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Packet Access (HSDPA) study item. Hybrid ARQ (HARQ) has been proposed as one of the 
possible techniques to enhance the system performance. In this contribution, a text proposal to 
TR 25.848 on HARQ is made considering mainly the physical layer aspects. 
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1. INTRODUCTION 

Technical Report (TR) 25.848 collects the RAN WG1 results for High Speed Downlink 
Packet Access (HSDPA) study item. Hybrid ARQ (HARQ) has been proposed as one of the 
possible techniques to enhance the system performance. In the following, a text proposal to 
TR 25.848 on HARQ is made considering mainly the physical layer aspects. 

2. HARQ FOR HSDPA 

The following text is proposed to be added to TR 25.848: 

----------------------------------------- Start text proposal --------------------------------------------- 

6.2 Hybrid ARQ (H-ARQ) 

In order to reduce receiver buffering requirements a HARQ scheme based on N-channel stop-
and-wait protocol has been proposed. There are two different methods for N-channel HARQ:  

a) either signal the subchannel number explicitely (fully asynchronous), or  

b) tie the subchannel number to e.g. frame timing (partially asynchronous).  

Method a) is illustrated in the Figure 11 which shows an example sequence of events when 
packets 1-7 are being transmitted to UE1 and packet 1 to UE2 using N-channel HARQ with 
N=4 and 3 slot TTI. Packets are transmitted using four parallel ARQ processes for UE1 and 
one ARQ process for UE2, each using stop-and-wait principle. Each packet is acknowledged 
during the transmission of other packets so that the downlink channel can be kept occupied all 
the time if there are packets to transmit. 

HSPDSCH1 UE1 Packet 1UE1 packet 2

Node B1

UE1 Packet 3 UE1 Packet 4UE2 Packet 1UE1 Packet 5 UE1 packet 2UE1 Packet 6 UE1 Packet 4

UL DPCCH UE1

UL DPCCH UE2
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UE1 HARQ channel 1 UE1 HARQ channel 2 UE1 HARQ channel 3 UE1 HARQ channel 4

UE2 HARQ channel 1  

Figure 11. Principle of N-channel stop-and-wait HARQ (N=4). 

N-channel HARQ supports asynchronous transmission: different users can be scheduled 
freely without waiting completion of a given transmission (Receiver needs to know which 
HARQ process the packet belongs to, which can be explicitly signaled on HSDPA control 
channel.). The transmission for a given user is assumed to continue when the channel is again 
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allocated. The asynchronous feature of N-channel HARQ is also shown in Figure 1: after four 
packets to UE1, a packet is transmitted to UE2 and the transmission to UE1 is delayed by one 
TTI. Also, there are 5 packets to UE1 between packets to UE2. The processing times should 
be defined such that continuous transmission to a UE is possible.  

Method b) would restrict the positions of retransmissions such that the retransmissions can 
only happen at positions m+k*N, where m is the position (TTI) of the first transmission of a 
given packet and k = 1,2,…. The retransmissions could still be delayed if the channel is 
allocated to other users in between. 

There are a number of issues that need to be studied and specified if N channel HARQ will be 
used including: 

?? Downlink signaling requirements 

?? Uplink signaling requirements 

?? Coding solution 

?? UE and Node B processing requirements 

?? Max number of parallel ARQ processes 

?? Max number of retransmissions 

?? Interaction with AMC and FCS 

For each HSDPA TTI, receiver needs to know which HARQ process (subchannel) the 
transport block(s) of that TTI belong to. As explained earlier there are two methods: a) that 
could be explicitly signaled requiring log

2
(N) bits per HSDPA TTI or b) deterministic 

mapping between the ARQ processes and e.g. CFN could be defined allowing the receiver to 
distinguish which one of the N channels is being received in a given HSDPA TTI,thus 
requiring no signaling. 

It could also be useful to signal in downlink the redundancy version of the transport block(s) 
received during a HSDPA TTI. In most simple case this could be just a indication of a start of 
a new packet (i.e. RLC PDU). This would aid the receiver to perform the combining and 
decoding of the transport block(s) properly in case of signaling errors in uplink. If incremental 
redundancy schemes are used even the redundancy version could be signaled to the UE 
requiring at least log

2
(# of redundancy versions) bits per HSDPA TTI. 

