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1 Introduction
In the RAN1#74 meeting, for UE configured with TDD eIMTA, it was agreed that the downlink HARQ timing follows a configured TDD reference configuration and in RAN1#74b meeting the reference configuration was agreed as follow:
· DL HARQ reference configuration can choose from Rel-8 TDD UL-DL configurations {2, 4, and 5}.
For LTE TDD system, PUCCH format 1a/1b resource is closely related to the adopted TDD configuration. In LTE eIMTA system, legacy UE and eIMTA-enabled UE can have different PDSCH HARQ timing, and PDCCHs from different subframes may be mapped to the same PUCCH resource and thus PUCCH resource collision can happen, as a result, a backward compatible solution should be design to reserve PUCCH for eIMTA-enabled UE.
In the RAN1#74b meeting, For UE configured with TDD eIMTA, the work assumption of uplink scheduling timing and HARQ timing is to
· follow UL-DL configuration signaled in SIB1
For LTE TDD system, the resource reserved for PHICH transmission is also different for each configuration.  Legacy UE and eIMTA-enabled UE may have different understanding in terms of the resource reserved for PHICH if they are configured with different TDD configurations.
In this contribution, we will discuss the possible schemes for HARQ-ACK PUCCH/PHICH resource allocation and give our proposals.
2 PUCCH resource reservation
For LTE TDD system, PUCCH resource allocation is closely related with TDD configuration and the UL subframe on which PUCCH resource is reserved. As a result, in eIMTA system, the PUCCH resource allocation can be different for legacy UE and eIMTA UE if different PDSCH HARQ timings are used.
In reference to figure 1, legacy system is configured with TDD configuration#0 via SIB1 and eIMTA system is configured with TDD configuration #2 via fast reconfiguration signaling. Assuming TDD configuration #2 is the configured reference configuration for PDSCH HARQ-timing.

In order to avoid any impact on PUCCH resource reservation for legacy UE, there are different ways to reserve PUCCH for eIMTA UE:
Option1: independent and non-overlapping PUCCH resource region for legacy UE and eIMTA UE
PUCCH resource is reserved for legacy UE and eIMTA UE by following the specification of Rel.11. eIMTA-enabled UE can detect the TDD configuration of legacy system and calculate the offset for PUCCH resource of eIMTA system. The problem of this method is low efficiency of PUCCH as duplicated PUCCH are reserved for special subframe#6.
Option2: eIMTA UE can use the PUCCH resource region reserved for legacy UE
Compare with option1, single PUCCH region is reserved for special subframe#6 and thus higher PUCCH resource efficiency is achieved. However, the difference between DL subframes #4, #5 and#8 (whether it is a fixed subframe or flexible subframe) is not considered in this option. 
For instance, DL subframe #5 is fixed DL subframe, PUCCH resource should always be reserved; For DL subframe #4 and #8, on the other hand, are flexible subframe, which can be used as UL or DL for different TDD configuration. 
· If PUCCH is reserved for each subframe in DL association set of reference configuration, no matter which is configured as DL/Special subframe or UL subframe
Some flexible subframes can be configured as UL subframes and thus the corresponding reserved PUCCH are not occupied. In order to make the best use of the time-frequency resource, it would be better to reuse the reserved PUCCH resource for PUSCH transmission.
· If PUCCH is only reserved for subframes in DL associated set of reference configuration which is considered by UE as DL/Special subframe

Assuming eNB and UE have ambiguity in terms of the adopted TDD configuration. For instance, eNB has TDD configuration #2 for eIMTA system in Frame#n-1 while a UE may think the TDD configuration in Frame#n-1 is TDD configuration #.eNB assigned PUCCH for subframe #4, #5, #6, #8 but UE think only PUCCH for subframe #4,#5,#6 are reserved. As a result, the PUCCH resource index would be misaligned and HARQ-ACK may not be fed back on the correct PUCCH resource.
Option3: different PUCCH regions for fixed DL subframe and flexible subframe
Compared with option 2, fixed downlink subframe and flexible subframe have different PUCCH region. By this manner

· Higher resource efficiency can be achieved since continuous and unoccupied PUCCH resource allocated to flexible subframe can be reused to PUSCH transmission;

· The impact of TDD ambiguity problem can be alleviated; at least HARQ-ACK can be fed back correctly on PUCCH resource associated with DL subframe#5. 
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Figure 1:  PUCCH resource reservation for legacy system and eIMTA system.
There are other influential factors which may have impact on designing the PUCCH resource allocation for eIMTA system; for example, different flexible subframes may have different probability to be a DL subframe, the use of ePDCCH and the possibility to reuse PUCCH resource reserved for flexible subframe which is configured as UL subframe.

