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1. Introduction

    To simply the design of half duplex TDD UE, it was agreed to let all aggregated cells follow the transmission direction of primary cell in the case of aggregating cells with different UL-DL configuration, which has been reflected in 36.211 [1]:

In case multiple cells with different uplink-downlink configurations are aggregated and the UE is not capable of simultaneous reception and transmission in the aggregated cells, the following constraints apply:

-
if the subframe in the primary cell is a downlink subframe, the UE shall not transmit any signal or channel on a secondary cell in the same subframe 

-
if the subframe in the primary cell is an uplink subframe, the UE is not expected to receive any downlink transmissions on a secondary cell in the same subframe

-
if the subframe in the primary cell is a special subframe and the same subframe in a secondary cell is a downlink subframe, the UE is not expected to receive PDSCH/EPDCCH/PMCH/PRS transmissions in the secondary cell in the same subframe, and the UE is not expected to receive any other signals on the secondary cell in OFDM symbols that overlaps with the guard period or UpPTS in the primary cell.

However, as we have the same UL HARQ time-line for both full duplex and half duplex UE, it is possible that for a DL subframe in a secondary cell where UE expecting PHICH reception while it is an UL subframe in the primary cell. In this case, it is not clear how UE handle the on-going UL transmission. 
2. Discussion 

For the self -scheduling case, the UL reference configuration is the configuration of own cell according to current spec [2]. Considering the case of UL-DL configuration 0 as PCell and configuration 6 as SCell with self-scheduling case, the HARQ timeline of SCell would follow legacy configuration 6. In the case of uplink subframe 3 being scheduled by a previous special subframe, the corresponding PHICH resource UE would expect falls in subframe 9, which is a UL subframe in the PCell. For a half duplex UE, it may not be able to receive the PHICH and it is not clear how UE would handle the on-going PUSCH transmission, i.e. whether to suspend it or continue it.
                              Subframe                     0   1  2   3   4   5   6  7  8   9    0   1  2   3   4   5   6   7  8   9
PCell UL-DL configuration  0      D  S  U  U  U  D  S  U  U  U   D  S  U  U  U  D  S  U  U  U
                    SCell UL-DL configuration  6      D  S  U  U  U  D  S  U  U  D   D  S  U  U  U  D  S  U  U  D
                                                                                       UL grant↘                 PUSCH↗                   PHICH?
Fig.1 Possible collision between PCell UL subframe and SCell PHICH expection
PHICH-less operation was introduced for cross carrier scheduling in Rel-11. The reason to have it is because there might not be PHICH resource in the scheduling cell as the HARQ timeline may follow other UL-DL configuration, e.g. that of the scheduled cell. Therefore, we currently have following text in the specification [2]:
For TDD, if the UE is configured with more than one serving cell, and if at least two serving cells have different UL/DL configurations, for downlink subframe i, if a transport block was transmitted in the associated PUSCH subframe then:

· if ACK is decoded on the PHICH corresponding to that transport block in subframe i, or if that transport block is disabled by PDCCH/EPDCCH received in downlink subframe i, ACK for that transport block shall be delivered to the higher layers; or

· if a PHICH resource corresponding to that transport block is not present in subframe i, ACK for that transport block shall be delivered to the higher layers. 

· else NACK for that transport block shall be delivered to the higher layers. 

It is not clear whether the above description “PHICH resource corresponding to that transport block is not present” can be referred to the concerned case in Fig.1.
There are two alternatives to solve the issue:

Option 1: Also apply PHICH-less operation for the case UE expecting PHICH reception while it is UL subframe in the primary cell.

Option 2: Prohibit eNB from scheduling PUSCH in the subframe whose corresponding PHICH resource collides with PCell UL subframe.
Option 1 can solve the issue without introducing additional scheduling restriction. However, it can be argued that whether current specification already implied option 1 or additional change is needed to capture option 1. On the other hand, option 2 can avoid the issue happen while induce scheduling restriction in the eNB side. 1UL subframe out of 5 cannot be scheduled although the HARQ timing can support it which translates to 20% UL throughput loss. Therefore we have the following proposal to adopt option 1 to solve the issue:
Proposal: For a TDD half Duplex UE, if in a subframe UE expecting PHICH reception while it is UL subframe in the primary cell, UE should consider the PHICH resource is not present and deliver ACK to higher layer. Whether modification to the current specification is needed can be further discussed.
3. Conclusion

In this contribution, the issues regarding a PHICH subframe colliding with a UL subframe of primary cell is discussed and we propose the following to solve the issue:
Proposal: For a TDD half Duplex UE, if in a subframe UE expecting PHICH reception while it is UL subframe in the primary cell, UE should consider the PHICH resource is not present and deliver ACK to higher layer. Whether modification to the current specification is needed can be further discussed.
Reference

[1] TS 36.211 V11.2.0, “E-UTRA Physical layer channels and modulation”.
[2] TS 36.213 V11.2.0, “E-UTRA Physical layer procedures”.
