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1 Introduction
According to [1], agreement on PHICH is as follows:

· Besides the cyclic shift mapped from UL DM-RS in Rel-8, specification of an additional mechanism is necessary to alleviate the PHICH collision problem in carrier aggregation
· Details FFS

· Specified solution shall conform to the working assumption, which is to be confirmed at RAN1#60bis if no fundamental problem identified
· Single set of PHICH resources shared by all UEs (Rel-8 to Rel-10)

· Specified solution shall at least consider the SPS case where cyclic shift is not available
According to email discussion after RAN1 #60, the following issues are remained to be decided:

· Whether an additional standardised mechanism for handling PHICH collisions needed 
· Additional mechanism is valid only for SPS UL transmission or for all UL transmission with cross-carrier scheduling
· Which scheme is appropriate as the additional mechanism
In this contribution, we provide our views on these issues.

2 Discussion
2.1 PHICH resource collision
For dynamic scheduling, PHICH collision can be resolved by coordination scheduling. The existing CS mechanism is not available for SPS cross-carrier scheduling, since the CS is set to 0. Additional mechanism is proposed for needs of SPS traffic with cross-carrier scheduling.
PRB index can be totally or partially overlapped between CCs in LTE-A, so the lowest PRB index collision probability is larger than Rel-8 for dynamic cross-carrier scheduling. For the case that the lowest PRB index is the same between CCs, CS adjustion can be used to resolve the collision. But for UL SU-MIMO/MU-MIMO cross-carrier scheduling, it may easily result in CS resources shortage. When CS resources are used up, the only method is to coordinate the lowest PRB index between CCs. Then, the scheduling flexibility is worse than Rel-8. 
For LTE-A SPS, even if the largest PHICH resources are reserved (
[image: image1.wmf]2

=

g

N

), a significant portion of PHICH resources can’t be used and the collision probability is the same as that of
[image: image2.wmf]1

=

g

N

, because CS is always set to 0. And the collision will increase as the number of cross-scheduled CCs increases, which could be up to 5 CCs. So the collision problem is even worse than R8.
From the above analysis, the increase of PHICH collision burden in LTE-A mainly depends on UL MIMO cross-carrier scheduling and SPS cross-carrier scheduling. So, we propose to have additional mechanism. This additional mechanism should be applied to all cross-carrier scheduling cases including dynamic scheduling and SPS, to maintain consistence of PHICH allocation 
Proposal 1: Additional mechanism is necessary to resolve PHICH collision.
Proposal 2: Addition mechanism should be applied to all cross-carrier scheduling cases, including dynamic scheduling and SPS.
2.2 Additional mechanism to resolve PHICH collision
According to the analysis in Section 2.1, additional mechanism is necessary to resolve PHICH collision. The proposed approaches mainly include PRB shift[2][3][4][5] and PRB concatenation and continuously indexing between multiple CCs[6]. We analyze the following case: 
UE is scheduled with UL CC1 and UL CC2 by DL CC1 and CS is invariable. The bandwidth of UL CC1 and UL CC2, DL CC1 is same size and the PUCCH regions of UL CC1 and UL CC2 is same size.
Approach 1: PRB shift

As the reserved PUCCH resources has less probability to be scheduled as PUSCH, collision of PRB index between CCs can be reduced by PRB index shift to PUCCH mapping region (Figure 1). The corresponding PHICH resources of the PRB index of PUCCH shall not collide with other CCs or have less collision probability. And this also improves PHICH resource utilization. When
[image: image3.wmf]1

=

g

N

, each PRB corresponds to one PHICH resource. It is shown in Figure 1, when PUCCH region of each CC takes up 10% of the whole CC bandwidth, PHICH collision probability is reduced by 20% by PRB shift. That is, when PUCCH region of each CC takes a% of the whole CC bandwidth, PHICH collision probability is reduced by 2*a% by PRB shift. It should be metioned that the PUCCH region reclaimed by PUSCH scheduling is quite small in case of SPS scheduling.
[image: image4.png]PRBindex012...

cc,

PRBindex012...

Cyclic Shift value




Figure 1 Illustration of carrier specific PRB cyclic shift
Approach 2:  PRB concatenation and continuously indexing between multiple CCs

Concatenate PRBs of multiple CCs that are schedulable for UE, then continuously indexing these PRBs, so every PRB index is unique.When
[image: image5.wmf]1

=

g

N

, PHICH resources repeat in the period of 
[image: image6.wmf]DL

RB

N

. After contatenating PRBs of CC1 and CC2, the PHICH collision reduction probability is rather low. When  
[image: image7.wmf]2

=

g

N

,  the case is equivalent to one CC with the bandwidth 
[image: image8.wmf]DL

RB

2

N

 and 
[image: image9.wmf]1

=

g

N

. After contatenating PRBs of CC1 and CC2, every PRB index of CC1 and CC2 corresponds to a unique PHICH resource. When the number of CCs exceeds 2, no further collision reduction is archived, since the PRB circle around.. 
According to the above comparison and analysis, we can see both approachs could reduce the PHICH collision. But approach 2 need optimization for reduce the PHICH collision when 
[image: image10.wmf]2

g

N

<

 or the number of CCs is more than 2. Approach 1 can use the unused PHICH mapping region. So we suggest to take all aspects into consideration for PHICH allocation 
Proposal 3: Consider both PHICH concatenation and Utilizting of unused PHICH mapping region .
2.3 Others

As UL transmission in R10 introduces SU-MIMO, multiple cyclic shifts of DMRS are assigned to one UE in UL grant, every codeword may correspond to one or multiple cyclic shifts for multi-layer transmission, so how to choose cyclic shift of DMRS in PHICH resource mapping fomula needs to be clarified. As a straightforward solution, the CS of DMRS on the lower layer of each codeword is used in PHICH resource mapping.
Proposal 4: PHICH resource mapping for SU-MIMO needs further study.
3 Conclusion
In this contribution, we provide our views on the remaining questions about PHICH design and propose:
· Additional mechanism is necessary to resolve PHICH collision.

· Addition mechanism should be applied to all cross-carrier scheduling cases, both dynamic scheduling and SPS.
· Consider both PHICH concatenation and Utilizting of unused PHICH mapping region.
· PHICH resource mapping for SU-MIMO needs further study.
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