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1. Introduction

The WI of “Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation (eIMTA)” has been approved at RAN #58 meeting [1], and extensive discussions and progress have been made, including the interference mitigation schemes, signalling mechanism, and HARQ details. The agreement and working assumption last time are [2]
The following working assumption is confirmed:

· For UE configured with TDD eIMTA, uplink scheduling timing and HARQ timing follow UL-DL configuration signaled in SIB1

Working assumption:

· Reconfiguration between 5ms and 10ms switching point periodicity shall be supported
In this contribution, the analysis on the issue of HARQ details, covering legacy UE backward compatibility and UL synchronous HARQ, is provided. It is observed that the efficiency of UL HARQ in eIMTA cells is highly questionable if configuration 0 or 6 is set as the UL HARQ reference configuration. 
2. UL Scheduling and HARQ Timing
2.1. Legacy UE Downlink Measurement
The working assumption that UL scheduling timing and HARQ timing follow UL-DL configuration signaled in SIB1 is primarily due to concern of backward compatibility, as legacy UE DL measurement requires the presence of CRS in every single DL subframe. Such a working assumption also precludes the use of MBSFN in eIMTA systems.
2.2.  UL Synchronous HARQ
Among the seven TDD configurations, the UL HARQ timelines repeat themselves every 10ms except for TDD configuration 0 and 6. Such a discrepancy in the HARQ RTT leads to at least two timing problems in the design of eIMTA system. First, dynamically changing TDD configurations when the configuration signalled in SIB1 is 0 or 6 leads to collisions between legacy UEs’ UL HARQ transmissions and eIMTA UEs’ DL transmissions. An example of such a collision problem due to different HARQ RTT is depicted in Fig. 1. Second, suppose that legacy UEs following SIB1 and eIMTA UEs are both configured as TDD configuration 0 so the first problem does not occur. Dynamically switching from TDD configuration 0 to another TDD configuration with a 10ms RTT leads to HARQ timing mismatch problem for eIMTA UEs. Of course the above two problems could be solved by scheduling constraint, i.e., HARQ suspension, and therefore be regarded as an implementation issue [3]. However, in the worst case the HARQ retransmission delay caused by such a scheduling constraint can be as large as 70ms [4]. Having an explicit design to get around the UL HARQ RTT problem is thus highly desirable [4-7].
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Fig.1. Collisions between legacy UEs’ UL HARQ transmissions and eIMTA UEs’ DL transmissions.
In [7] and [10], it is proposed to design an asynchronous UL HARQ for eIMTA UEs to solve the inefficient UL HARQ operations for eIMTA UEs. Clearly, this solution does not solve the data collision problem for legacy UEs. Increased specification efforts are also expected.

In [8], the UL HARQ RTT problem is first noticed, and it proposes to indicate TDD configuration 1 in SIB1 instead of 0 or 6. The TDD configuration 0 and 6 are used for dynamic eIMTA TDD reconfiguration. In this way the legacy and eIMTA UEs both avoid the collision and timing problems, and legacy UEs can still have a balanced UL/DL ratio (TDD configuration 1). Similar views have also been proposed [5]. In addition, an optimization method over such a solution is proposed in [9], where configuring MBSFN subframe is again proposed as a workaround. Specifically, it is proposed to indicate TDD configuration 1 in SIB1 with subframe 4 and 9 configured as MBSFN, so that TDD configuration 0 could be indicated to eIMTA UEs without backward compatibility problem. However, such a proposal is clearly against the working assumption now.
In the following table, we briefly summarize the pros/cons of two solutions to the UL HARQ RTT problem in eIMTA design, along with the simplest alternative by HARQ suspension.
	
	HARQ suspension
	Async. UL HARQ
	Not using TDD configuration 0, 6

	Pros
	No spec effort.
	TDD configuration 0 and 6 can be dynamically signalled to eIMTA UEs.
	No spec effort.

	Cons
	UL HARQ latency to both legacy and eIMTA UEs (70ms worst case).
	Spec effort. UL HARQ timing problem for legacy UEs.
	TDD configuration 0 and 6 are not dynamically signalled to eIMTA UEs.


From the above table, it is clear that excluding TDD configuration 0 and 6 can reasonably serve as the baseline. Moreover, the UL index/DAI problem in the case of TDD configuration 0 can be skipped. Further techniques for improving the UL capacity for eIMTA UEs can be considered in future releases.
Proposal 1: Agree on the baseline “TDD configuration 0 and 6 are not used for dynamic signalling to eIMTA UEs”.
3. Conclusions
In this contribution, we have analysed the design details of UL HARQ in TDD eIMTA systems taking the support of backward compatibility into account. It is concluded that the efficiency of UL HARQ in eIMTA cells is highly questionable if configuration 0 or 6 is set as the UL HARQ reference configuration. We have come up a solution with no DL measurement problem for legacy UEs and no UL HARQ timing mismatch for both legacy and eIMTA UEs. We have the following proposal:

Proposal 1: Agree on the baseline “TDD configuration 0 and 6 are not used for dynamic signalling to eIMTA UEs”.
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