Proposal 1: new PUCCH resource mapping method should be designed for eIMTA UE in order to maintain backward compatibility.
3 PHICH resource assignment

For LTE-TDD system, PHICH resource allocation is closely related to TDD configuration and the index of DL subframe. Different TDD configuration has different PHICH allocation on each DL subframe.
As illustrated in figure 2, legacy UE is configured with TDD configuration#0 and eIMTA-enabled UE is configured with TDD configuration#1. 
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Figure 2: PHICH resource allocation for TDD eIMTA system.
Since both subframe #3 and subframe#4 are used as DL subframe in eIMTA system, there is no related PUSCH HARQ-ACK needs to be fed back for both legacy UE and eIMTA UE. From eIMTA-enabled UE perspective, it is possible not to assign PHICH resource in DL subframe#9, and the REGs formerly reserved for PHICH in legacy system can be used for PDCCH transmission. However, for legacy UE, Rel.8-Rel.11 procedure is followed in PDCCH blind decoding and it may fail to decode the PDCCH if the PDCCH to CCE mapping is changed. As a result, for the sake of backward compatibility, the PHICH assignment should strictly follow SIB1 TDD configuration, even when the UL subframe in SIB1 TDD configuration is used for DL transmission by eIMTA-enabled UE.

Proposal2: Confirm the work assumption that UL grant and scheduling timing follows SIB1 TDD configuration.
Proposal3: PHICH resource reservation should strictly follow SIB1 TDD configuration for the sake of backward compatibility.
Assuming configuration#0 is indicated in SIB1, then two copies of PHICH are reserved in DL subframe#0; For eIMTA-enabled UE configured with TDD configuration#1, however, only one copy of PHICH resource is needed for HARQ-ACK feedback, specification are needed to determine which copy of PHICH should be used by eIMTA-enabled UE.

As illustrated in Figure 3, two copies of PHICH resource are reserved by following SIB-1 TDD configuration as reference configuration. For the transmission of PUSCH HARQ-ACK for UL subframe#3 for eIMTA-enabled UE, there are two options:

Option1: For eIMTA UE, the HARQ-ACK for PUSCH transmission on UL subframe#3 is transmitted on PHICH resource reserved for legacy UL subframe#3.

Option2: For eIMTA UE, the HARQ-ACK for PUSCH transmission on UL subframe#3 is transmitted on PHICH resource reserved for legacy UL subframe#4.
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Figure 3: PHICH resource selection for eIMTA-enabled UE.
As can be seen, subframe#4 is used for DL transmission by eIMTA-enabled UE and no UL transmission should be scheduled for legacy UE in subframe#4.  As a result, the related PHICH resource for subframe#4 is assigned but not occupied. Compared with the straightforward design of option 1 which uses the same copy of PHICH resource related to subframe#3 in legacy system, option 2 can achieve low PHICH collision since PHICH resource corresponding to subframe#4 is not occupied by legacy UE.
Proposal 4: PHICH resource corresponding to IPHICH =1 should be used by eIMTA-enabled UE when it requires on copy of PHICH resource while two copies of PHICH resource are reserved.
4 Conclusion 
In this contribution, we discussed the backward compatibility issue of TDD eIMTA system and provided our observations:

Proposal 1: new PUCCH resource mapping method should be designed for eIMTA UE in order to maintain backward compatibility.
Proposal2: Confirm the work assumption that UL grant and scheduling timing follows SIB1 TDD configuration.
Proposal3: PHICH resource reservation should strictly follow SIB1 TDD configuration for the sake of backward compatibility.
Proposal 4: PHICH resource corresponding to IPHICH =1 should be used by eIMTA-enabled UE when it requires on copy of PHICH resource while two copies of PHICH resource are reserved.
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