In the uplink direction acknowledgements of the received RLC PDUs are sent. In a 
straightforward solution this would require 1 bit per received HSDPA TTI to be transmitted 
from UE to Node B. If there are more than one transport block in a HSDPA TTI, they could 
be acknowledged individually resulting in higher uplink signaling load but possible better link 
performance. However, it is understood by WG1 that when the HSDPA TTI is in error, all the 
transport blocks within it are also erroneous. Thus, it is more feasible to retransmit the whole 
TTI. 

An important issue is the encoding solution of the HARQ, i.e. if Type II or Type III HARQ 
will be used. A simple solution is to use Type III with single redundancy version meaning that 
received code blocks are simply soft combined before decoding. In case of Type II or Type III 
with multiple redundancy versions, additional redundancy bits are sent during each 
retransmission yielding potentially more coding gain than simple Type III with single 
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redundancy version. Which scheme will be adopted should be based on performance 
improvement and complexity considerations. 

Due to strict timing requirements of N channel stop-and-wait HARQ scheme the processing 
time requirements both in UE and Node B should be carefully studied. At UE side there 
should be sufficient time left for all the processing after the reception of the transport blocks 
of a HSDPA TTI until the transmission of acknowledgement in uplink. Similarly, sufficient 
time should be left for Node B to react to the received acknowledgement message before the 
next transmission time interval for the given HARQ process. 

Figure 11 also shows an example of a feedback timing of a 4-channel stop-and-wait HARQ. 
In this case 3 slot HSDPA TTI has been assumed. HARQ feedback is transmitted over one 
uplink slot leaving at least 3 slots time for processing both in UE and Node B. 

For a fixed HSDPA TTI length, increasing the number (N) of parallel HARQ processes will 
improve the time diversity per process and could result in longer available processing times 
both at UE and Node B. Downside include the increased buffering requirements at UE, longer 
delay per process and higher uplink signaling load in case the HARQ state information need 
to be communicated to new Node B while doing FCS. These factors should be taken into 
account when defining the maximum for N. Note that for very short (< 3 slots) HSDPA TTI it 
could be beneficial to have N always greater than 2 because then, for example, the processing 
time requirements would not be too demanding. 

Maximum number of retransmissions could be fixed to a constant value or it could be a 
parameter whose value can be set based on various criteria. Defining it as a parameter would 
mean a bit more flexibility in controlling the delay characteristics over the air interface. Note 
that if some indication of the start of a new RLC PDU is send to UE it is not absolutely 
necessary for UE to know what is the maximum allowed number of retransmissions. Yet, due 
to signaling errors it is probably beneficial to negotiate that information between the network 
and UE in order to recover faster from erroneous situations. 

When N-channel HARQ is used in addition to other proposed performance enhancement 
techniques like AMC and FCS there are certain interactions between them that need to be 
considered. One example of interaction is the choice of MCS for retransmission. The choice 
of MCS for retransmission could be the same as that of the original transmission (fixed) or 
could be allowed to change (adaptive). If the delay between the original transmission and 
retransmission is long, the MCS level supportable to the user at the time of retransmission 
may be different. The change in the supportable MCS level to the user may be due to change 
in the channel conditions, available power and/or codes for HS-DSCH.  

 When FCS is applied it is probable that HARQ state information needs to be communicated 
to a new Node B. In order to minimize this signaling load in the uplink, the number of parallel 
HARQ processes should be kept small. This should be taken into consideration when defining 
the maximum value of N. At the time of cell selection, it is possible that some of the HARQ 
channels are pending recovery. Here again there is interaction between HARQ and AMC in 
terms of whether retransmissions need to be at the same MCS level or not. If the MCS level 
for retransmission needs to be the same, then MCS level used in the original transmission 
needs to be signalled to the selected cell. If the MCS level for retransmission may be 
different, then such signalling is not needed.  

----------------------------------------- End text proposal --------------------------------------------- 
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