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1. Introduction

The Working Assumption after RAN3 #45 is that Node B will indicate the HARQ number of retransmissions to the SRNC in the Iub/Iur data frame. It was also agreed at RAN3 #45 that a HARQ Failure Indication is needed.

Furthermore contribution R3-041503 at RAN3 #45 [1] discussed how HARQ Retransmissions and HARQ Failure could be signalled to the SRNC. It also identified some problems with HARQ Failure Indication. These are now addressed in this contribution.

2. Problem

At RAN3 #45 it was agreed that a HARQ Failure Indication from the Node B to the RNC is needed. “HARQ failure”, or “unsuccessful decoding” implies that HARQ re-transmissions in a HARQ process are terminated prior to successful decoding in the Node B.

An indication of HARQ Failure from the Node B to the SRNC can be vital for SRNC Outer Loop Power Control, in cases when the present SIR target results in unsuccessful decoding. Without such notification, there are no means for the Outer Loop Power Control to observe the behaviour, and the outer loop can therefore not identify that a SIR target adjustment would be needed. 

Although it was agreed that an HARQ Failure Indication is needed at RAN3 #45, the details on how the indication is to be generated and signalled to the SRNC were not solved. The remaining questions are:

1. Mac-d flows with different number of max re-transmission attempts:
It is assumed that different Mac-d flows can have different number of maximum HARQ retransmission attempts. The maximum number of HARQ retransmissions per Mac-d flow is signalled to the Node B from the SRNC. It is not possible for the Node B to judge whether the max attempts was reached by simply observing the RSN, as RSN is limited to value range 0 through 3. Instead the limit is linked to the Mac-d flow identity, which is invisible to the Node B prior to successful decoding.

2. Transport bearer association:
At times of HARQ decoding failure in the Node B, it is not possible to judge which Mac-d flow the payload belonged to. Thus there is a need of a rule saying over which transport bearer the failure notification should be transmitted.

3. Soft-handover:
When the mobile is in soft-handover, it is not possible for the Node B to identify whether the discontinuation of the re-transmissions where due to successful reception at another Node B, or if the re-transmissions where discontinued since the maximum limit was reached. Thus, there is a need for a rule identifying how the Node B should behave in case the UE is in soft-handover.

4. How to signal the HARQ Failure
The HARQ failure can be signalled to the SRNC in different ways, e.g. using the user plane or the control plane.

Furthermore a more detailed description on how to generate the agreed indication of Number of HARQ Retransmissions is still missing in version 6.1.0 of 25.427.

3. Discussion

Mac-d flows with different number of max re-transmission attempts

Unsuccessful decoding implies that HARQ re-transmissions in a HARQ process are terminated prior to successful decoding in the Node B. This can be identified either through 

1. Identification of a New Data Indicator for that HARQ process.

2. No identification of any transmission for that HARQ process.    

The first case occurs when the Node B has failed to decode the payload of a HARQ process after a number of HARQ retransmissions, and receives a New Data Indicator (NDI) for that HARQ process.  In this case, the Node B knows for sure that HARQ decoding was unsuccessful. This case may occur when the terminal has more data to send and has scheduling grants to do so. Then, the Node B can send the HARQ Failure Indication to the SRNC.

In case 2, it is possible to identify two distinct reasons: (a) Nothing is sent on the HARQ process in question; (b) The Node B is unsuccessful in decoding the HARQ related outband signalling on the E-DPCCH. For (a), the correct measure would be to transmit a HARQ Failure Indication immediately. In order to cover situation (b) as well as (a), it is possible to define a rule as follows:

When max retransmissions for the Mac-d flow with the highest maximum HARQ retransmissions have occurred, or should have occurred in case the HARQ related outband signalling on the E-DPCCH could not be decoded, then the Node B should send the HARQ Failure Indication. 
Transport bearer association

A rule for which transport bearer to use for the HARQ Failure Indication can be defined in a number of ways. It could be:

1. Send the HARQ Failure Indication in an arbitrary transport bearer used by the UE connection

2. Send the HARQ Failure Indication in the transport bearer carrying the highest priority Mac-d flow

The latter rule seems to be the best since SRNC then knows where to expect HARQ Failure Indications, and it ensures that the HARQ Failure Indication is forwarded with minimum delay.
Soft-handover

Several potential solutions were identified in R3-04:1503: 

1. A simple solution is to oblige Node B to always send a HARQ failure indication when the re-transmissions are discontinued prior to successful decoding. Provided Node B stamps the decoding failure with a CFN+ subframe number, it is then possible for the RNC to judge if the failed reception was successfully delivered from a different Node B. However, this solution could result in a somewhat increased overhead.  

2. To reduce overhead, a solution could include periodic reporting of decoding failure, in case the de-coding failures persist. Such a solution would still retain means to do OLPC recovery, though the SIR target adjustment could be delayed somewhat.

3. Or, it could be desirable to demand only the serving Node B to report on failures. The adequacy of this solution is due to the fact that the severity of continuous HARQ failures arises only if none of the Node Bs can decode the payload within the maximum re-transmission limits.
The third alternative has the advantage that it eliminates duplication of HARQ Failure indication. Still there is the possibility that HARQ decoding was successful in another Node B while unsuccessful in the serving Node B. In this case HARQ Failure Indication would be sent unnecessarily by the serving Node B to the SRNC, but this is considered a minor disadvantage since in average the serving Node B will be the most successful in HARQ decoding among the Node B involved in the soft handover. Avoiding this small disadvantage would lead to complex solutions like control signalling between the Node B’s involved in the soft handover.

How to signal the HARQ Failure

As the main purpose of sending a HARQ Failure Indication is to give input to the OLPC algorithm located in the SRNC and it is associated with a specific user, it is natural to send the indication using the user plane. This can be done with a very minor addition, namely to reserve a special value of the Number of HARQ Retransmissions field already included in the user data frame for EDCH. The highest value (15) is certainly the best choice since this limits the least the value range of the field (0-14 instead of 0-15). 

The payload part of the user data frame containing the HARQ Failure Indication need to be empty. This can be done by setting the length indicator (Number of Mac-es PDUs IE in 25.427 ver 6.1.0) in the header to zero.

Detailed description on how to generate the Number of HARQ Retransmissions

RAN2 has agreed that a RSN will be sent over the Uu. It’s value is [0-3]. After the third retransmission attempt, an RSN value of 3 is used by the UE for all subsequent retransmissions. It is further agreed that the SRNC shall be made aware of the number of retransmissions used for successful decoding.

If HARQ decoding is successful at first attempt (no retransmissions) an RSN value of zero (0) is contained in the Uu frame that Node B receives. A value zero (0) is then inserted by the Node B into the Number of HARQ Retransmissions IE in the UL data frame. For 1 and up to 3 retransmissions, the Node B can simply map the received RSN into the Number of HARQ Retransmissions IE. For 4 or more retransmissions when the UE will just repeat a RSN value of 3, the Node B will need to insert the actual number of retransmissions used, values 4-max. A rule as outlined above needs to be inserted into 25.427. 

4. Proposal

We propose the following:

· RAN3 agrees on the outlined rule for how to do the transport bearer association for the HARQ Failure Indication

· RAN3 agrees on the outlined rule for how to determine that the maximum number of retransmissions have occurred

· RAN3 agrees on the outlined rule (third alternative) for which Node B sends the HARQ Failure Indication in the case of soft handover

· RAN3 agrees on the outlined way of signalling the HARQ Failure Indication

· RAN3 agrees on the CR 100 to 25.427 found in Tdoc R3-050100
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