the selected first portion of log-likelihood ratios are 
associated with blocks having higher quality metrics than the 
quality metrics of the blocks associated with a second portion 
of the plurality of log-likelihood ratios not selected. 
0013 Another embodiment of the disclosure provides a 
wireless communication device comprising a memory. The 
device further comprises a processor coupled to the memory. 
The processor is configured to receive a plurality of data 
transmissions from a communication node. The processor is 
further configured to determine whether each of the plurality 
of data transmissions passes a cyclic redundancy check. The 
processor is further configured to determine whether storing 
data associated with one or more of the data transmissions 
that failed the cyclic redundancy check in the memory would 
cause an available capacity of the memory to fall below a 
threshold level. The processor is further configured to trans 
mit a quality indicator to the communication node when the 
available capacity of the memory falls below the threshold 
level. 

0014. Yet another embodiment of the disclosure provides 
a wireless communication device comprising means for 
receiving a first data transmission comprising a first plurality 
of blocks. The device further comprises means for decoding 
the first plurality of blocks. The device further comprises 
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means for performing a cyclic redundancy check on each of 
the first plurality of blocks. The device further comprises 
means for determining whether each of the first plurality of 
blocks passes the cyclic redundancy check. The device fur 
ther comprises means for determining whether a memory has 
Sufficient capacity to store a plurality of log-likelihood ratios 
associated with a first portion of the first plurality of blocks 
that fail the cyclic redundancy check. The device further 
comprises means for selecting for storage a first portion of the 
plurality of log-likelihood ratios based on a quality metric of 
each of the associated blocks, wherein the selected first por 
tion of log-likelihood ratios are associated with blocks having 
higher quality metrics than the quality metrics of the blocks 
associated with a second portion of the plurality of log-like 
lihood ratios not selected. 

0015. Another embodiment of the disclosure provides a 
wireless communication device comprising means for receiv 
ing a plurality of data transmissions from a communication 
node. The device further comprises means for determining 
whether each of the plurality of data transmissions passes a 
cyclic redundancy check. The device further comprises 
means for determining whether storing data associated with 
one or more of the data transmissions that failed the cyclic 
redundancy check in a memory would cause an available 
capacity of the memory to fall below a threshold level. The 
device further comprises means for transmitting a quality 
indicator to the communication node when the available 
capacity of the memory falls below the threshold level. 
0016 Yet another embodiment of the disclosure provides 
a computer program product comprising a non-transitory 
computer-readable medium. The computer readable medium 
comprises code for causing a computer to receive a first data 
transmission comprising a first plurality of blocks at a wire 
less communication device. The computer readable medium 
further comprises code for causing a computer to decode the 
first plurality of blocks. The computer readable medium fur 
ther comprises code for causing a computer to perform a 
cyclic redundancy check on each of the first plurality of 
blocks. The computer readable medium further comprises 
code for causing a computer to determine whether each of the 
first plurality of blocks passes the cyclic redundancy check. 
The computer readable medium further comprises code for 
causing a computer to determine whether a memory has suf 
ficient capacity to store a plurality of log-likelihood ratios 
associated with a first portion of the first plurality of blocks 
that fail the cyclic redundancy check. The computer readable 
medium further comprises code for causing a computer to 
select for storage a first portion of the plurality of log-likeli 
hood ratios based on a quality metric of each of the associated 
blocks, wherein the selected first portion of log-likelihood 
ratios are associated with blocks having higher quality met 
rics than the quality metrics of the blocks associated with a 
second portion of the plurality of log-likelihood ratios not 
selected. 

0017. Another embodiment of the disclosure provides a 
computer program product comprising a non-transitory com 
puter-readable medium. The computer readable medium 
comprises code for causing a computer to receive a plurality 
of data transmissions at a wireless communication device 
from a communication node. The computer readable medium 
further comprises code for causing a computer to determine 
whether each of the plurality of data transmissions passes a 
cyclic redundancy check. The computer readable medium 
further comprises code for causing a computer to determine 
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whether storing data associated with one or more of the data 
transmissions that failed the cyclic redundancy check in a 
memory would cause an available capacity of the memory to 
fall below a threshold level. The computer readable medium 
further comprises code for causing a computer to transmit a 
quality indicator to the communication node when the avail 
able capacity of the memory falls below the threshold level. 
0018. Any one of the above embodiments may further 
provide that the first data transmission includes a hybrid 
automatic repeat request (HARO) packets, and wherein the 
first plurality of blocks includes a plurality of codeblocks. 
0019. Any one of the above embodiments may further 
provide that a function of absolute values is at least one of the 
following: a sum of the absolute values, a mean of the abso 
lute values, a median of the absolute values, a mode of the 
absolute values. 
0020. Any one of the above embodiments may further 
provide a method or system for discarding the second portion 
of the plurality of log-likelihood ratios not selected. 
0021 Any one of the above embodiments may further 
provide a method or system for compressing comprising 
deleting a first plurality of the second portion of the plurality 
of log-likelihood ratios not selected and storing a second 
plurality of the second portion of the plurality of log-likeli 
hood ratios not selected. 
0022. Any one of the above embodiments may further 
provide a method or system for compressing comprising 
reducing a number of bits used to represent each of the second 
portion of the plurality of log-likelihood ratios not selected. 
0023. Any one of the above embodiments may further 
provide that the quality metric of each of the blocks of the first 
portion of the first plurality of blocks that fail the cyclic 
redundancy check is at least one of a modulation and coding 
scheme level and a rank associated with the first data trans 
mission. 
0024. Any one of the above embodiments may further 
provide that the plurality of data transmissions comprise 
hybrid automatic repeat request (HARO) packets. 
0025. Any one of the above embodiments may further 
provide that a threshold level is 80% of an overall capacity of 
the memory. 
0026. Any one of the above embodiments may further 
provide that the quality indicator comprises a rank index. 
0027. Any one of the above embodiments may further 
provide that the quality indicator comprises a channel quality 
index. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0028 FIG. 1 illustrates an exemplary wireless communi 
cation network. 
0029 FIG. 2 is a block diagram illustrating a wireless 
communication system in which the methods disclosed 
herein may be utilized. 
0030 FIG. 3A is a sequence diagram illustrating a system 
for sending and receiving acknowledgment messages. 
0031 FIG. 3B is another sequence diagram illustrating a 
system for sending and receiving acknowledgment messages. 
0032 FIG. 4 is a block diagram illustrating a system for 
sending an acknowledgment message in a wireless commu 
nication system. 
0033 FIG. 5 is a flowchart illustrating a process of select 
ing transmission data for storage at a UE. 
0034 FIG. 6 is a flowchart illustrating a process of reduc 
ing data transmission errors at a UE. 



US 2013/0297996 A1 

0035 FIG. 7 is a functional block diagram of an example 
UE. 

0036 FIG. 8 is a functional block diagram of an example 
eNB 

0037 FIG. 9 is a functional block diagram of an example 
UE in a communication network. 

0038 FIG. 10 is a functional block diagram of an example 
eNB in a communication network. 

DETAILED DESCRIPTION 

0039. The word “exemplary” is used hereinto mean “serv 
ing as an example, instance, or illustration.” Any embodiment 
described herein as “exemplary' is not necessarily to be con 
Strued as preferred or advantageous over other embodiments. 
The following description is presented to enable any person 
skilled in the art to make and use the invention. Details are set 
forth in the following description for purpose of explanation. 
It should be appreciated that one of ordinary skill in the art 
would realize that the invention may be practiced without the 
use of these specific details. In other instances, well known 
structures and processes are not elaborated in order not to 
obscure the description of the invention with unnecessary 
details. Thus, the present invention is not intended to be 
limited by the embodiments shown, but is to be accorded with 
the widest scope consistent with the principles and features 
disclosed herein. 

