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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 [2]. The agreement and working assumption on RLM/RRM last time are [2]
· The following holds for RRM/RLM for a cell in the backward compatible component carrier type:

· Working assumption (to be revisited in RAN1#74bis if significant drawbacks are identified; specifically, PUSCH transmission in MBSFN subframes may be compared with this solution in RAN1#74bis): A subframe configured as DL subframe or DwPTS of special subframe in SIB1 (in case of PCell) and RadioResourceConfigCommonSCell IE (in case of SCell) should not be used for uplink transmission.
The agreement on HARQ details last time includes [2]
Conclusion on UL:
Decide between Alt 1 and Alt 2 after the discussion on DL to UL subframe conversion concludes.
· Alt1: Uplink scheduling timing and HARQ timing follow configuration signaled in SIB1
· Alt2: Uplink scheduling timing and HARQ timing follow a higher layer RRC configured TDD configuration 
In this contribution, the analysis on the issue of HARQ details, covering legacy UE backward compatibility and UL synchronous HARQ, is provided. It is concluded that for UL, scheduling and HARQ timing should follow configuration signalled in SIB1. 
2. UL Scheduling and HARQ Timing
2.1. Legacy UE Downlink Measurement
As mentioned in Introduction, there are currently two alternatives to the UL HARQ reference configuration for eIMTA systems, following the TDD configuration signalled in SIB1 or higher layer configured RRC. As analysed in this document, this is equivalent to deciding between whether or not to allow PUSCH transmission from eIMTA UEs in MBSFN subframes. 
Legacy UE DL measurement includes CSI report, RRM measurement, and RLM measurement, which requires the presence of CRS in every single DL subframe. To maintain backward compatibility in eIMTA systems, there are two identified solutions so far:

1. The subframes which are signalled in SIB1 as DL or special subframes are not used by eIMTA UEs for UL transmissions.

2. Utilizing MBSFN subframes in a similar way as in the case of relay backhaul transmissions. It should be noted that one or two OFDM symbols are still needed for legacy PDCCH plus a gap period for switching and timing advance. The remaining OFDM symbols can be utilized by eIMTA UE to perform UL transmissions.

Compared with the first solution, the MBSFN method invokes a lot of standard efforts, which are not well justified by the associated performance advantage. By setting an UL heavy configuration in SIB1, e.g., 0 or 1, and following the principle of the first solution by choosing only dynamic TDD configuration whose set of DL subframes is a superset of the configuration in SIB1, high flexibility of traffic adaptation can be achieved. For example, by signalling TDD configuration 1 in SIB1, the available dynamic TDD configurations for eIMTA UEs include {1, 2, 4, 5}, corresponding to DL/UL ratios of {6/4, 8/2, 8/2, 9/1}. We thus have our first proposal:
Proposal 1: Confirm the working assumption that “a subframe configured as DL subframe or DwPTS of special subframe in SIB1 (in case of PCell) and RadioResourceConfigCommonSCell IE (in case of SCell) should not be used for uplink transmission.”
Note that for subframes which are dynamically changed from UL to DL, the eNB can apply scheduling constraints to avoid the possible interference by PRACH, SRS, and the UL transmissions from legacy UEs. UL performance degradation is inevitable for legacy UEs as not only the regular UL signals are limited, but the CQI/ACK reports are also affected. Comparing with the legacy UE DL measurement issue, we believe this is the compromise that has to be made.
Observation 1: The UL transmissions from legacy UEs can be handled by eNB scheduling constraints to avoid interference to eIMTA UEs.

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 found to be the majority opinion [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], we are the first to notice the UL HARQ RTT problem, and we propose to indicate TDD configuration 1 in SIB1 instead of 0 or 6. The TDD configuration 0 and 6 are excluded from 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 in the last meeting [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, it should be noted that there are three disadvantages to such a proposal: 1. Increased specification efforts. 2. Inferior DL performance for legacy UEs as two DL subframes are now unavailable. 3. Most important, the problem of inefficient UL HARQ operations for eIMTA UEs still exists. Such a proposal is thus highly questionable.

