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1
Introduction

In the RAN3#45 meeting in Shinyokohama,  it was agreed to have the indication of unsuccessful HARQ operation from Node B to SRNC for OLPC(Outer Loop Power Control).  

This paper proposes detail solution for the failure indication and also looks at open issues regarding this failure indication in TR.

Excerpt from internal RAN3 TR

------------------------------------------------------------------------------------------------------------------------------------------------

6.3.2
Outer Loop Power Control

For delay-sensitive conversational class flows, it may be desirable to limit the maximum number of retransmission attempts to only a few. This is particularly true for 10 ms TTI, where the payload may lose its relevance to the application in case it is delayed for more than one or two HARQ retransmissions.

When operating the HARQ close to the maximum retransmission limit, a change in the radio conditions could result in a situation where the receiver fails to decode the payload within the allowed number of HARQ retransmissions. However, the Outer Loop Power Control (OLPC) situated in the SRNC will not increase the SIR target, unless it is made aware of the decoding failure. Thus, there is a risk that subsequent HARQ failures would follow and the SIR target would remain at a too low level.

For this reason, there shall be a HARQ Decoding Failure Indication from the Node B to the RNC. The purpose of such a signal would be to guide the OLPC in its control of the SIR target. Without any such information, the RNC has no means to detect if an interruption in frame reception is due to discontinued transmission or too low SIR target.

The Node B may detect the failure through the discontinuation of the retransmission events.

The following items are FFS:


Details on the way the HARQ Decoding Failure Indication is signalled. For example, this indication could be a specific value of the number of HARQ retransmissions field (e.g. 15) inserted into an UL data frame with TB block size set to zero. If the HARQ decoding failure indication is transmitted in the U-plane, then it shall be timestamped with the CFN + subframe number when the last unsuccessful attempt to decode occurred;


Rule for choosing a transport bearer (i.e. a MAC-d flow) on which to send the failure indication. This is so because the MAC-d demultiplexing information is contained inband (i.e. within the MAC-e PDU) and is unknown to the Node B prior to successful decoding;  


The case where MAC-d flows with different retransmission limits are multiplexed within the same MAC-e PDU; 

· Optimisation of the Soft HO case (e.g. a means for resetting the retransmission counter in a Node B in case a MAC-e PDU was successfully received via another Node B.

2 Proposal

(Definition of the Indication)

Before going to the solution for the failure indication, it should be defined which case Node B shall report the Failure Indication to SRNC. 

The following is our view on the cases that Node B sends the Failure (typically Node B cannot distinguish these cases)

· UE discontinues the retransmission of the packets due to the fact that the number of retransmission reaches the max.

· UE discontinues the retransmission of the packets due to the UE’s NACK to ACK error.

· UE discontinues the retransmission of the packet due to the fact that the UE receives ACK from other Node B whereas the Node B sends NACK to the UE.

Node B does not send the Failure Indication in case E-DPCCH is missed for all retransmission since Node B is not able to distinguish whether there were the transmission or not. 

(Proposal for the indication)
At the past two meeting, it was proposed to use a special value (e.g 15) of the “Num of HARQ retransmission” fields in UL E-DCH DATA FP with TB block size set to zero, i..e. N=0. [1]

This solution has the drawback that RNC does not know how many transmission attempts there were before the failure. This is especially harmful if the failure is due to NAK to ACK feedback error, since then the number of attempts may be small (even only one) and RNC should get this info. Based on this the RNC can in many cases guess whether the failure was due to NAK to ACK error or due to max number of transmissions. 

Instead of using the ‘Num of HARQ retransmissions’ field together with N=0 to indicate the failure, we propose to use a special value of the DDI field (=111111) to indicate the failure. This has the advantage that the ‘Num of HARQ retransmissions’ field can be used for its normal purpose: to tell the number of HARQ retransmissions. Normally it tells how many retransmissions were required to get the transport block through correctly. Now with this proposal it tells the number of HARQ retransmission attempts before the failure. Thus the RNC gets this information also in the case of failure.

In the air interface, the DDI value ’111111’ is reserved to indicate possible padding at the end of the MAC-e PDU. This value is not sent over the Iub (only the MAC-es PDUs are sent).. Thus this DDI=111111 value can be used to indicate HARQ failure in the FP header and to route the failure indication in the RNC. 

