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(54) Title: SELECTING CHANNELS FOR RETRANSMISSION OF DATA PACKETS

(57) Abstract: In a communication system, a
method and apparatus includes receiving a negative
acknowledgement message from a remote unit (190)

indicating reception failure of a packet of data. By
comparing at a comparator (201) a link quality of a

plurality of available channels (210) for transmission,

at least one of the plurality of channels is selected based

on the comparison. The selected channel is then used

for retransmission of the packet of data. Accordingly,
the retransmission of the failed packet of data has a

better chance of being received at the remote unit since
the selected channel may have a better link quality than

the channel that was originally used for transmission.
If there is any subsequent retransmission, the method

90 .
is repeated.
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SELECTING CHANNELS FOR RETRANSMISSION OF DATA PACKETS

Related Field of the Invention
The invention relates to the field of
communications, and more particularly, to efficient

channel utilization in communication systems.

Background of the Invention

Communication systems, such as the commonly known
code division multiple access (CDMA) 2000 which 1is the
next generation of the commonly known system based on
IS-95 CDMA standard, or wide-band CDMA (W-CDMA) which
is the next generation of the commonly known system
based on the Global System Mobile (GSM) standards,
include down-link communication to a number of mobile
stations via fundamental and supplemental channels.
Other types of down 1link channels, such as paging
channels or synchronization channels, may also be
present. A Dbase station may use the fundamental and
supplemental channels to transmit data to a mobile
stationt‘Eggé base station may have access to at least

one of several supplemental channels and one
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fundamental channel, depending on the type of system
and its requirements. The informations communicated in
each channel are coded according to an orthogonal code
selected from, for example, the Walsh codes. A
fundamental <channel is typically used for voice
communications, however, it may also be used for low
bit rate data communications. Supplemental channels,
typically, are used for data communicationé.

A data transmit session between a mobile station
and a base station may last as long as all the data in
a block of data are transmitted to the mobile station.
A block of data may be partitioned into a series of
packets of data where each packet would have a serial
or sequence number identifying the 1location of the
packet 1in the block of data. Each packet may be
transmitted over a burst to the mobile station. After
each burst of data is received at a mobile station, the
mobile station is required to measure quality of the
received data. If the measured quality, such as number
of errors in the burst, does not match a predetermined
threshold, the mobile station after detecting reception
failure transmits to the base station a negative

ackhowledgemént- (NAK) message indicating inadeguate
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reception quality. The base station, in proper time,
retransmits the burst of data.

In case of a NAK condition, the base station
retransmits only the packet of data that has been
identified in the NAK message. The base station may
select the time for transmission of the NAK packet of

data. There may be more than one packet of data in a

- queue for retransmission. The retransmitted packet of

data has the same serial number even though it 1is
retransmitted out of order along with other remaining
packets of data. For example, a data block may be
partitioned into 50 packets of data, numbered from 1 to
50 consecutively. The base station begins transmitting
the packets of data, starting with the first packet, on
at least one of the supplemental channels or the
fundamental channels 1if the fundamental channel 1is
free.

Data transmission and retransmission may be more
apparent by making references to the FIG. 1. A block of
data 101 is partitioned into a number of data packets
110. The first packet has the serial number 1, and the
second packet the serial number 2, and so on. As an
example,"ggg; first packet 1is transmitted on a first

supplemental (S1) channel 111, the second data packet

PCT/US00/24021
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on a second supplemental (S2) channel 112, and the
third packet 1is transmitted on a third supplemental
(S3) channel 113. The base station typically 1is not
limited to a selection of the supplemental channels. A
base station has access to all supplemental and the
fundamental channels for transmitting a block of data
on a series of bursts of data. The scenario shown in
FIG. 1, although shows only three supplemeﬁtal channels
in use, 1is for illustration purpose only. The receiving
unit 190 after comparing quality of received data
packet 2, retransmission of data packet 2 (R2), data
packet 8, data packet 20, and data packet R8 may
transmit a number of NAK messages to the base station
after detecting each reception failure. Note, the NAK
messages, in this example, have been associated with
supplemental channels 111 and 112 while every data
packets transmitted on supplemental channel 113 have
been received without any problem. Moreover, note that
data packet 2 has been retransmitted twice and data
packet 8 9once without adequate reception at the
receiver 190.

Therefore, there 1s a need for a method and
apparatg§:§9§-sélecting channels for retransmission of

data packets in a communication system.
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Brief Description of the Drawings

FIG. 1 depicts a data packet flow for transmission
of a data block according to the prior art.