0040. The techniques described herein may be used for 
various wireless communication networks such as Code Divi 
sion Multiple Access (CDMA) networks, Time Division Mul 
tiple Access (TDMA) networks, Frequency Division Mul 
tiple Access (FDMA) networks, Orthogonal FDMA 
(OFDMA) networks, Single-Carrier FDMA (SC-FDMA) 
networks, etc. The terms “networks” and “systems' are often 
used interchangeably. A CDMA network may implement a 
radio technology such as Universal Terrestrial Radio Access 
(UTRA), cdma2000, etc. UTRA includes Wideband-CDMA 
(W-CDMA) and Low Chip Rate (LCR). cdma2000 covers 
IS-2000, IS-95 and IS-856 standards. ATDMA network may 
implement a radio technology Such as Global System for 
Mobile Communications (GSM). An OFDMA network may 
implement a radio technology such as Evolved UTRA 
(E-UTRA), IEEE 802.9, IEEE 802.16, IEEE 802.20, Flash 
OFDM", etc. UTRA, E-UTRA, and GSM are part of Univer 
sal Mobile Telecommunication System (UMTS). Long Term 
Evolution (LTE) is an upcoming release of UMTS that uses 
E-UTRA. UTRA, E-UTRA, GSM, UMTS and LTE are 
described in documents from an organization named "3rd 
Generation Partnership Project” (3GPP). cdma2000 is 
described in documents from an organization named "3rd 
Generation Partnership Project 2 (3GPP2). These various 
radio technologies and standards are known in the art. 
0041 Single carrier frequency division multiple access 
(SC-FDMA) utilizes single carrier modulation and frequency 
domain equalization. SC-FDMA has similar performance 
and essentially similar overall complexity as an OFDMA 
system. An SC-FDMA signal has lower peak-to-average 
power ratio (PAPR) because of its inherent single carrier 
structure. SC-FDMA has drawn significant attention, espe 
cially in uplink communications where lower PAPR greatly 
benefits the mobile terminal in terms of transmit power effi 
ciency. It is currently a working assumption for an uplink 
multiple access scheme in 3GPP Long Term Evolution (LTE), 
or Evolved UTRA (E-UTRA). 
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0042. For conciseness and clarity in the following descrip 
tion, terminology associated with LTE E-UTRA systems is 
used. LTE E-UTRA technology is further described in the 
3GPP TS 23.401: GPRS Enhancements for E-UTRAN 
Access (Release 8). It should be emphasized that the inven 
tion may also be applied to other technologies and associated 
standards, such as those related to Wideband Code Division 
Multiple Access (WCDMA), Time Division Multiple Access 
(TDMA), Orthogonal Frequency Division Multiple Access 
(OFDMA), Evolved High Rate Packet Data (eHRPD) and so 
forth. Terminologies associated with different technologies 
can vary. For example, depending on the technology consid 
ered, the User Equipment (UE) used in LTE can sometimes be 
referred to as a mobile station, a user terminal, a Subscriber 
unit, an access terminal, etc., to name just a few. Likewise, the 
Serving Gateway (SGW) used in LTE can sometimes be 
referred to as a gateway, a HRPD serving gateway, and so 
forth. Likewise, the evolved Node B (eNB) used in LTE can 
Sometimes be referred to as an access node, an access point, a 
base station, a Node B, HRPD base station (BTS), and so 
forth. It will be appreciated that certain terminologies may 
apply to various different technologies when applicable. 
0043 FIG. 1 illustrates an example wireless communica 
tion network 100. The wireless communication network 100 
is configured to Support communication between a number of 
users. The wireless communication network 100 may be 
divided into one or more cells 102, such as, for example, cells 
102a-102g. Communication coverage in cells 102a-102g 
may be provided by one or more eNBs 104, such as, for 
example, eNBs 104a-104g. Each eNB 104 may provide com 
munication coverage to a corresponding cell 102. The eNBs 
104 may interact with a plurality of UEs, such as, for example, 
UES 106a-1061. 

0044. Each UE 106 may communicate with one or more 
eNBs 104 on a forward link (FL) and/or a reverse link (RL) at 
a given moment. AFL is a communication link from an eNB 
to an UE. A RL is a communication link from an UE to an 
eNB. The FL may also be referred to as the downlink (DL). 
Further, the RL may also be referred to as the uplink (UL). 
The eNBs 104 may be interconnected, for example, by appro 
priate wired or wireless interfaces and may be able to com 
municate with each other. Each UE 106 may communicate 
with another UE 106 through one or more eNBs 104. 
0045. The wireless communication network 100 may pro 
vide service over a large geographic region. For example, the 
cells 102a-102g may cover only a few blocks within a neigh 
borhood or several square miles in a rural environment. In one 
embodiment, each cell may be further divided into one or 
more sectors (not shown). 
0046. As described above, an eNB 104a may provide UE 
106a access within its coverage area to another communica 
tions network, such as, for example the internet or another 
cellular network. 

0047. A UE 106a may be a wireless communication 
device (e.g., a mobile phone, router, personal computer, 
server, etc.) used by a user to send and receive Voice or data 
over a communications network. As shown, UEs 106a, 106h, 
and 106i may include routers. UEs 106b-106g, 106i, 106k, 
and 10.6l may include mobile phones. More generally, each of 
UEs 106a-106.1 may include any suitable communication 
device. 
0048 FIG. 2 is a block diagram illustrating a wireless 
communication system 200 in which the methods disclosed 
herein may be utilized. The wireless communication system 
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200 may include one or more eNB104 that each may include 
multiple antenna groups. For example, the eNB 104 is illus 
trated as including two antenna groups, a first group 206 
including a first antenna 206a and a second antenna 206b, and 
a second group 208 including a third antenna 208a and a 
fourth antenna 208b. While the configuration illustrates each 
antenna group with two antennas, it will be appreciated that 
more or fewer antennas may be included in each antenna 
group. 
0049. The wireless communication system 200 may also 
includean UE 106a that communicates with the first antenna 
group 206, where the first antenna 206a and second antenna 
206b transmit information to the UE 106a over a first forward 
link 210a and receive information from the UE 106a over a 
first reverse link 212a. Likewise, the wireless communication 
system 200 may also include another UE 106b that commu 
nicates with the second antenna group 208, where the third 
antenna 208a and the fourth antenna 208b transmit informa 
tion to the UE 106b over a second forward link 210b and 
receive information from the UE 106b over a second reverse 
link 212b. In the wireless communication system 200, the 
forward communication links 210 may use different frequen 
cies for communication than the reverse communication links 
212. 
0050. The system 200 may use Automatic Repeat request 
(ARQ) or Hybrid ARQ (HARQ) for error control of data 
transmissions. The eNB 104 and the UEs 106 may exchange 
accordingly a series of acknowledgment signals (ACK) or 
non-acknowledgment signals (NACK) based on received 
data. 
0051. The uplink 212 data channel may be referred to as 
the Primary Uplink Shared Channel (PUSCH), and the cor 
responding ACK on the downlink 210 may be referred to as 
the Primary HARQ Indicator Channel (PHICH). Addition 
ally, the data on the downlink 210 may be referred to as the 
Primary Downlink Shared Channel (PDSCH) and the corre 
sponding ACK on the uplink 212 may be sent either on the 
PUSCH or the Primary Uplink Control Channel (PUCCH). 
0052. As used herein, the term “user equipment will gen 
erally refer to an electronic device that may be used for voice 
and/or data communication over a wireless communication 
system. Examples of user equipments 106 include cellular 
phones, personal digital assistants (PDAs), handheld devices, 
wireless modems, laptop computers, personal computers, etc. 
A user equipment 106 may alternatively be referred to as a 
Subscriber station, a mobile terminal, a mobile station, a 
remote station, a user terminal, a terminal, a Subscriber unit, 
a mobile device, a wireless device, an access terminal (AT), or 
some other similar terminology. The term “eNB” as used 
herein generally refers to a wireless communication station 
that is installed at a fixed location and used to communicate 
with UEs 106. An eNB104 may alternatively be referred to as 
a base station, a Node B, an evolved Node B, eNodeB, an 
access point (AP), or some other similar terminology. The 
term “transmitter may refer to any electronic device capable 
of transmitting data, and may refer to either an eNB 104 oran 
UE 106. 

