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Introduction

In the last RAN1#38 meeting general decisions on the HARQ protocol and the combining schemes were made. It was agreed to adopt a synchronous N-channel stop and wait HARQ protocol, where the HARQ process number is implicitly derived from the (sub)frame number. Furthermore the support of incremental redundancy including non-self decodable RVs was agreed for HSUPA. There are some issues related to the HARQ related uplink signalling, which are still open. This contribution provides some discussion on the open issues and proposes a working assumption for the HARQ protocol.

HARQ related uplink signalling

The HARQ related uplink signalling will be discussed in the following. The information required to be signalled out-band for a synchronous HARQ protocol comprises:

· Redundancy version

· New data indicator

In order to support incremental redundancy, the redundancy version (RV) needs to be known at the receiver for every transmission respectively retransmission. One alternative is to tie the RV to the CFN (or subframe number) in a predefined way. The receiver could then derive the redundancy version parameters from the CFN. This approach avoids some misinterpretation of the RV due to signalling errors and furthermore reduces the signalling overhead. However one drawback of this approach is, that it cannot be guaranteed that the 1st transmission is always self-decodable. Since it was agreed that the initial transmission should always be self-decodable, only self-decodable RVs can be used when linking the RV to the CFN. As shown in simulations [3] the usage of non-self decodable retransmissions provides most of the gain with incremental redundancy. Therefore an explicit indication of the redundancy version might be desirable. Since 2 RVs are considered to be sufficient, it is assumed that 1 bit for the indication of the redundancy version is required. 

The new data indicator (NDI) is used to control when soft combining should take place, respectively when the soft buffer should be flushed. The uplink control signalling needs to be very reliable in a soft handover scenario. Not all Node Bs in the Active Set may always be able to receive the associated control signalling from UE, which may lead to erroneous combining of new packets with previously stored packets. A correct decoding will not be possible in that case. In order to provide a correct protocol operation during soft handover some enhancements in the HARQ process operation are required as shown in [1]. A simple means in order to reduce the occurrence of a soft buffer corruption is to increase the size of the new data indicator since an one bit NDI does not give sufficient reliability against error cases in a soft handover scenario[1]. It is assumed that a NDI coded with 2 bits provides sufficient reliability for a correct HARQ protocol operation. 
In [2] it was proposed to code the RV and the NDI jointly by introducing a retransmission sequence number (RSN), represented by 3 bits. Each initial transmission is indicated by a RSN=0. The RSN is incremented by one for each retransmission. The RSN controls soft buffering such, that the soft buffer is cleared whenever a RSN equal to zero is received. Soft combining with previously stored data packets should be performed when receiving an incremented RSN. The redundancy version is also controlled by the RSN, by specifying for example a fixed sequence of redundancy versions. Each RSN corresponds to a predefined RV. 

In the Annex of [2] an additional error case, which might occur when using a RSN compared to a multi-bit NDI, was presented. The same scenario is shown in figure 1. In this exemplary scenario an error case might occur when a single transmission is not detected by an active set Node B. In this example Node B2 misses the E-DCH transmission at CFN=7. However in case of a synchronous HARQ protocol this possible error case can be detected by a Node B and hence a soft buffer corruption can be avoided. Since retransmissions take place at a predefined timing, Node B2 is aware of that, if a retransmission of Packet B had taken place at CFN=7 the RSN for the second retransmission of Packet B at CFN=10 would have been RSN(CFN=10)=2. Therefore Node B would have been aware of the transmission of a new data packet (Packet C) at CFN=7 and would hence flush the corresponding soft buffer.


[image: image1.wmf]1

2

3

1

2

3

1

2

3

1

2

RSN 

Node B

2

Node B

1

NAK

ACK

NAK

ACK

NAK

NAK

Wrong combining when not 

considering the CFN

X

(

misses transmission

)

000

000

000

001

3 

-

Channel SAW HARQ proctocol

HARQ Process

CFN

1

2

3

4

5

6

7

8

9

10

11

E

-

DCH

Packet A

Packet B

Packet C

Packet C

„expected RSN“ at 

Node B

2

000

001 

-

> 

000

001

010 

-

> 

001

Soft buffer is flushed 

(

inital 

transmission

) 

and „expected 

RSN“ is set to zero

Soft buffer is flushed 

(

RSN 

? 

expected RSN 

) 

and „expected 

RSN“ is set to RSN value

„expected RSN“ at 

Node B

1

n

.

a

.

n

.

a

.