FIG. 2 depicts a data packet flow for transmission
of a data block according to various aspects of the
invention by including a comparator before selecting
which channel 1is to be used for retransﬁission of a

failed packet of data.

Detailed Description of the Preferred Embodiment (s)

According to various aspects of the invention, in
a communication system, a method includes receiving a
negative acknowledgement message from a remote unit,
such as a mobile station, indicating reception failure
of a packet of data. By comparing a link quality of a
plurality of channels available for transmission, at
least one of the plurality of channels is selected
based on the comparison. The selected channel is then
used for retransmission of the packet of data.
Accordingly, the retransmission of the failed packet of
data has a better chance of being received at the
reméte pﬁit " since the selected channel may have a

better link quality than the channel that was
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originally used for transmission. If there 1s any
subsequent retransmission, the method is repeated.

According to various aspects of the invention, the
quality of a channel may be determined based on at
least one of frame erasure ratio, channel noise, cyclic
redundancy check information, average energy to
interference ratio, signal to noise ratio, and power
level of the plurality of channels. Other éualities of
measurements are also possible. In case there is more
than one packet of data for retransmission, the
plurality of retransmission packets of data are sorted
according to a sequence number associated with each of
the plurality of retransmission packets of data. Each
packét of retransmission data 1is assigned a priority
for retransmission. Where the available channels
include a  fundamental channel and at least a
supplemental channel, the fundamental channel may be
selected for retransmission of a retransmission packet
of data that has a highest priority according to the
selected priority.

Various aspects of the invention may be more
apparent by making references to the FIG. 2. Similar to
the:flow éggﬂn-in FIG. 1, there are several packets of

data that have failed to be received at the receiver

PCT/US00/24021
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190. For example, the data packet 2 transmitted on
supplemental channel 112 failed to be received at the
receiver 190. When a retransmission of the data packet
(R2) 1s about to take place, the base station at a
comparator 201 compares link quality of all available
channels 210 for retransmission of data packet 2. There
may be a number of available channels for
retransmission. Comparator 201 may be imélemented via
software or hardware. Such implementation 1is widely
known by one ordinary skilled in the art. In this
example, when the R2 1is being sent, channel 113, 1i.e.
supplemental channel S3, appears to have the Dbest
quality. Retransmission of data block R2 on channel
113 has statistically a better chance of being received
than being retransmitted on, for example, channel 112.
In case of R8, and R20, the channel 112 clearly, in
this example, has poor quality, thus sending R2 and RS
on channels 111 or 112 would make an inefficient use of
the available channels for retransmission.

In IS-95B systems, multiple Walsh codes are used
for each data call. For each High Speed Data (HSD) call
the primary Walsh code is called the fundamental and
thejother’ﬂgish'codes are called the supplemental. The

number of supplemental 1is generally between 0 and 7.
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Only the fundamental channel carries the power control
information and the IS-95 system messaging. In
cdma2000, three different channels may be used for
transmission of radio 1link protocol (RLP) frames that
may include error messages such as NAK messages. Such
channels include:

1) Fundamental Channel essentially 1is used for voice,
low bit rate data, and signaling at either 9.6Kbps
or 14.4Kbps.

2) Supplemental Channel is mainly used for high bit
rate data and multimedia applications.

3) Dedicated Control Channel is used for the control
and signaling purpose.

In IS-95, CDMA 2000 and CDMA One, data calls use
Radio Link Protocol (RLP) to correct errors on the
radio link. RLP attempts to correct all radio errors
using the following algorithm. Consider a new frame
before it is transmitted across the radio link for the
first time. If this frame 1is ‘'erased' by the radio
link, the RLP requests two more copies of it to be
retransmitted. If neither of these arrive, then RLP
requests 3 more copies. If none of the packets arrive
suc?essfdl&xi-then RLP gives up and the packet which

the frame was a part of 1is corrupted and must be
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retransmitted by TCP/IP or a higher level protocol.
When RLP gives up in this fashion, the action may be
'aborted'. If two or more TCP/IP packets in a row
contain at least one frame each which has been aborted,
then TCP/IP will 'time-out.' When TCP/IP times-out it
takes approximates 2 to 3 seconds for the corrupted
packets to be retransmitted. This 1is a significant
delay and thus number of aborts should be minimized.
However, as the FER increase, so does the probability
of an RLP abort. Generally, system messaging and power
control information needs to be transmitted through a
radio link with a low FER (e.g. near 1%).