0053. Each group of antennas 206, 208 and/or the area in 
which they are designed to communicate is often referred to 
as a sector of the eNB104. In the illustrated configuration, the 
antenna groups 206, 208 may be designed to communicate to 
all UEs 106 in a sector. In other words, each antenna group 
206, 208 may be responsible for communicating with all of 
the UEs 106 in a geographic area. 
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0054 When communicating over the forward links 210, 
the transmitting antennas may utilize beam forming in order 
to improve the signal-to-noise ratio in the UEs 106. Addition 
ally, the eNB 104 may use beam forming when communicat 
ing with UEs 106 scattered randomly throughout its coverage 
in order to minimize interference. 

0055. It should be noted that the wireless communication 
system 200 may include more than one eNB 104 and more or 
fewer than two UEs 106. Additionally, the eNB 104 may 
communicate using any suitable channel access method, for 
example, Frequency Division Multiple Access (FDMA), 
Code Division Multiple Access (CDMA), Orthogonal Fre 
quency Division Multiple Access (OFDMA), etc. 
0056. The system 200 may be a Long Term Evolution 
(LTE) system according to the 3" Generation Partnership 
Project (3GPP). Therefore, the system 200 may use asynchro 
nous Hybrid ARQ (HARQ) on the downlinks 210. Each 
retransmission may be assigned. This may lessen the need for 
having ACK-to-NACK detection since the UEs 106 may be 
aware of whether a new packet has started or not. In the 
system 200 uplink 212, however, synchronous HARQ may be 
used. Therefore, the present systems and methods may be 
beneficial at the eNB 104. Therefore, although described in 
conjunction with the UEs 106, the present systems and meth 
ods may be used advantageously in the eNB 104. 
0057 FIG. 3A is a sequence diagram 300a illustrating a 
system for sending and receiving acknowledgment messages. 
The system may include one or more eNBs 104a and one or 
more UEs 106a and may use Automatic Repeat request 
(ARQ) or Hybrid ARQ (HARQ) for error control of data 
transmissions. The eNB 104a may send first data 328, a first 
packet, for example, to the UE 106a. If successfully received, 
the UE 106a may respond by sending an acknowledgment 
message (ACK) 330 to the eNB 104a. The ACK330 may be 
a message sent by the UE 106a to the eNB 104a indicating 
that the UE 106a successfully received the first data 328. If 
the ACK330 is interpreted correctly by the eNB 104a, the 
eNB104a may then send second data 332 to the UE 106a, for 
example, a second packet. If the UE 106a successfully 
receives the second data 332, the UE 106a may send another 
ACK334 to the eNB 104a. This process may be repeated for 
every successful data transmission from the eNB 104a to the 
UE 106a, e.g., packet transmission. 
0058 FIG. 3B is another sequence diagram 300billustrat 
ing a system for sending and receiving acknowledgment mes 
sages. The system may also use ARQ or HARQ for error 
control of data transmissions. As before, the eNB 104a may 
send first data 336, such as a first packet, to the UE 106a. 
Here, however, the UE 106a may not successfully receive the 
first data 336. For example, the UE 106a attempts to decode 
the first data 336 sent from the eNB 104a. If the UE 106a 
cannot successfully decode the first data 336 the first data 336 
has not been successfully received. In such a case, the UE 
106a may respond by sending a non-acknowledgment mes 
sage (NACK) 338 to the eNB 104a. The NACK338 may be 
a message sent by the UE106a to the eNB104a that indicates 
that the UE 106a did not successfully receive the first data 
336. Upon receiving the NACK338, the eNB 104a may then 
resend the first data 340 to the UE 106a. Alternatively, if the 
system uses HARQ, the eNB 104a may send the next incre 
ment of the same data packet included in the first data 236. 
The first data 340 may be resent a predetermined number of 
times or until an ACK330 is received in response to the first 
data 336 being sent. 
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0059 FIG. 4 is a block diagram illustrating a system 400 
for sending an acknowledgment message in a wireless com 
munication system. In FIG. 4, the UE 106a is illustrated as 
receiving signals from the eNB 104a and sending signals 
comprising ACKs or NACKs back to the eNB 104a. How 
ever, the present systems and methods are equally applicable 
when the eNB 104a receives signals from the UE 106a and 
sends ACKS or NACKS back to the UE 106a. 

0060. The block diagram at the bottom of FIG. 4 illustrates 
example processing performed by the UE 106a on received 
data. The UE 106a may receive the first data 442 as a first 
signal 448. The first signal 448 may be processed by a receive 
path 452 that including, for example, a demodulator 456, a 
decoder 460 and a cyclic redundancy check (CRC) module 
464. The first signal 448 may be demodulated into first sym 
bols 454 by the demodulator 456. The demodulator456 may 
use any suitable technique, which may correspond to the 
technique used to modulate the first signal 448, e.g., Quadra 
ture Amplitude Modulation (QAM), Quadrature Phase-Shift 
Keying (QPSK), etc. The first symbols 454 may be decoded 
into decoded first data 458 by the decoder 460. The decoder 
460 may use any suitable technique, which may correspond to 
the technique used to encode the first signal 448, e.g., Turbo 
code, Viterbi code, etc. The decoded first data 458 may be 
checked by the CRC module 464 to determine if any errors 
are present in the received first signal 448. If there are no 
errors, the UE 106a may send a signal 444 comprising an 
ACK to the eNB 104a. If there are errors, the UE 106a may 
send a signal 444 comprising a NACK to the eNB104a. The 
processing performed in the receive path 452 may be com 
mon for received signals from the eNB 104a. That is, all 
received packets may be demodulated at demodulator 456, 
decoded at decoder 460, and checked by the CRC module 464 
if they are to be used by the UE 106a. 
0061 Although performing a CRC check is referred to 
herein, other means of checking data to determine if it has 
changed or has been altered may be used. The term data check 
may be a more general term used hereinto mean a CRC check 
or any other method for checking data/signal integrity. Other 
means that may be used to check the data/signal integrity 
include, but are not limited to, using a parity code or other 
block codes. 

