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1 Introduction
At RAN #58, it has been concluded that this WI is to enable TDD UL-DL reconfiguration for traffic adaptation in small cells [1]. In order to achieve the performance gain of TDD eIMTA by adapting to the fluctuation of DL-UL traffic while maintaining the performance of legacy UE, backward compatibility issue should be considered. This issue has been concluded in [1] as:

· Backward compatibility shall be maintained and performance (both RRC_CONNECTED and RRC_IDLE) of both legacy UEs and UEs supporting operation in cells with TDD UL-DL reconfiguration based on traffic adaptation shall be considered for the scope of this work item.
In this contribution, we try to provide some observations in terms of backward compatibility of TDD eIMTA system.

2 HARQ-ACK feedback
HARQ-ACK feedback on PUCCH
PUCCH resource allocation

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 flexible-TDD system, the PUCCH resource allocation can be different for legacy UE and flexible-TDD UE if different TDD configurations are configured.
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 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 flexible-TDD UE:
Option1: independent and no overlapping PUCCH resource for legacy UE and flexible-TDD UE
PUCCH resource is reserved for legacy UE and flexible-TDD UE by following the specification of Rel.11. Flexible-TDD UE can detect the TDD configuration of legacy system and calculate the offset for PUCCH resource of flexible-TDD system. The problem of this method is low efficiency of PUCCH as duplicated PUCCH are reserved for special subframe#6.
Option2: flexible-TDD UE can use the PUCCH 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. In case eNB and UE have ambiguity in terms of the used TDD configuration, say eNB has TDD configuration #2 for flexible-TDD system in Frame#n-1 while UE may think the TDD configuration in Frame#n-1 is TDD configuration #1 and feedback HARQ-ACK by following the same reference TDD configuration accordingly, all the HARQ-ACK feedback, for both fixed subframe #5 and flexible subframe #4 and #8, will be wrong.
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 and thus the problem caused by ambiguity can be handled in this method, at the cost that PRB reserved but not used for PUCCH cannot be reuse for other purpose.
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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 the designing the PUCCH resource allocation for flexible-TDD 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 actually be configured as UL subframe.

Proposal 1: new PUCCH resource mapping method should be designed for flexible-TDD UE in order to maintain backward compatibility
HARQ-ACK feedback for UL transmission 
PHICH resource assignment
In Rel.11, PDCCH is transmitted on CCE which is made up by REs (or REGs) not occupied by CRS, PCFICH and PHICH. The antenna port for CRS can be determined by blind decoding of PBCH and REs used for PCFICH is predefined. Although PHICH configuration can be determined from PHICH-Config via PBCH/MIB decoding, however, for TDD system, it is still not sufficient to determine how many REs (or REGs) are used for PHICH. For example, with configured DL system BW of 10 MHz, assuming Ng =1/6, then
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, it still needs the factor 
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 that depends on eNB configured UL-DL configuration in order to further determine the exact number of REs (or REGs) occupied by PHICH resource.

The value of 
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is closely related to TDD configuration and DL subframe index, as a result, in order to figure out the REs used for PHICH and thus determined the REs (or REGs) that carrying  PDCCH(s), the TDD configuration should be determined first. However, in legacy TDD system, TDD configuration is transmitted in SIB1 via PDCCH with an associated PDSCH and the problem becomes tricky because the index of TDD configuration is needed in order to decode PDCCH with an associated PDSCH which contains the index of TDD configuration. This is a typical “Chicken-egg” problem. In order to solve this problem, as was agreed in the standardization meeting, UE should do blind decoding by assuming on a particular subframe the possible value of 
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in order to get the TDD configuration, and start to use the detected TDD configuration to decode other PDCCH.

In flexible-TDD system, it is highly likely that TDD configuration of legacy UE is not the same as the TDD configuration used by flexible-TDD UE. If PHICH resource is assigned to flexible-TDD UE by following factor 
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related to TDD configuration of flexible-TDD UE, then legacy UE will have problem in decoding PDCCH.  As a result, in order to maintain the backward compatibility of flexible-TDD system, PHICH resource assignment should follow the TDD configuration of legacy UE, at least on DL subframe used by legacy UE for DL transmission.
Proposal 2: In order to maintain backward compatibility of flexible-TDD system, PHICH resource assignment should follow TDD configuration of legacy system, at least on DL subframe used by legacy UE for DL transmission.
If PHICH resource is assigned base on TDD configuration of legacy system, then it is possible that on one DL subframe, there is no PHICH resource for eNB to send the HARQ-ACK for PUSCH of flexible-TDD UE, since legacy system doesn’t assign any PHICH on this DL subframe. In this case, flexible-TDD may resort to UL grant to send PUSCH HARQ-ACK implicitly; however, the PDCCH capacity may be not enough if the number of flexible-TDD UE is large enough. In order to alleviate the burden on PDCCH, an enhanced PHICH (ePHICH) can be design to send PUSCH HARQ while not impact the blind decoding as well as PDSCH detection of legacy UE.
Proposal 3: ePHICH can be designed to feedback PUSCH HARQ without any impact on the decoding of PDCCH as well as PDSCH detection of legacy UE

3 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 flexible-TDD UE in order to maintain backward compatibility
Proposal 2: In order to achieve backward compatibility of flexible-TDD system, PHICH resource assignment should follow TDD configuration of legacy system, at least on DL subframe used by legacy UE for DL transmission.

Proposal 3: ePHICH can be designed to feedback PUSCH HARQ without any impact on the decoding of PDCCH as well as PDSCH detection of legacy UE
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