In IS-95B the fundamental channel wunlike the
supplemental channels 1is punctured to allow for power
control information. This results in the fundamental
channel having a higher FER than the supplemental
channels for a given set of power control parameters.
Thus, it 1is necessary to use different power control
parameters on the fundamental and the supplemental
channels in IS-95 independent of the other issues.

The fundamental channel FER target should be
similar to that used for voice; between 1% and 3%. This

will ensure that the messaging on the fundamental

channel will pass through a sufficiently reliable link
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(when the cell is not overloaded.) The supplemental
channel FER target should be higher than what is used
for voice; between 3% and 10%. This 1is because data
call use RLP to correct errors on the radio link. By
using a higher FER target for the data supplemental,
one can drastically reduce the capacity impact of data
calls. This 1is because a call with a higher FER
requires less power and thus causes less interference.
For example, cell capacity is 40% larger for a system
where data calls have 5% FER targets and can tolerate a
maximum of 10% FER than the capacity of a cell with
voice calls with a 1% target which can tolerate a
maximum of 2% FER.

The RLP retransmissions (frames which were in
error and must be retransmitted) may be preferentially
placed on the fundamental (or Dedicated Control Channel
in CDMA 2000) when being transmitted. In other words,
when given a choice between sending a retransmission or
a new frame on the fundamental (or Dedicated Control
Channel in CDMA 2000), the algorithm should send the
retransmission. This prioritization is implemented by
using a sorting algorithm on the output of the RLP
alg@rithmﬁ_gég.implementation of this sorting algorithm

can use the fact that in RLP each frame contains a flag
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that identifies the frame as a retransmission frame or

an original frame.

Fundamental
Tl;gflg I: Fundamental FER Target — % Walsh Code /_\
* m

Input
Stream Sort Frames:
3 Smallest Sequence
5 /F for Suppl IN Numbers || Supplemental |
K rame tor supptementa (representing the  [—» -
Radio | : : Oldest | N Walsh Code [
Link |/ _Frame for Supplemental | __y| Retransmissions) :
Have Highest Su
A pplemental
Protocol | /_Frame for Fundamental Priority on > | Walsh Code ||
T Fundamental ! j
[ Ever 20 milliseconds, RLP outputs 1 frame on each link I Supplemental FER Target

The best sorting algorithm choice would not only
give the retransmissions higher priority than original
transmissions on the fundamental (or Dedicated Control
Channel in CDMA 2000), it would also give the oldest
retransmissions the highest priority on the fundamental
(or Dedicated Control Channel in CDMA 2000). The
sorting algorithm may be according: Scan through each
of the frames, find the frame with the smallest
sequence number and place it on the fundamental (or
Dedicated Control Channel in CDMA 2000). As a result,
each frame in RLP is given a sequence number. While a
frame 1s being retransmitted, the current sequence
number of the—successful frames continues to increase.

When the- retransmission 1is attempted, its sequence

number 1is much smaller that the current sequence
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number. Only 3 sets of attempts are made by RLP to send
each frame. For the same reasoning, the retransmission
with the smallest sequence number is the oldest, and
thus has the smallest number of retransmission attempts
left before RLP will 'give up' and abort it.

In short, it is more important to send a third &
final round retransmission across the radio 1link
successfully than it is to send a first or second set
of attempts successfully because if the third attempt

is the final attempt.

First Attemptto Send F1: Original Transmission of Frame
with Sequence Number |

Second Set of Attempts to Send F1:

(First Set of Retransmissions of

0
Frame with Sequence Number |

Note that the Retransmission has much Lower
Sequence Numbers than the New
Transmissions, & the oldest retransmissions,

have the smallest sequence numbers.