0062. In LTE, a downlink data transmission (e.g., a HARQ 
packet transmission, transport block, etc.) from an eNB 104 
to an UE 106 is made periodically (e.g., every 1 ms). As 
discussed above, the UE 106 may send a signal 444 compris 
ing an acknowledgement message (ACK) or negative 
acknowledgment message (NACK), (e.g., within 4 ms), indi 
cating the UE 106 received the transmission successfully or 
not, respectively. When a NACK message is sent, the eNB 
104 retransmits the transmission. 

0063. When decoding the data transmission, the UE 106a 
computes a set of log-likelihood ratio (LLR) for each trans 
mission. A likelihood ratio (LR) is the ratio of the maximum 
probability of a result occurring under two different hypoth 
eses. It is used as a statistical test to choose between the two 
different hypotheses on which the ratio is based. In an 
example, a LR is computed by a soft-decision receiver in the 
UE 106a as the ratio of the aposteriori probability for a bit of 
one output state, for example, 1, to the aposterior probabil 
ity for a bit of another output state, for example, '0'. A log 
likelihood ratio (LLR) is defined as the logarithm of the LR 
and is utilized for computational convenience. For example, 
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by using the LLR, multiplication and division operations 
applied to a LR become addition and Subtraction operations 
as applied to a LLR. 
0064. For data transmissions that are successfully received 
and decoded, the resulting hard decision or decoded data may 
be stored by the UE 106.a. For data transmissions that are not 
Successfully received, for example, transmissions the UE 
106a is unable to decode due to failure of the CRC check, the 
UE 106a may store a portion of the set of LLRs of the data 
transmission so that it can combine it with the set of LLRs of 
the retransmission, increasing the probability the transmis 
sion can be successfully decoded. Accordingly, during the 
time (in this example, 8 ms) between the transmission and the 
retransmission, a number of other transmissions (in this 
example, 7) occur, each being referred to as a hybrid auto 
matic repeat request (HARO) process. Each data transmis 
sion may further be divided into a plurality of codeblocks, 
each having its own a cyclic redundancy check (CRC), and 
each codeblock having a set of LLRs associated with the 
codeblock. The sets of LLRs of each codeblock of a data 
transmission may make up the set of LLRs of the data trans 
mission. 
0065. In this example, as a worst case scenario, up to 8 
different HARO processes may occurat any time, and there 
fore the UE 106a may need to store 8 different sets of LLRs. 
However, some UEs may not have memory with sufficient 
capacity to store all 8 sets of the LLRs. Accordingly, systems 
and methods are described below for intelligently reducing 
the number of LLRs stored in the memory of the UE 106a. 
0.066 FIG. 5 is a flowchart illustrating a process of select 
ing transmission data for storage at the UE 106a of FIG. 2. At 
505, a UE 106a receives a data transmission from a eNB 
104a. At 510, the UE 106a attempts to decode each of the 
codeblocks of the data transmission. At 515, the UE 106a 
performs a cyclic redundancy check on each of the code 
blocks of the decoded data transmission. At 520, the UE 106a 
determines whether each of the codeblocks passed the cyclic 
redundancy check. For a given codeblock, if the UE 106a 
determines the codeblock passed the cyclic redundancy 
check, the process 500 continues to 525 where UE 106a 
stores the decoded codeblock. The process 500 then returns to 
receive a data transmission, at 505. At 520, if the UE 106a 
determines a codeblock did not pass the cyclic redundancy 
check, the process 500 continues to 530. 
0067. At 530, the UE 106a determines whether there is 
sufficient memory capacity to store a set of LLRs of the 
codeblock. If at 530, the UE 106a determines there is suffi 
cient memory capacity to store the LLRs of the codeblock, the 
UE 106a stores the LLRs, at 535. The process 500 then 
returns to receive a data transmission, at 505. If the UE 106a 
determines, at 530, that there is insufficient memory capacity 
to store the LLRs of the codeblock, the UE 106a selects, at 
540, a portion of the LLRs from among LLRs stored in 
memory and the LLRs of the current data transmission to be 
discarded, compressed, and/or stored in external memory. At 
545, the selected LLRs are discarded, compressed, and/or 
stored in external memory and the remaining LLRs are stored 
at the UE 106a. The process 500 then returns to receive a data 
transmission, at 505. 
0068. In an embodiment, discarding the LLRs includes 
not storing the particular LLRS in memory. In another 
embodiment, compression of the LLRs may be performed by 
deletingapattern of LLRS belonging to the data transmission. 
For example, one or more LLRs of a codeblock that fail(s) the 
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CRC may be deleted, while the remaining LLRs of the code 
block are stored in memory. In another embodiment, com 
pression of the LLRs may be performed by reducing the 
number of bits stored to represent an LLR (e.g., reducing the 
number of bits used from 6 bits to 3 bits). In another embodi 
ment, a combination of compression techniques may be used. 
0069. In an embodiment, storing the LLRs in external 
memory refers to powering up an external memory, such as a 
memory attached to the modem of the UE 106a, and storing 
the LLRS in Such memory. This may increase power con 
Sumption and make increase latency if the memory is used for 
the external memory is slower than internal memory normally 
used for storing LLRS. However, Such memory may be advan 
tageously cheaper than the internal memory. 
0070. In an embodiment, the UE 106a may select, at 540, 
the LLRs of the codeblocks with the lowest overall quality to 
be discarded, compressed, and/or stored in external memory. 
In one example, the metric of quality is a measure of how 
much the LLRs of the codeblock contributes to the likelihood 
of the successful decode of the retransmitted HARQ process. 
0071. One example of the metric of quality is to determine 
how many or what percentage of codeblocks of the data 
transmission failed the CRC. In an embodiment, a greater 
number of failing codeblocks (the lower the percentage that 
pass the CRC), results in a lowered quality metric assigned to 
each of the codeblocks that failed the CRC of that data trans 
mission. For example, if a low percentage of codeblocks 
within the data transmission passes the CRC and the trans 
mission is a first transmission of the data transmission from 
the eNB 104a to the UE 106a (i.e., not a retransmission), it is 
possible that a subframe in which the data transmission was 
transmitted experienced a deep fade (i.e., the UE 106a 
received the data transmission with a lower signal-to-noise 
ratio (SNR) than expected). Accordingly, the UE 106a may 
send feedback to the eNB 104a about the link or channel 
quality between the UE 106a and the eNB 104a. The feed 
back may include a channel quality index (CQI), where a 
lower SNR corresponds to a lower CQI. Based on the CQI, the 
eNB 104a may retransmit the data transmission at a lower 
code rate or with higher transmit power to compensate for the 
deep fade. Accordingly, the LLRS associated with codeblocks 
of the retransmission may be more reliable than the LLRs of 
the original transmission. Therefore, the codeblocks of the 
original transmission failing the CRC may be given a lower 
quality metric, as the LLRs from Such codeblocks are less 
likely to be needed to combine with the LLRs from code 
blocks of the retransmission which are likely to be of a higher 
reliability. Therefore, assignment of the lower quality metric 
to the failing codeblocks as the number of failing codeblocks 
increases for a data transmission is dependent on the func 
tioning of the eNB 104a as described above. 
0072. In another embodiment, the greater the number of 
failing codeblocks of a data transmission, the higher the qual 
ity metric assigned to each of the codeblocks that failed the 
CRC of that data transmission. Assuming that an eNB 104a 
retransmits a data transmission that originally had few failing 
codeblocks at least at the same code rate and power level as 
originally transmitted, the probability that the same code 
blocks fail in the retransmission is low. Accordingly, there is 
a high probability that the codeblocks that failed in the origi 
nal transmission will pass the CRC in the retransmission. 
Therefore, when few codeblocks fail in an original data trans 
mission, the LLRs of the data transmission are unlikely to be 
needed for combining with the LLRs of the retransmitted data 
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transmission. Therefore, assignment of the lower quality met 
ric to the codeblocks that fail as the number of failing code 
blocks decreases for a data transmission is dependent on the 
functioning of the eNB 104a as described above. 
0073. Another example of a quality metric of a codeblock 

