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1 Introduction

In RAN2#60 meeting general decisions on UL HARQ protocol operation with respect to the interaction between PHICH/PDCCH reception and UE behaviour have been made. This contribution discusses two remaining open issues on the interaction between from the last meeting [1]. 

2 Discussion

Following UE behaviour in response to PHICH/PDCCH detection was agreed in the RAN2#60 meeting:

	
	UE detectsPHICH
	UE detectsPDCCH
	UE behaviour:

	1
	ACK/

NACK
	Trans.
	start new trans. according to PDCCH

	2
	ACK/

NACK
	Retrans.
	retransmit according to PDCCH

	3
	ACK
	None
	no retransmission

Keep data in buffer or clear buffer (FFS)

	4
	NAK
	None
	non-adaptive retrans.


PHICH content in case of synchronous-adaptive retransmission 

One of the remaining open issues on the UL HARQ protocol is the content of the PHICH (ACK/NACK/DTX) in case eNB schedules a retransmission by means of  PDCCH signalling, i.e. synchronous-adaptive retransmission. 
Since it was already agreed that UE follows the ACK/NACK detection result in case UE misses the UL grant for the retransmission (PDCCH) the consequences would be different depending on the PHICH content. 
If ACK is transmitted together with the UL grant for retransmission, the UE’s action in case of a misdetection of the PDCCH is to stop transmitting. In this case, UE does not cause any interference to other uplink transmissions. However, in case UE clears the HARQ buffer upon reception of ACK, which is the normal HARQ behaviour, the misdetection would result in a RLC retransmission in case of RLC AM or a lost packet in case of RLC UM.  

If NACK is transmitted together with the retransmission grant on PDCCH, UE would perform a synchronous non-adaptive retransmission in case of PDCCH misdetection. Depending on resource allocations to other UEs, the uplink retransmission by the UE could collide with other UE’s initial transmissions. However, if eNB monitors both the previously assigned resource and the newly assigned resource for the retransmission, eNB still has a chance to successfully decode the uplink data even in case of collision, e.g. by using an interference cancelling receiver. Furthermore the collision could be limited to a single TTI in case subsequent retransmissions are all explicitly scheduled by eNB.

If DTX is transmitted together with the UL grant, the UE interprets it either as ACK or NACK. The consequence would be as described above depending on the detection result. The merit of DTX is that the eNB can reuse the PHICH transmission power for the power boosting of other PHICH or PDCCH. Note that UE detection with 3-state (ACK, NACK and DTX) should be avoided in order not to degrade the detection reliability. 

In our view when scheduling a retransmission on the PDCCH the content of the PHICH should be decided by eNB scheduler implementation. The eNB can for example decrease the PHICH power and increase the UL grant power in order to ensure a sufficient high UL grant reception reliability by UE. The eNB can also transmit NACK in addition to an UL grant for retransmission when resource collision is not a concern. Furthermore it should be noted that usually the HARQ operation in the network, i.e. HARQ feedback signalling, is not standardized   

Proposal 1: The PHICH content when scheduling a retransmission on PDCCH is eNB implementation and not specified.


Keep/flush data in buffer upon reception of ACK

In case 3 of the table shown above UE detects ACK and no PDCCH. In such a case UE stops transmitting. It’s currently FFS whether UE should also clear the HARQ transmission buffer or not. Flushing the HARQ buffer would be the normal HARQ behaviour, i.e. as also specified for HSUPA. On the other hand it’s not possible to recover from potential NACK-ACK errors on the PHICH by retransmitting the data at a later transmission opportunity, i.e. eNB schedules a further retransmission of the data upon detection of DTX in the uplink.  When clearing the HARQ buffer a NACK-ACK error leads to a RLC retransmission in case of RLC AM or a packet loss in case of RLC UM.  

When discussing the severeness of a NACK-ACK error there are basically two scenarios which need to be considered. In the first scenario a single NACK-ACK error occurs on the PHICH, i.e. no transmission on PDCCH. The probability of such scenario is 10-4 to 10-3 according to RAN1. In the second scenario a NACK-ACK error on PHICH occurs and simultaneously the UE misses the PDCCH (retransmission grant). The probability of this scenario is even lower (10-6 to 10-5). Assumption is here that eNB is not forced to always transmit an ACK on the PHICH when scheduling a retransmission on PDCCH as described above.  Considering the low probability of the two mentioned scenarios there is no strong reason to optimize the NACK-ACK error case by a special mechanism in the UE. Therefore we think a simple behaviour where a UE clears its HARQ buffer upon detection of an ACK is preferable.   

Proposal 2: UE should clear the HARQ buffer when detecting an ACK and no PDCCH.
3 Conclusion 

This contribution discussed two open issues on the UL HARQ protocol operation . It’s proposed to agree on the following:

· Proposal 1: The PHICH content when scheduling a retransmission on PDCCH is eNB implementation and not specified.
· Proposal 2: UE should clear the HARQ buffer when detecting an ACK and no PDCCH.
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