Third & Final Set of Attempts to Send F1:

Second and Final Set of Retransmissions
of Frame with Sequence Number 1

The idea of sending three retransmissions on the
third and final attempt 1in RLP 1is an attempt at

achieving- the same goal of giving the final

transmission attempt a higher probability of success.
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Table 1 shows the use of the algorithm provides a
99.4% decrease in aborts. If RLP aborts, then it gives
up and the packet that the frame was a part of is
corrupted and must be retransmitted by TCP/IP. When
RLP gives up in this fashion, it has 'aborted'. If two
or more TCP/IP packets in a row contain at least one
frame each which has been aborted, then TCP/IP will
'time-out.' When TCP/IP times-out it takes‘approximates
2 to 3 seconds for the corrupted packets to be resent.
This is a significant delay and thus number of aborts
should be minimized. This algorithm does that by
reducing the number of and probability of aborts by
99.4%. This corresponds to having an abort every 422
Minutes instead of every 1207 hours, instead of every 7

hours.
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FER Abort Dalay Thro
Prob- (millisec | ugh-
ability 8) put
Fund- {Supple | Total |Original lst 2nd Mean |Var-
amenta . Attempts| Retran [Retrans- ianc
1 mental s- missions e
missio
ns
Random
Assignm | 8.88% | 8.88% {8.88%| 8.88% 8.88% 8.88% 4.6E-09 1175.2}352.| 5423
ent of 7 5
Retrans
mission
s
Oldest
Retrans 1% 10% 8.88% | 8.98% 7.19% 1.00% 7.9E-07 }174.5(342.}5417
mission 8 0
s on
Fundame
ntal
%
Change
Incurre - - - - - - -99.4% | -.4% | -3% -
d by 0.1%
Using
Oldest
Retrans
mission
s on
Fundame
ntal
Table 1: Benefits of Prioritizing Oldest Retransmissions
5 The impact of this algorithm on delay is also

positive. The delay variance decreases by 3% and the
mean delay decrease by 0.4%. This will result in
smaller buffer requirements in RLP and mobile. The
fact that the delay mean goes down .4% and the
10 throughput goes down 0.1% should result in an overall
performance improvement. For example, for a 1500 byte
TCPfIP ?aq&gé[ the delay decrease of 0.4% will reduce

the RLP delay by 0.7 milliseconds, and the throughput
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increase of 0.1% will increase the delay by 0.2
milliseconds. Thus, the overall delay change seen by a
TCP/IP packet is a decrease of 0.5 milliseconds.
Accordingly, RLP sequence number based sorting
5 algorithm for distinguishing which frames are sent on
the fundamental has substantial benefit in
retransmission efficiency. Moreover, utilizing the
lower FER on fundamental to satisfy signaling and power
control requirements while to significantly improving
10 RLP performance, and utilizing higher FER on
supplemental to obtain significant capacity benefits

data traffic.
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Claims
1. In a communication system, a method comprising the
steps of:
5 receiving a negative acknowledgement message from

10

15

20

a remote unit indicating reception failure of a packet
of data at said remote unit;

comparing a link quality of a plurality of
channels available for transmission;

selecting at least one of said plurality of
channels based on said comparing;

using said selected channel for retransmission of

said packet of data.

2. The method as recited in claim 1 wherein said
comparing comprising:

determining said quality based on at least one of
frame erasure ratio, channel noise, cyclic redundancy
check information, average energy to interference
ratio, signal to noise ratio, and power level of said

plurality of channels.

3. The -method as recited in claim 1 further

comprising:
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sorting a plurality of retransmission packets of
data according to a sequence number associated with
each of said plurality of retransmission packets of
data, and selecting a priority for said sorted

plurality of packets of data for retransmission.

4. The method as recited in claim 3 wherein said
available channels include a fundamental cﬁannel and at
least a supplemental channel, further comprising
selecting said fundamental channel for retransmission
of a highest priority retransmission packet of data

according to said priority.

5. In a communication system, an apparatus
comprising: means for receiving a negative
acknowledgement message from a remote unit indicating
reception failure of a packet of data at said remote
unit;

means for comparing a link quality of a plurality
of channels available for transmission;

means for selecting at least one of said plurality
of channels based on said comparing;

meané_ﬁé;'ﬁsing said selected channel for

retransmission of said packet of data.
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6. The apparatus as recited in claim 5 wherein said
means for comparing comprising:

means for determining said gquality is based on at
least one of frame erasure ratio, channel noise, cyclic
redundancy check information, average energy to
interference ratio, signal to noise ratio, and power

level of said plurality of channels.

7. The apparatus as recited in claim 5 further
comprising:

means for sorting a plurality of retransmission
packets of data according to a sequence number
associated with each of said plurality of
retransmission packets of data, and means for selecting
a priority for said sorted plurality of packets of data

for retransmission.

8. The apparatus as recited in claim 7 wherein said
available channels include a fundamental channel and at
least a supplemental channel, further comprising means
for selecting said fundamental channel for
retransmission of a highest priority retransmission

packet of data according to said priority.
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