is based on the absolute values of the LLRs of a codeblock. 
For example, the quality metric of a codeblock may be a 
function of the absolute value of each of the LLRs of the 
codeblock. The function may be a sum, mean, median, mode, 
or some other mathematical function of the absolute value of 
each of the LLRs of the codeblock. In an example, as the value 
of function decreases, so does the quality of the LLR. 
0074. In yet another example, the UE 106a measures the 
quality of a codeblock by the number of times the associated 
data transmission has codeblocks that have failed the CRC. 
For example, if a data transmission has been retransmitted 3 
times because codeblocks have failed the CRC check 3 times, 
it would have a different quality than a different data trans 
mission that has been retransmitted 2 times because code 
blocks have failed the CRC only 2 times. In an embodiment, 
the codeblocks failing a CRC of a data transmission retrans 
mitted a greater number of times are assigned a lower quality 
metric. For example, there may be something inherently 
wrong with the data transmission or the channel conditions of 
the channel on which the data transmission is sent such that 
additional retransmissions continually have failing code 
blocks which cannot be decoded even when LLRs from the 
various transmissions are combined. Thus, storing the LLRS 
of the codeblocks may not be advantageous. In another 
embodiment, the codeblocks failing a CRC of a data trans 
mission retransmitted a greater number of times are assigned 
a higher quality metric. For example, an eNB104a may select 
a code rate or transmit power level requiring several retrans 
missions for the data transmission to be properly decoded. 
Thus, storing the LLRs of the codeblocks may be advanta 
geous. 
0075 Additional metrics for selecting a quality metric for 
codeblocks of a data transmission may also be used. In an 
embodiment, the modulation and coding scheme level (a 
measure of code rate) of a data transmission can be used to set 
the quality metric codeblocks of the data transmission failing 
a CRC. In an embodiment including a multiple-input and 
multiple-output (MIMO) communication network, where 
multiple streams of data (e.g., multiple data transmissions) 
may be sent in parallel between the UE 106a and the eNB 
104a, a rank of the data transmission may be used to set the 
quality metric of codeblocks of the data transmission that fail 
the CRC. The rank is the number of MIMO layers, or simul 
taneous parallel transmissions, occurring between the UE 
106a and the eNB 104a at the time of communication of the 
data transmission. 
0076 Further, any number of the above examples tech 
niques for measuring the quality codeblocks may be used in 
combination. In Such an embodiment, the techniques may be 
weighted evenly or unevenly in making a determination of 
quality. 
0077. In another embodiment, LLRs may be selected in 
the order they are received. Such as according to a first-in 
first-out or last-in-first-out System. 
0078 FIG. 6 is a flowchart illustrating a process of reduc 
ing the number of data transmission errors at a UE 106a. At 
605, a UE 106a receives a data transmission from a eNB 
104a. At 610, the UE 106a attempts to decode each of the 
codeblocks of the data transmission. At 615, the UE 106a 
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performs a CRC on each of the codeblocks of the decoded 
data transmission. At 620, the UE 106a determines whether 
each of the codeblocks passed the cyclic redundancy check. 
For a given codeblock, the UE 106a determines whether the 
codeblock passed the cyclic redundancy check. If so, the UE 
106a stores the decoded codeblock, at 625, and a data trans 
mission is received, at 605. 
0079. If the UE 106a determines, at 620, that the code 
block did not pass the CRC, the UE 106a determines, at 630, 
whether storing the LLRs of the codeblock would put the 
available capacity of the memory of the UE 106a below a 
threshold level for storing LLRs. For example, the threshold 
level may be 20% of the overall capacity of the memory 
allocated for storing LLRs. If the UE 106a determines, at 630, 
that storing the LLR would not cause the available capacity to 
fall below the threshold level of memory usage, the LLRs are 
stored in memory, at 635, following which a data transmis 
sion is received, at 605. If the UE 106a determines, at 630, 
that storing the LLRS would cause the available capacity to 
fall below the threshold level of memory usage, the UE 106a 
indicates to the eNB104a, at 640, that channel conditions on 
the downlink are unfavorable via a quality indicator, even if 
they are not unfavorable. This will cause the eNB 104a to 
transmit data transmissions at a higher energy level and/or 
code data transmissions at a lower rate, thus increasing the 
chance that the data transmission is received Successfully so 
that the LLRs need not be stored for that data transmission. A 
data transmission may then be received, at 605. In at embodi 
ment, the quality indicator comprises a COI. In another 
embodiment where the UE 106a and eNB104a communicate 
using MIMO systems, the quality indicator may include a 
rankindex (RI). The rankindex causes the eNB104a to adjust 
the number of parallel data streams used for transmitting data 
transmissions to the UE 106a. 

0080. One of ordinary skill in the art will appreciate that 
processes 500 and 600 are merely illustrative. Portions of the 
processes 500 and 600 may be removed, additional steps may 
be added, and/or the order of steps changed, while still being 
consistent with the principles and novel features disclosed 
herein. Further, the processes 500 and 600 may be used in 
conjunction with one another. For example, the portions 
described at 630 to 640 may be performed as part of process 
500 before immediately before step 530. 
0081 FIG. 7 is a functional block diagram of an example 
user equipment 106a. The UE 106a may communicate with 
an eNB 104a to send and receive data to and from the eNB 
104a. The UE 106a may comprise a transmit module 710 
configured to transmit an outbound message to the eNB104a. 
The UE 106a may further comprise a receive module 715 
configured to receive an incoming message. Such as a data 
transmission from the eNB 104a. The transmit module 710 
and the receive module 715 may be coupled to a central 
processing unit (CPU)/controller 720 via abus 717. The CPU 
720 may be configured to process the inbound and outbound 
messages coming from or going to the eNB 104a. The CPU 
720 may also be configured to control other components of 
the UE 106a. 

