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1. Introduction
In Rel-13, a UE may be configured with up to 32 components carriers (CCs). The increase from 5 CCs in Rel-12 to 32 CCs in Rel-13 imposes challenges in many aspects of physical layer operations. In this contribution, we focus on handling PHICH related operation when the UE is configured with up to 32 CCs. 

2. Discussion
PHICH can be used to initiate non-adaptive UL re-transmissions, in addition to DL control channel based adaptive UL re-transmissions. The amount of PHICH resources reserved in a cell is indicated in PBCH, which are roughly 1/6, 1/2, 1, or 2 times of the number of resource blocks in UL. In order to determine a PHICH resource for a UL re-transmission, the UE relies on the following two parameters:
· The starting physical resource block index of PUSCH, and
· The 3-bit DM-RS cyclic shift.
In Rel-12, a UE can be configured with up to 5 CCs. Cross-carrier scheduling may be enabled for a UE. If enabled, a CC (scheduling CC) may carry control channel transmissions, besides for itself, for other CCs (scheduled CCs). For the scheduled CC, the UE is also required to monitor PHICH on the scheduling CC. In other words, the scheduling CC needs to provide PHICH resources for the scheduling CC itself and the scheduled CCs.
The need to provide PHICH resources by the scheduling CC for multiple CCs under cross-carrier scheduling prompts the question whether or not there is a need to have a standardized solution for PHICH resource collision avoidance. Such collision can happen especially when two or more PUSCH transmissions are scheduled with a same starting PRB, and/or when the number of PUSCH transmissions is large. In Rel-10, it was deemed as unnecessary to have a standardized solution with the understanding that the eNB can pick combinations of the starting PRB indices and DM-RS cyclic shift values for PUSCH transmissions to avoid PHICH resource collisions. In particular, since there are 5 component carriers, a 3-bit DM-RS cyclic shift is generally sufficient to handle PUSCH transmissions with the same starting PRB index on 5 CCs if UL MU-MIMO or UL SPS is not considered. 
The usage of PHICH based re-transmissions is beneficial for more efficient DL overhead management (comparing with PDCCH or EPDCCH). The benefit is more pronounced when there are a large number of UL transmissions in a subframe. However, it is questionable whether or not PHICH is still necessary when the number of UL transmissions is small, which may be typical for small cells. 
The need to support up to 32 CCs by a UE raises the following questions for PHICH operation:
· Is the combination of the staring PRB index and the 3-bit DM-RS cyclic shift still deemed sufficient to handle PHICH resource collision?
· Is there a need to consider skipping PHICH monitoring for at least some CCs?
[bookmark: _GoBack]Among the 32 CCs that can be configured for a UE, it is expected that many of them are associated with small cells. This implies that more typically than not, many of the 32 CCs likely schedule a very limited of a UEs in an uplink subframe. As a result, the starting PRB indices for PUSCH transmissions on these CCs are likely to be the same, e.g., PRB index 1 (assuming PRB index 0 is used for PUCCH). For PUSCH transmission on these CCs with cross-carrier scheduling, one thus has to primarily rely on the 3-bit DM-RS cyclic shift in order to avoid PHICH resource collision. However, the 3-bit DM-RS cyclic shift can at most handle up to 8 CCs, far less than 32 CCs.
On the other hand, it is noted that there is already ACK/NAK bundling based HARQ operation for DL transmissions. It is thus worth considering the possibility of having ACK/NAK bundling for UL transmissions. In other words, it may be possible to have two PUSCH transmissions on two different CCs map to a same PHICH resource. In this case, it is similar to ACK/NAK bundling based HARQ operation, i.e., a single PHICH resource providing indication for two or more non-adaptive PUSCH re-transmissions. Such bundling may be opportunistic, i.e., it can be up to eNB to schedule PUSCH transmissions on different CCs (particularly, the starting PRBs and the DM-RS cyclic shift) such that the corresponding PHICH resources may or may not be the same for some of the CCs.
Therefore, we propose:
· Proposal 1: Discuss whether it is necessary to have a standardized solution to avoid PHICH resource collision under cross-carrier scheduling. Also consider the possibility of ACK/NAK bundling on PHICH for PUSCH re-transmissions.
In addition, it is questionable whether it is still necessary to have PHICH based UL re-transmissions for some CCs.  If there are a very limited number of UEs scheduled for UL transmissions (e.g., in small cells), the overhead savings due to PHICH is quite limited. It is also important to consider joint control for some CCs as detailed in [1], which further reduces the need of PHICH. Moreover, the combinations of CCs of different configurations (FDD vs. TDD, TDD of different DL/UL subframe configurations, with or without eIMTA, licensed vs. unlicensed, etc.) make it very difficult to specify a specific PHICH timing satisfying the needs of all CCs under the same cross-carrier scheduling. Indeed, there are already many cases in Rel-12 CA that PHICH resource is not available for some UL subframes and thus the UE has to skip PHICH monitoring for these UL subframes. The requirement of PHICH monitoring may also lead to potential misalignment between eNB and UE. For example, assuming 1% probability of missed PDCCH/EPDCCH detection, the UE has a reasonable chance of performing UL re-transmissions based on PHICH. As a result, we propose:
· Proposal 2: Discuss whether it is necessary to skip PHICH monitoring for some CCs.

3. Conclusion
In this contribution, we discussed PHICH related operation for a UE when configured with up to 32 CCs. In particular, we propose:
· Proposal 1: Discuss whether it is necessary to have a standardized solution to avoid PHICH resource collision under cross-carrier scheduling. Also consider the possibility of ACK/NAK bundling on PHICH for PUSCH re-transmissions.
· Proposal 2: Discuss whether it is necessary to skip PHICH monitoring for some CCs.
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