000

001


Figure 1: Example for error case for RSN

As described above in order to provide a correct HARQ protocol operation, the active set Node Bs need to consider the CFN of each (re)transmission. Every Node B needs to monitor the time, i.e. count the CFNs, elapsed since storing a data packet in the soft buffer till the next received E-DCH retransmission. In the example shown above Node B2 counts 6 CFNs between storing Packet B in the soft buffer at CFN=4 and the reception of an E-DCH transmission at CFN=10. If the number of counted CFNs divided by the HARQ RTT, which is in the example 3 CFNs, is not equal to the difference of RSN(CFN=10) and RSN(CFN=4), then the Node B has to flush the corresponding soft buffer in order to avoid a soft buffer corruption. 

A simple means in order to provide a correct and robust HARQ protocol operation during soft handover is to introduce for each HARQ process a retransmission counter in the active set Node Bs. The counter monitors the elapsed time, i.e. HARQ cycles, since a data packet was stored in the corresponding soft buffer (NAK). In the example shown above the retransmission counter, which is referred to as expected RSN, in Node B2 is set equal to zero at CFN 4, since the received RSN(CFN=4) is equal to zero. At CFN=7, one HARQ cycle later, the expected RSN is increased by one. Since no control signalling was received and the maximum number of (re)transmissions was not exceeded the soft buffer is not flushed. At CFN=10, the expected RSN at Node B2 is equal to 2. Since the received RSN is not synchronized with the expected RSN at Node B2, the soft buffer will be flushed and Node B2 sets the expected RSN equal to 1 in order to synchronize both timers. In case the expected RSN exceeds the maximum number of (re)transmissions, the active set Node Bs can flush the corresponding soft buffer before receiving the next RSN, which provides a more efficient buffer management.  

As shown above when considering the CFN of each (re)transmission a correct HARQ protocol operation can be guaranteed. As outlined in [2], the RSN can also be used to assist the outer-loop power control. It is proposed to apply a joint coding of the RV and NDI by introducing a retransmission sequence number (RSN) for the E-DCH HARQ protocol.  

Synchronous retransmissions in power-limited situations

In a synchronous HARQ protocol, the transmitter should always send the retransmissions to the receiver at a predefined retransmission timing. However it is not decided yet, if the UE is required to send a retransmission packet at the predefined timing even in case of power limitation with reduced transmission power. In order to guarantee a correct protocol operation the retransmission sequence number should be increased even though the UE does not send a retransmission due to power shortage. Figure 2 shows an example where the RSN is not increased when retransmission was not sent at the expected timing.
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Figure 2
Since the active set Node Bs are not aware of, that the UE didn’t send the retransmission due to lack of power and a RSN=1 is received at CFN=7, they will flush the corresponding soft buffer in order to avoid a wrong combining. This unnecessary deletion of already received data wouldn’t allow the exploiting of the soft combining gain. Therefore it is proposed, that either retransmissions are always sent at the predefined timing in some cases with reduced power, or even though the UE does not send a retransmission in power-limited situation, the RSN is increased by one. Our preference is that UE sends always the retransmission at the expected timing even in power-limited situation.

Conclusions
Open issues on the HARQ protocol have been discussed in this contribution. It is proposed to agree on the following:

· A retransmission sequence number (RSN) is used to indicate the redundancy version and to control the soft combining

· The active set Node Bs need to monitor the time between successive received (re)transmissions in order to provide a correct protocol operation

· Retransmissions are always sent at the predefined timing or the retransmission sequence number (RSN) is increased, even though the UE doesn’t send a retransmission at the predefined timing due to lack of power
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