I0082. As shown in FIG. 7, the CPU 720 may further be 
coupled to a memory 730 via the bus 717. The CPU 720 may 
read information from or write information to the memory 
730. For example, the memory 730 may be configured to store 
inbound or outbound messages before, during, or after pro 
cessing and/or records of connections and connection con 
texts. The memory 730 may also store instructions or func 
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tions for execution on the CPU 720, such as, for example, 
instructions or functions for performing processes and meth 
ods described herein. 
I0083. The transmit module 710 may comprise a modulator 
configured to modulate outbound message going to the eNB 
104a. The receive module 715 may comprise a demodulator 
configured to demodulate inbound messages coming from the 
eNB 104a. 
I0084. The memory 730 may comprise processor cache, 
including a multi-level hierarchical cache in which different 
levels have different capacities and access speeds. The 
memory 730 may also comprise random access memory 
(RAM), other volatile storage devices, or non-volatile storage 
devices. Such storage devices may include hard drives, opti 
cal discs, such as compact discs (CDS) or digital video discs 
(DVDs), flash memory, floppy discs, magnetic tape, Zip 
drives, etc. 
I0085 Although described separately, it will be appreci 
ated that functional blocks described with respect to the UE 
106a need not be separate structural elements. For example, 
the CPU 720 and the memory 730 may be embodied on a 
single chip. The CPU 720 may additionally, or in the alterna 
tive, contain memory, Such as processor registers. Similarly, 
one or more of the functional blocks or portions of the func 
tionality of various blocks may be embodied on a single chip. 
Alternatively, the functionality of a particular block may be 
implemented on two or more chips. 
0.086 One or more of the functional blocks and/or one or 
more combinations of the functional blocks described with 
respect to the UE 106a may be embodied as a general purpose 
processor, a digital signal processor (DSP), an application 
specific integrated device (ASIC), discrete gate or transistor 
logic, discrete hardware components, circuitry or any Suitable 
combination thereof designed to perform the functions 
described herein. In this specification and the appended 
claims, it should be clear that the term “circuitry’ should be 
construed as a structural term and not as a functional term. For 
example, circuitry can be an aggregate of circuit components, 
Such as a multiplicity of integrated circuit components, in the 
form of processing and/or memory cells, units, blocks, mod 
ules, and the like, such as are described in relation to FIG. 7. 
One or more of the functional blocks and/or one or more 
combinations of the functional blocks described with respect 
to the UE 106a may also be implemented as a combination of 
computing devices, e.g., a combination of a DSP and a micro 
processor, a plurality of microprocessors, one or more micro 
processor in conjunction with a DSP communication, or any 
other such configuration. 
I0087 FIG. 8 is a functional block diagram of an example 
eNB104a. As discussed above in relation to FIG. 2, the eNB 
104a may send/receive data to/from the UE106a. Further, the 
eNB 104a may communicate with a communications net 
work comprising one or more network components. Accord 
ingly, the eNB 104a may facilitate communication between 
the UE 106a and the communications network. The eNB 
104a may comprise a transmit module 810 configured to 
transmit an outbound message. Such as a data transmission. 
The eNB 104a may further comprise a receive module 815 
configured to receive an incoming message. The transmit 
module 810 and the receive module 815 may be coupled to a 
central processing unit (CPU)/controller 820 via a bus 817. 
The CPU 820 may be configured to process the inbound and 
outbound messages. The CPU 820 may also be configured to 
control other components of the eNB 104a. 
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I0088. As shown in FIG. 8, the CPU 820 may be coupled to 
a memory 830 via a bus 817. The CPU 820 may read infor 
mation from or write information to the memory 830. The 
memory 830 may be configured to store inbound or outbound 
messages before, during, or after processing and/or records of 
connections and connection contexts. The memory 830 may 
also be used to store instructions or functions for execution on 
the CPU 100, such as, for example, instructions or functions 
for performing processes and methods described herein. 
0089. The transmit module 810 may comprise a modulator 
configured to modulate outbound messages going to the UE 
106a. The receive module 815 may comprise a demodulator 
configured to demodulate inbound messages coming from the 
UE 106. 
0090 The memory 830 may comprise processor cache, 
including a multi-level hierarchical cache in which different 
levels have different capacities and access speeds. The 
memory 830 may also comprise random access memory 
(RAM), other volatile storage devices, or non-volatile storage 
devices. The storage may include hard drives, optical discs, 
such as compact discs (CDs) or digital video discs (DVDs), 
flash memory, floppy discs, magnetic tape, Zip drives, etc. 
0091 Although described separately, it will be appreci 
ated that functional blocks described with respect to the eNB 
104a need not be separate structural elements. For example, 
the CPU 820 and the memory 830 may be embodied on a 
single chip. The CPU 820 may additionally, or in the alterna 
tive, contain memory, Such as processor registers. Similarly, 
one or more of the functional blocks or portions of the func 
tionality of various blocks may be embodies on a single chip. 
Alternatively, the functionality of a particular block may be 
implemented on two or more chips. 
0092. One or more of the functional blocks and/or one or 
more combinations of the functional blocks described with 
respect to the eNB 104a may be embodied as a general pur 
pose processor, a digital signal processor (DSP), an applica 
tion specific integrated device, discrete gate or transistor 
logic, discrete hardware components, circuitry or any Suitable 
combination thereof designed to perform the functions 
described herein. It should be noted that the term “circuitry’ 
should be construed as a structural term and not as a func 
tional term. For example, circuitry can be an aggregate of 
circuit components, such as a multiplicity of integrated circuit 
components, in the form of processing and/or memory cells, 
units, blocks, modules, and the like. Such as shown and 
described in FIG. 8. One or more of the functional blocks 
and/or one or more combinations of the functional blocks 
described with respect to the UE 106a may also be imple 
mented as a combination of computing devices, e.g., a com 
bination of a DSP and a microprocessor, a plurality of micro 
processors, one or more microprocessor in conjunction with a 
DSP communication, or any other such configuration. 
0093. The functionality described herein (e.g., with regard 
to one or more of the accompanying figures) may correspond 
in some aspects to similarly designated “means for function 
ality in the appended claims. Referring to FIGS. 7-10, the UE 
106a and the eNB 104a are represented as a series of inter 
related functional modules. 
0094 FIG. 9 is a functional block diagram of an example 
UE such one of those depicted in FIG. 2. As shown, the UE 
106a may comprise a transmitting module 902, a receiving 
module 905, a decoding module 910, a CRC performing 
module 915, a determining module 920, a selecting module 
925, storing module 930, and an external storing module 935. 
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The transmitting module 902 may correspond at least in some 
aspects to, for example, a transmit module as discussed in the 
foregoing. The receiving module 905 may correspond at least 
in some aspects to, for example, a receive module as dis 
cussed in the foregoing. The decoding module 910 may cor 
respond at least in Some aspects to, for example, a CPU and/or 
a memory as discussed herein. The CRC performing module 
915 may correspond at least in Some aspects to, for example, 
a CPU and/or a memory as discussed herein. The determining 
module 920 may correspond at least in some aspects to, for 
example, a CPU and/or a memory as discussed herein. The 
selecting module 925 may correspond at least in some aspects 
to, for example, a CPU and/or a memory as discussed herein. 
The storing module 93.0 may correspond at least in some 
aspects to, for example, a memory as discussed herein. The 
external storing module 935 may correspond at least in some 
aspects to, for example, an external memory as discussed 
herein. 