(Implementation of the failure in FP spec)

There are two following possible solutions for implementing the failure indication in FP.

Alternative 1) the Failure indication in E-DCH Data Frame without any data (stand alone)

Alternative 2) the Failure indication in E-DCH Data Frame with other correct data (piggybacked)

Alternative 1)

Three possible FP structures are presented in [2]. As one of examples for implementation of alternative 1 for the failure indication, we use the FP structure in Figure 3 in [2]. 
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Figure 1 : Stand alone HARQ Failure Indication by Data Frame

DDI field is set to 111111 to indicate the HARQ failure. Num of MAC-d PDUs field is preferably set to 0 to indicate that there is no MAC-es PDU attached. The extension flags (F) are also set to 0 to indicate that no more headers follow (the first flag indicates that no more subframes follows and the second flag indicates that no more DDI+N fields follow). The ‘Num of HARQ retrans’ field is set to the actual number of retransmission attempts. The CFN and Subframe number tell when the last (re)transmission attempt for this block was received.

Alternative 2) 

Another alternative is to send the HARQ failure indication together with other data if there is correct data to be sent at the same time. This may often be the case, especially with 2 ms TTI, if 10 ms FP frames are sent over the Iub. 

In this case, the above in Fig. 1 presented header portion is sent together with normal data header portions. The special value of DDI (=111111) tells that this header portion is HARQ failure indication and together with N=0 that there is no MAC-es PDU associated with this header portion. The associated Subframe number field tells the time and the Num of HARQ retrans field tells the number of retransmission attempts before the failure. The HARQ failure indication can be interpreted as one additional subframe in the DATA FRAME of multiple subframes.

With this kind of piggybacked HARQ failure indication, the CFN of the current data frame may not be the same as the CFN of the HARQ failure. This is a typical case if the failure is noticed when the UE started a new transmission instead of the retransmission: then the failure is noticed after the round trip time of the HARQ protocol. Therefore, the CFN of the HARQ failure can be added to the DATA FRAME (e.g., as a one octet payload), see Fig. 2. 

Alternatively, the three spare bits after the N field of the HARQ failure indication could be used to tell a CFN offset for the failure, i.e., CFN of the HARQ failure = CFN - CFN_offset. This would save one octet but the header portion for HARQ failure indication would not anymore be identical with the normal header portion.
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Figure 2 : Example for a piggybacked HARQ failure indication (the coloured part)

Looking at other open issue

Rule for choosing a transport bearer (i.e. a MAC-d flow) on which to send the failure indication. This is so because the MAC-d demultiplexing information is contained inband (i.e. within the MAC-e PDU) and is unknown to the Node B prior to successful decoding;  

As desribed in [1], in case UE discontinues the retransmission for the packet that Node B could not decode on E-DPDCH, there are no means for Node B to know which MAC-d flows’s information is multiplexed in the MAC-e PDU in the E-DPDCH. There are two solutions, one of them is that Node B sends the failure indication over all transport bearers (MAC-d flow) and another one is that Node B sends the failure indication over transport bearer guessed by Node B. The latter one saves some Iub capacity, especially if the HARQ failure is sent piggybacked with some data. Even in this case, the RNC should understand that the HARQ failure indication is not necessarily for this MAC-d flow. Both solutions are acceptable for us.


The case where MAC-d flows with different retransmission limits are multiplexed within the same MAC-e PDU; 

If a HARQ failure is indicated always when Node B receives a new transmission in a HARQ process where a retransmission was expected, then this should not be a problem. The Node B then reports all HARQ failures, not only those with max number of transmissions.

· Optimisation of the Soft HO case (e.g. a means for resetting the retransmission counter in a Node B in case a MAC-e PDU was successfully received via another Node B.

This should not be a problem: the retransmission counter is reset when the Node B receives next block with a smaller RSN than expected.

3
Conclusion 

We proposes that RAN3 agrees

· to use a special value of DDI field for the HARQ Failure Indication and include the Num of HARQ retransmissions 

· to select alternative 1 or 2 in chapter 2 or both (in fact alternative 1 can be seen as a data frame with no MAC-es PDUs)

· to close open issue for the HARQ Failure Indication
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