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1. Background
In RAN1 #60 meeting, the working assumption regarding the size of PHICH resource was agreed as follows:

· Single set of PHICH resources shared by all UEs (Rel-8 to Rel-10)
The remaining question is how to PHICH resource is mapped in carrier aggregation scenarios. In this contribution, the PHICH resource mapping schemes are compared and discussed in non-SPS and SPS cases.
2. PHICH Resource Mapping
In LTE, a PHICH resource is identified by the index pair of a PHICH group and a PHICH sequence, where those index pair is determined by the lowest PRB index and cyclic shift for DMRS in the first slot of the corresponding PUSCH.
In 1:N of DL:UL or UL heavy CC scenarios, the PHICH resource separation and mapping schemes proposed so far can be categorized as follows:
· Option 1:  No signaling for  separation of PHICH resource for each UL CC

· Option 1a:  Reuse of Rel-8 PHICH mapping per UL CC
· Option 1b:  Reuse of Rel-8 PHICH mapping for serially-numbered UL PRBs in UL CCs
· Option 2:  Signaling for separation of PHICH resource for each UL CC
The Option 1 has no signaling for separation of PHICH resources for UL CCs, and thus, PHICH resources can be implicitly mapped to all LTE-A PUSCHs transmitted in different UL CCs [1][2]. The Option 1a can be defined as a mapping reuse scheme that the lowest PRB of a cross-scheduled PUSCH can be assigned to a PHICH group like Rel-8. Thus, the same PRB index in two different UL CCs will have the same PHICH group, and the PHICH collision should be resolved by different cyclic shifts of DM-RS [1]. Even with small number of cross-carrier scheduled UL CCs, the scheduler should consider not only UL channel condition but also joint coordination of PHICH resources over multiple UL CCs in order to avoid PHICH collisions. It is necessary to have a full level of joint coordination among PHICH resources over multiple CCs. 
In order to reduce this burden of scheduler, another implicit mapping rule could be applied. The Option 1b is a scheme to serially numbered UL PRBs in the cell-specific UL CC ordering, and to map serially-numbered UL PRBs to PHICH resources [2]. Thus, PHICH resources can be assigned exclusively to UL PRBs even without cyclic shift mechanism when the given PHICH resource controlled by 
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 is enough. The scheduler burden can be reduced more than in Option 1a. However, it is noted that the Option 1b needs a careful rule on the serial numbering of UL PRBs. Otherwise LTE UEs might use PHICHs of a PHICH subset which is supposed to be used for LTE-A UEs. 
In the Option 2, the PHICH resources are semi-statically separated per UL CC [3], and the partition can be realized in two dimensions; PHICH group index or cyclic shift of DMRS or their combination. Since each UL CC has assigned an isolated PHICH resource region, it’s not necessary that the scheduler jointly coordinates PHICH resources over multiple UL CCs, but it needs to modify the current Rel-8 PHICH to resource mapping equation
In addition, if the separated PHICH resource for the cross-scheduled UL CC, which is not paired with the PHICH-transmitted CC, overlaps with LTE PHICH resource, the LTE UE would still read the PHICH resource region which is designated for the allocation of LTE-A UE’s PHICH. Thus, Option 2 would not affect UE capacity in the system only if the separated PHICH resource is newly created. 
Therefore, in terms of scheduler burden and standard impacts, the options 1a and 1b, which reuse the current Rel-8 PHICH to resource mapping rule seem to be beneficial and can be a baseline. 
Proposal 1: The reuse of Rel-8 PHICH mapping in UL CCs can be a baseline. It’s FFS whether UL PRB indices are independent within an UL CC or serially-numbered for all UL CCs.
3. PHICH Resource Mapping for UL Semi-Persistence-Scheduling (SPS)
In the current Rel-8, a DM-RS cyclic shift value for PHICH is set to zero for UL SPS transmission. Therefore, if the same UL PRB index is allocated to SPS transmissions across multiple UL CCs and corresponding PHICHs are transmitted in a DL CC, there is no way to avoid PHICH resource collisions. Therefore, for maintaining a similar level of scheduling flexibility to non-SPS case, the relaxation of UL DM-RS cyclic value restriction seems to be at least necessary. The following two options can be considered as a solution:
· Option A: A DM-RS cyclic shift value from 0 to 7 which is used for PHICH resource calculation is explicitly included in each cross-carrier SPS activation PDCCH.
· Option B: The CI value in the cross-carrier SPS is implicitly used as a DM-RS cyclic shift value for PHICH resource calculation. 
The option A is straightforward, and maintains the same level of scheduling flexibility to non-SPS case with a simple modification of the PDCCH validation method for SPS. In case of option B, all the SPS procedures and the same level of scheduling complexity for UL SPS in Rel-8 can be maintained. However, scheduling flexibility is tied to CI value. Further discussion is needed which option is appropriate. In addition, even in case of SPS, additional PHICH collision avoidance mechanisms described in the previous section can be considered on the top of one of DM-RS cyclic shift schemes.
Proposal 2: The DM-RS cyclic shift value which is equal to or larger than zero should be applied for PHICH resource mapping in the cross-carrier SPS. The detailed method is FFS.
4. Conclusion

We can conclude with the following two proposals:
Proposal 1: The reuse of Rel-8 PHICH mapping in UL CCs can be a baseline. It’s FFS whether UL PRB indices are independent within an UL CC or serially-numbered for all UL CCs.
Proposal 2: The DM-RS cyclic shift value which is equal to or larger than zero should be applied for PHICH resource mapping in the cross-carrier SPS. The detailed method is FFS.
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