(0095 FIG. 10 is a functional block diagram of another 
exemplary eNB in one of the communication networks of 
FIG. 2. As shown, the eNB104a may comprise a transmitting 
module 1005, an adjusting module 1010, and a a receiving 
module 1015. The transmitting module 1005 may correspond 
at least in Some aspects to, for example, a transmit circuit as 
discussed herein. The adjusting module 1010 may correspond 
at least in some aspects to, for example, a CPU and/or a 
memory as discussed herein. The receiving module 1015 may 
correspond at least in some aspects to, for example, a CPU 
and/or a receive circuit as discussed herein. 

(0096. The functionality of the modules of FIGS. 7-10 may 
be implemented in various ways consistent with the teachings 
herein. In some aspects the functionality of these modules 
may be implemented as one or more electrical components. In 
Some aspects the functionality of these blocks may be imple 
mented as a processing system including one or more proces 
Sor components. In some aspects the functionality of these 
modules may be implemented using, for example, at least a 
portion of one or more integrated circuits (e.g., an ASIC). As 
discussed herein, an integrated circuit may include a proces 
Sor, software, other related components, or some combination 
thereof. The functionality of these modules also may be 
implemented in some other manner as taught herein. 
0097. It should be understood that any reference to an 
element herein using a designation Such as “first 'second.” 
and so forth does not generally limit the quantity or order of 
those elements. Rather, these designations may be used 
herein as a convenient method of distinguishing between two 
or more elements or instances of an element. Thus, a refer 
ence to first and second elements does not mean that only two 
elements may be employed there or that the first element must 
precede the second element in some manner. Also, unless 
stated otherwise, a set of elements may comprise one or more 
elements. In addition, terminology of the form “at least one 
of A, B, or C used in the description or the claims means “A 
or B or C or any combination of these elements.” 
0098. Those skilled in the art will understand that infor 
mation and signals may be represented using any of a variety 
of different technologies and techniques. For example, data, 
instructions, commands, information, signals, bits, symbols, 
and chips that may be referenced throughout the above 
description may be represented by Voltages, currents, elec 
tromagnetic waves, magnetic fields or particles, optical fields 
or particles, or any combination thereof. 
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0099 Those skilled in the art will further appreciate that 
the various illustrative logical blocks, modules, circuits, 
methods and algorithms described in connection with the 
examples disclosed herein may be implemented as electronic 
hardware, computer software, or combinations of both. To 
clearly illustrate this interchangeability of hardware and soft 
ware, various illustrative components, blocks, modules, cir 
cuits, methods and algorithms have been described above 
generally in terms of their functionality. Whether such func 
tionality is implemented as hardware or Software depends 
upon the particular application and design constraints 
imposed on the overall system. Skilled artisans may imple 
ment the described functionality in varying ways for each 
particular application, but Such implementation decisions 
should not be interpreted as causing a departure from the 
Scope of the present invention. 
0100. The various illustrative logical blocks, modules, and 
circuits described in connection with the examples disclosed 
herein may be implemented or performed with a general 
purpose processor, a digital signal processor (DSP), an appli 
cation specific integrated circuit (ASIC), a field program 
mable gate array (FPGA) or other programmable logic 
device, discrete gate or transistor logic, discrete hardware 
components, or any combination thereof designed to perform 
the functions described herein. A general-purpose processor 
may be a microprocessor, but in the alternative, the processor 
may be any conventional processor, controller, microcontrol 
ler, or state machine. A processor may also be implemented as 
a combination of computing devices, e.g., a combination of a 
DSP and a microprocessor, a plurality of microprocessors, 
one or more microprocessors in conjunction with a DSP 
communication, or any other such configuration. 
0101 The methods or algorithms described in connection 
with the examples disclosed herein may be embodied directly 
in hardware, in a Software module executed by a processor, or 
in a combination of the two. A software module may reside in 
RAM memory, flash memory, ROM memory, EPROM 
memory, EEPROM memory, registers, hard disk, a remov 
able disk, a CD-ROM, or any other form of storage medium 
known in the art. A storage medium may be coupled to the 
processor Such that the processor may read information from, 
and write information to, the storage medium. In the alterna 
tive, the storage medium may be integral to the processor. The 
processor and the storage medium may reside in an ASIC. 
0102. In one or more exemplary embodiments, the func 
tions described may be implemented in hardware, software, 
firmware, or any combination thereof. If implemented in 
software, the functions may be stored on or transmitted over 
as one or more instructions or code on a computer-readable 
medium. Computer-readable media includes both computer 
storage media and communication media including any 
medium that facilitates transfer of a computer program from 
one place to another. A storage media may be any available 
media that can be accessed by a computer. By way of 
example, and not limitation, such computer-readable media 
can comprise RAM, ROM, EEPROM, CD-ROM or other 
optical disk storage, magnetic disk storage or other magnetic 
storage devices, or any other medium that can be used to carry 
or store desired program code in the form of instructions or 
data structures and that can be accessed by a computer. Also, 
any connection is properly termed a computer-readable 
medium. For example, if the software is transmitted from a 
website, server, or other remote source using a coaxial cable, 
fiber optic cable, twisted pair, digital subscriberline (DSL), or 
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wireless technologies Such as infrared, radio, and microwave, 
then the coaxial cable, fiber optic cable, twisted pair, DSL, or 
wireless technologies such as infrared, radio, and microwave 
are included in the definition of medium. Disk and disc, as 
used herein, includes compact disc (CD), laser disc, optical 
disc, digital versatile disc (DVD), floppy disk and blu-ray disc 
where disks usually reproduce data magnetically, while discs 
reproduce data optically with lasers. Combinations of the 
above should also be included within the scope of computer 
readable media. 
0103) The previous description of the disclosed examples 

is provided to enable any person skilled in the art to make or 
use the present invention. Various modifications to these 
examples will be readily apparent to those skilled in the art, 
and the generic principles defined herein may be applied to 
other examples without departing from the spirit or scope of 
the invention. Thus, the present invention is not intended to be 
limited to the examples shown herein but is to be accorded the 
widest scope consistent with the principles and novel features 
disclosed herein. 
What is claimed is: 
1. A method of managing storage in a wireless communi 

cation device, the method comprising: 
receiving a first data transmission comprising a first plu 

rality of blocks at the wireless communication device: 
decoding the first plurality of blocks; 
performing a cyclic redundancy check on each of the first 

plurality of blocks; 
determining whether each of the first plurality of blocks 

passes the cyclic redundancy check; 
determining whether a memory has sufficient capacity to 

store a plurality of log-likelihood ratios associated with 
a first portion of the first plurality of blocks that fail the 
cyclic redundancy check; and 

selecting for storage a first portion of the plurality of log 
likelihood ratios based on a quality metric of each of the 
associated blocks, wherein the selected first portion of 
log-likelihood ratios are associated with blocks having 
higher quality metrics than the quality metrics of the 
blocks associated with a second portion of the plurality 
of log-likelihood ratios not selected. 

2. The method of claim 1, further comprising storing a 
second portion of the decoded first plurality of blocks that 
pass the cyclic redundancy check. 

3. The method of claim 1, further comprising: 
receiving a second data transmission comprising a second 

plurality of blocks at the wireless communication 
device; 

decoding the second plurality of blocks; 
performing a cyclic redundancy check on each of the sec 

ond plurality of blocks; and 
storing the decoded second plurality of blocks if all of the 

second plurality of blocks pass the cyclic redundancy 
check. 