It is clear that all of the UL HARQ timing problems mentioned above stem from the fact of introducing non-10 ms RRT UL HARQ processes. As an optimization to the solution proposed in [8] for enhancing the UL capacity of eIMTA UEs, we thus propose to add HARQ timelines to TDD configuration 1 with a 10 ms RTT. Specifically, it is proposed to indicate TDD configuration 1 in SIB1 with subframe 4 configured as MBSFN. An additional UL HARQ timeline can then be added on top of TDD configuration 1 by using subframe 0 for issuing UL grant or HARQ ACK/NACK. Another UL HARQ timeline can be similarly added by using the subframe pair of 5 and 9, with subframe 9 configured as MBSFN. Also, special subframes can be utilized for serving the UL data for eIMTA UEs with an appropriately defined UL HARQ timeline. In all cases the point is to keep a 10 ms RTT, and at most two UL HARQ timelines can be added.
In the following table, we briefly summarize the pros/cons of all four solutions to the UL HARQ RTT problem in eIMTA design, along with the simplest alternative by HARQ suspension.
	
	HARQ suspension
	Async. UL HARQ
	Excluding TDD configuration 0, 6
	Configuring MBSFN and use configuration 0, 6
	Configuring MBSFN and add 10 ms RTT HARQ timelines

	Pros
	No spec effort.
	TDD configuration 0 and 6 can be dynamically signalled to eIMTA UEs.
	No spec effort.
	TDD configuration 0 and 6 can be dynamically signalled to eIMTA UEs.
	UL capacity the same as TDD configuration 0 and 6 can be attained for eIMTA UEs.

	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 cannot be dynamically signalled to eIMTA UEs.
	Spec effort. Impact to legacy UEs DL performance. UL HARQ timing problem for eIMTA UEs.
	 Spec effort. Impact to legacy UEs DL performance.


From the above table, it is clear that excluding TDD configuration 0 and 6 can reasonably serve as the baseline. For further enhancement of the UL capacity for eIMTA UEs, the solution of adding new HARQ timelines with 10 ms RTT can be adopted. We thus have the following proposals:
Proposal 2: Agree on “TDD configuration 0 and 6 are not used for dynamic signalling to eIMTA UEs” as the design baseline.

Proposal 3: Add new UL HARQ timelines to TDD configuration 1 with 10 ms RTT to enhance the UL capacity of eIMTA UEs if necessary.
Combining proposal 1 and proposal 2, the following table of the set of allowed dynamic TDD configurations can be built for the operation of eIMTA. 

Table 1: Allowed dynamic TDD configurations for eIMTA systems

	SIB1 TDD Configuration
	Dynamic TDD Configurations

	0
	0

	1
	1, 2, 4, 5

	2
	2, 5

	3
	3, 4, 5

	4
	4, 5

	5
	5

	6
	6


Following table 1, it is then straightforward to configure the TDD configuration signalled in SIB1 as the UL HARQ reference configuration. In Table 2, we expand Table 1 by including the associated UL HARQ reference configuration. 
Table 2: Reference configurations for UL HARQ timing for eIMTA systems
	TDD Configuration
	Set of Allowed Dynamic TDD Configurations
	UL HARQ Reference Configuration

	0
	0
	0

	1
	1, 2, 4, 5
	1

	2
	2, 5
	2

	3
	3, 4, 5
	3

	4
	4, 5
	4

	5
	5
	5

	6
	6
	6


Accordingly, we have the following proposal:
Proposal 4: Agree on Alt1 “uplink scheduling timing and HARQ timing follow configuration signaled in SIB1”.
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. 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 proposals:

Proposal 1: Confirm the working assumption that “a subframe configured as DL subframe or DwPTS of special subframe in SIB1 (in case of PCell) and RadioResourceConfigCommonSCell IE (in case of SCell) should not be used for uplink transmission.”
Proposal 2: Agree on “TDD configuration 0 and 6 are not used for dynamic signalling to eIMTA UEs” as the design baseline.

Proposal 3: Add new UL HARQ timelines to TDD configuration 1 with 10 ms RTT to enhance the UL capacity of eIMTA UEs if necessary.
Proposal 4: Agree on Alt1 “uplink scheduling timing and HARQ timing follow configuration signaled in SIB1”.
And we have made the following observation:

Observation 1: The UL transmissions from legacy UEs can be handled by eNB scheduling constraints to avoid interference to eIMTA UEs.
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