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1 Introduction

At the RAN1#60 meeting [1], a single set of PHICH resources shared by all UEs (Rel-8 to Rel-10) was agreed as a working assumption and it was also agreed that the DM RS cyclic shift mechanism remains available and can be used to reduce PHICH collision probability. However, the question of whether an additional standardized mechanism for handling PHICH collision is needed or not was left for further discussion. In this contribution, we further analyze the issues and provide our suggestion regarding this question.
2 The need for additional mechanism to handle PHICH collision

It was recommended in [2] not to over-emphasize the impact of UL MU-MIMO on the issue of PHICH collision. However, it is possible in LTE-A that up to eight UEs could participate simultaneously in a UL MU-MIMO transmission. While PHICH collision problem arose from this scenario could be alleviated by use of the cyclic shift mechanism, with the introduction of carrier aggregation in LTE-A, the simpler Rel-8 mechanism to ensure proper handling of PHICH collision is probably not sufficient -  considering issues such as different UE specific asymmetric mapping scenarios, the number of scheduled UEs, PHICH resource group configurations, possible additional usage of DM RS for other purposes and possible other issues, the cyclic shift mechanism which might work for Rel-8, is not likely to work for Rel-10. The consequence of only applying the cyclic shift mechanism would be scheduling restrictions, which would further lead to performance degradations.

For SPS, due to the fact that the current Rel-8 DM RS cyclic shift mechanism is not available for SPS connections because all DM RS cyclic shifts should be always set to be zero in the SPS PHICH resource mapping, the PHICH collision handling with cross-carrier scheduling for UL SPS transmission seems to be a problem. However, considering that there is no strong reason to schedule UL SPS transmissions in a cross-carrier way, SPS transmissions may well be accommodated by paired DL and UL CCs indicated by system information similarly as in Rel-8, so there will be no PHICH collision problem for SPS transmissions. If there turns out to be problems with such restriction, then solution to PHICH resource collision should also properly handle SPS transmissions.

It has been demonstrated that additional mechanism is needed to handle PHICH collision problem. However, since the additional mechanism is a complement to the already agreed cyclic shift mechanism, it should cause as little specification impact as possible.

3 Issue with proposed solutions to PHICH collision

Proposed solutions to PHICH resource collision include carrier specific offset [3] and serial numbering of UL carriers [4], the latter being a special case of the former. There are issues with these proposed solutions. While the principles of these two mechanisms are alike, here we just take the serial numbering of UL carrier for example to show that there are several aspects which make them not a good complement to the existing cyclic shift mechanism.

Firstly, the amount of PHICH resources needed to be reserved in order to get enough benefit of the serial numbering scheme might be unbearably high. In the serial numbering scheme, different DL carriers may have to provision for PHICH resources corresponding to the same multiple UL carrier resources. While it could be argued that PHICH takes up low bandwidth overhead in Rel-8, in Rel-10 PHICH resources reserved on one DL carrier have to provision for all UL carrier resources that could be assigned by the grant coming from that DL carrier, and the same amount of resource should be reserved on each and every DL CC in the system. This degree of redundancy would constitute a large resource waste, and considering the already limited control channel resources, it is not a good solution to do so.

Secondly, under the current agreed single PHICH resource constraint, for the case of more than two UL CCs mapped to one DL CC, UL SPS transmissions with “unique” PRB indexing may still correspond to the same PHICH resource even with maximum PHICH resource group configuration, i.e. Ng set to 2. In this case, additional eNB scheduling rearrangements might be needed to ensure proper handling of PHICH resource collision.

Another solution which has been proposed is to bundle VoIP frames, and transmit once every 40 msec instead of every 20msec. The implications of this on speech delay and performance need to be better understood and demonstrated.

Another assumption which has been stated has been that SPS will always be assigned 2 RBs. We think that it is quite likely that SPS operation may be based on 1 RB assignments, and this case should not be ruled out by assumption of only 2RB assignments as a solution to the PHICH collision problem.

4 Proposed handling of PHICH collisions
As previously indicated in [5], we propose solving the PHICH resource collision by HARQ bundling and adaptive retransmission. As shown in Table 1 with the example of 1:2 UE specific DL/UL configuration, the HARQ bundling concept which was used in the Rel-8 PUCCH could be applied such that when none of the PUSCHs corresponding to the same PHICH resource are decoded correctly, the bundling HARQ status is set to NACK, otherwise (i.e. when any one of the PUSCHs is decoded correctly) the bundling HARQ status is set to ACK. The PUSCH whose bundling HARQ status is thus ACKed but actually is wrongly decoded could be retransmitted on the same component carrier through the adaptive retransmission which has already been defined in Rel-8 [6].

Table 1: Proposed mechanism to handle PHICH collision

	HARQ status for transmission on UL CC1
	HARQ status for transmission on UL CC2
	Bundled HARQ feedback sent by eNB
	PDCCH sent by the eNB
	UE behaviour

	ACK
	ACK
	ACK
	New Transmission
	New transmission according to PDCCH

	ACK
	NACK
	ACK
	Retransmission for transmission on UL CC2
	Retransmission according to PDCCH (adaptive retransmission)

	NACK
	ACK
	ACK
	Retransmission for transmission on UL CC1
	Retransmission according to PDCCH (adaptive retransmission)

	NACK
	NACK
	NACK
	None
	Non-adaptive retransmissions for both CCs


The same mechanism can also be applied in the SPS transmissions. One may be concerned with the PDCCH overhead associated with the adaptive retransmission since if two SPS transmissions should once collide together, they would always collide due to the fixed periodicity configurations. However, it could be justified that due to the relatively conservative MCS setting and robust VoIP service provisioning even for the cell edge UEs, the frequency of retransmissions in SPS transmissions, at least for the majority UEs not on the cell edge, might be relatively lower than that of dynamic scheduled transmissions. Furthermore, it can be seen from Table 1 that adaptive retransmissions are only required when the UL transmissions having different HARQ status, which again imply that the PDCCH overhead for adaptive retransmission might not be very large. 

5 Conclusions

The HARQ bundling mechanism proposed in this contribution involves little specifications impact since only the eNB behavior in Table 1 needed to be standardized. This mechanism does not impose any scheduling constraint and does not require more PHICH resources than Rel-8. The overhead introduced by adaptive retransmission is minor, especially when the PHICH resource collision does not occur very often. With the above in mind, the proposed HARQ bundling and adaptive transmission mechanism could be a good complement to the already agreed cyclic shift mechanism to resolve the PHICH collision problem, hence our proposals are concluded as:
Proposal 1: An additional mechanism for handling PHICH collision is needed.

Proposal 2: HARQ bundling and adaptive transmission can be a good complement to the already agreed cyclic shift mechanism to alleviate the PHICH collision problem.
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