4. The method of claim 1, wherein the quality metric of a 
block is a function of the absolute values of each of the 
plurality of log-likelihood ratios associated with the block, 
and wherein a higher function value corresponds to a higher 
quality metric. 

5. The method of claim 1, wherein the quality metric of 
each of the blocks of the first portion of the first plurality of 
blocks that fail the cyclic redundancy check is a function of 
the percentage of the first plurality of blocks of the first data 
transmission that pass the cyclic redundancy check. 
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6. The method of claim 1, wherein the quality metric of 
each of the blocks of the first portion of the first plurality of 
blocks that fail the cyclic redundancy check is a function of 
the number of times the first data transmission is received 
before all of the first plurality of blocks pass the cyclical 
redundancy check. 

7. A method of managing storage in a wireless communi 
cation device, the method comprising: 

receiving a plurality of data transmissions at the wireless 
communication device from a communication node, 

determining whether at least a portion of the plurality of 
data transmissions passes a cyclic redundancy check; 
and 

determining whether storing data associated with one or 
more of the data transmissions that failed the cyclic 
redundancy check in a memory would cause an available 
capacity of the memory to fall below a threshold level. 

8. The method of claim 7 further comprising transmitting a 
quality indicator to the communication node when the avail 
able capacity of the memory falls below the threshold level. 

9. The method of claim 7, wherein the quality indicator is 
configured to cause the communication node to adjust a num 
ber of parallel data streams used for transmitting data trans 
missions to the wireless communication device. 

10. The method of claim 7, wherein the quality indicator is 
configured to cause the communication node to increase a 
power level used to transmit data transmissions or to code 
data transmissions at a lower rate. 

11. A wireless communication device comprising: 
a memory; and 
a processor coupled to the memory, the processor being 

configured to: 
receive a first data transmission comprising a first plu 

rality of blocks; 
decode the first plurality of blocks; 
perform a cyclic redundancy check on each of the first 

plurality of blocks; 
determine whether each of the first plurality of blocks 

passes the cyclic redundancy check; 
determine whether the memory has sufficient capacity to 

store a plurality of log-likelihood ratios associated 
with a first portion of the first plurality of blocks that 
fail the cyclic redundancy check; and 

Select for storage a first portion of the plurality of log 
likelihood ratios based on a quality metric of each of 
the associated blocks, wherein the selected first por 
tion of log-likelihood ratios are associated with 
blocks having higher quality metrics than the quality 
metrics of the blocks associated with a second portion 
of the plurality of log-likelihood ratios not selected. 

12. The device of claim 11, wherein the memory is config 
ured to store a second portion of the decoded first plurality of 
blocks that pass the cyclic redundancy check. 

13. The device of claim 11, wherein the processor is further 
configured to: 

receive a second data transmission comprising a second 
plurality of blocks; 

decode the second plurality of blocks; and 
perform a cyclic redundancy check on each of the second 

plurality of blocks, and wherein the memory is config 
ured to store the decoded second plurality of blocks if all 
of the second plurality of blocks pass the cyclic redun 
dancy check. 
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14. The device of claim 11, wherein the quality metric of a 
block is a function of the absolute values of each of the 
plurality of log-likelihood ratios associated with the block, 
and wherein a higher function value corresponds to a higher 
quality metric. 

15. The device of claim 11, wherein the quality metric of 
each of the blocks of the first portion of the first plurality of 
blocks that fail the cyclic redundancy check is a function of 
the percentage of the first plurality of blocks of the first data 
transmission that pass the cyclic redundancy check. 

16. The device of claim 11, wherein the quality metric of 
each of the blocks of the first portion of the first plurality of 
blocks that fail the cyclic redundancy check is a function of 
the number of times the first data transmission is received 
before all of the first plurality of blocks pass the cyclical 
redundancy check. 

17. A wireless communication device comprising: 
a memory; and 
a processor coupled to the memory, the processor being 

configured to: 
receive a plurality of data transmissions from a commu 

nication node: 
determine whether at least a portion of the plurality of 

data transmissions passes a cyclic redundancy check; 
and 

determine whether storing data associated with one or 
more of the data transmissions that failed the cyclic 
redundancy check in the memory would cause an 
available capacity of the memory to fall below a 
threshold level. 

18. The processor of claim 17 further configured to trans 
mit a quality indicator to the communication node when the 
available capacity of the memory falls below the threshold 
level. 

19. The device of claim 17, wherein the quality indicator is 
configured to cause the communication node to adjust a num 
ber of parallel data streams used for transmitting data trans 
missions to the wireless communication device. 

20. The device of claim 17, wherein the quality indicator is 
configured to cause the communication node to increase a 
power level used to transmit data transmissions or to code 
data transmissions at a lower rate. 

21. A wireless communication device comprising: 
means for receiving a first data transmission comprising a 

first plurality of blocks; 
means for decoding the first plurality of blocks; 
means for performing a cyclic redundancy check on each 

of the first plurality of blocks; 
means for determining whether each of the first plurality of 

blocks passes the cyclic redundancy check; 
means for determining whether a memory has sufficient 

capacity to store a plurality of log-likelihood ratios asso 
ciated with a first portion of the first plurality of blocks 
that fail the cyclic redundancy check; and 

means for selecting for storage a first portion of the plural 
ity of log-likelihood ratios based on a quality metric of 
each of the associated blocks, wherein the selected first 
portion of log-likelihood ratios are associated with 
blocks having higher quality metrics than the quality 
metrics of the blocks associated with a second portion of 
the plurality of log-likelihood ratios not selected. 

22. A wireless communication device comprising: 
means for receiving a plurality of data transmissions from 

a communication node; 
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means for determining whether each of the plurality of data 
transmissions passes a cyclic redundancy check; and 

means for determining whether storing data associated 
with one or more of the data transmissions that failed the 
cyclic redundancy check in a memory would cause an 
available capacity of the memory to fall below a thresh 
old level. 

23. A computer program product comprising: 
a non-transitory computer-readable medium comprising: 

code for causing a computer to receive a first data trans 
mission comprising a first plurality of blocks at a 
wireless communication device; 

code for causing a computer to decode the first plurality 
of blocks; 

code for causing a computer to perform a cyclic redun 
dancy check on each of the first plurality of blocks; 

code for causing a computer to determine whether each 
of the first plurality of blocks passes the cyclic redun 
dancy check; 

code for causing a computer to determine whether a 
memory has sufficient capacity to store a plurality of 
log-likelihood ratios associated with a first portion of 
the first plurality of blocks that fail the cyclic redun 
dancy check; and 
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code for causing a computer to select for storage a first 
portion of the plurality of log-likelihood ratios based 
on a quality metric of each of the associated blocks, 
wherein the selected first portion of log-likelihood 
ratios are associated with blocks having higher qual 
ity metrics than the quality metrics of the blocks asso 
ciated with a second portion of the plurality of log 
likelihood ratios not selected. 

24. A computer program product comprising: 
a non-transitory computer-readable medium comprising: 

code for causing a computer to receive a plurality of data 
transmissions at a wireless communication device 
from a communication node, 

code for causing a computer to determine whether each 
of the plurality of data transmissions passes a cyclic 
redundancy check; and 

code for causing a computer to determine whether stor 
ing data associated with one or more of the data trans 
missions that failed the cyclic redundancy check in a 
memory would cause an available capacity of the 
memory to fall below a threshold level. 
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