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1. Introduction

RAN1 #74 reaches following agreements for HARQ timing in TDD-eIMTA [1].
· Downlink HARQ timing follow a higher layer RRC configured TDD configuration
· At least configurations 2 and  5 can be selected

· FFS other configurations

· Decide between Alt 1 and Alt 2 for uplink HARQ timing.
· Alt 1: Uplink scheduling timing and HARQ timing follow configuration signaled in SIB1.
· Alt 2: Uplink scheduling timing and HARQ timing follow a higher layer RRC configured TDD configuration.
This contribution shows our preference on the remaining issues for DL and UL HARQ timelines in TDD-eIMTA. 
2. Reference configuration for UL HARQ timing
As for the choice between Alt 1 and Alt 2 for UL HARQ timing, it is obvious that Alt 1 is the special case of Alt 2 given that every configuration implementation in Alt 1 can be realized in Alt 2. On the other hand, Alt 2 provides additional benefits as described below. 

Possibly avoid TDD UL/DL configuration #0 and #6 as reference configuration

Even though TDD UL/DL configuration #0 has been assumed as SIB-1 configuration in the TDD-eIMTA evaluation since SI phase, it has a well-known drawback if used for UL HARQ timing reference. Its RTT delay is not 10ms; what’s more, the PUSCH re-transmissions (if not terminated) cyclically go through all UL subframes, i.e. U2→U3→U4→U7→U8→U9→U2→…. The similar observation can be found for TDD configuration #6.  
In the TDD reconfiguration, the eNB needs to determine at time instance t-t0 the upcoming TDD UL/DL configuration after time instance of t, where t0 is depending on: 

· Delay for L1 reconfiguration signalling; and
· Delay for backhaul signalling informing the “intended UL/DL configuration” of one eNB. 

With t0 in the range of several radio frames, it is difficult for eNB to ensure at time of t-t0 that the PUSCH re-transmissions (up to maxHARQ-Tx) initiated between [t-t0, t] do not fall into DL subframe indicated by TDD configuration that is determined at t-t0 but active at time t. One simple solution is to use TDD UL/DL configuration #1 as PUSCH HARQ timing reference, whose RTT delay is 10ms. So if the initial transmission of PUSCH is not in reconfigurable subframe, all of its re-transmissions are ensured to fall into UL subframes. Even though the same effect can be achieved by setting SIB-1 TDD configuration to TDD configuration #1, it is not recommended due to the application of network energy saving as well as the reasons listed below.  
Allow pico eNBs choosing different UL HARQ timings even when pico eNBs share the same PCID with macro eNB

Because the macro-cell in TDD-eIMTA scenarios is not supposed to have TDD reconfiguration, when the macro-cell SIB-1 configuration is set to TDD configuration #0 as a requisite of network operation on macro-layer, it is beneficial for the overlaid pico eNBs sharing the same cell-ID as macro-eNB to follow non-SIB1 TDD configuration for PUSCH HARQ timing reference in order to have a chance to avoid PUSCH HARQ timeline issue mentioned above.  
Decouple the UL HARQ timing choices among different vendors

In a TDD system without TDD eIMTA, the eNBs implemented by different vendors, no matter on the same or adjacent frequencies, can be required to operate with the same SIB-1 configured TDD UL/DL configuration. This network requirement is very likely still applicable when TDD eIMTA functionality is introduced. Meanwhile, different eNB vendors may have different solutions for TDD eIMTA issues that may cause big trouble with certain UL HARQ reference configuration but can be less serious with other reference configuration. For example, in the previously mentioned PUSCH HARQ timeline issue in TDD UL/DL configuration #0, some vendors may choose to keep TDD configuration #0 as the UL HARQ reference configuration to maintain the consistency between eIMTA-supporting UE and non-eIMTA-supporting UE, at the cost of potential early termination of HARQ process for both kinds of UE, while some other vendors may decide to adopt TDD configuration #1 as the UL HARQ reference configuration to maintain PUSCH performance for eIMTA-supporting UE. Therefore, the decoupling between SIB-1 configuration and UL HARQ timing reference configuration gives the eNB vendors more freedom in their solution implementations. 
In short, we think the TDD UL/DL configuration in SIB-1 should be a network-wide configuration by the operator, while the UL HARQ reference configuration seems more appropriate as a cell-specific choice, just like DL HARQ reference configuration. Therefore, we prefer to Alt 2. 

Given the assumption that the set of DL subframes in UL HARQ timing reference is always the subset of DL subframes in real-time reconfigured TDD configuration (via L1 reconfiguration signalling) [2], which seems to be a common understanding regardless of choice between Alt 1 and Alt 2, the UE should not expect that a subframe scheduled for PHICH according to UL HARQ reference configuration is turned out to be UL subframe indicated by L1 reconfiguration signalling. Meanwhile, the UE should assume the CRS is present (at least in PDCCH region) upon detection of PHICH.  
3. Candidates for DL/UL HARQ timing reference configuration 

So far the RAN1 discussion on HARQ reference configuration involves following TDD UL/DL configurations:

· TDD UL/DL configuration in SIB-1, labeled with W;

· UL HARQ reference configuration, labeled with X;

· real-time reconfigured TDD UL/DL configuration, labeled with Y;

· DL HARQ reference configuration, labeled with Z. 
As required by backward compatibility and pointed out in [2], with the TDD UL/DL reconfiguration activated,

· The set of DL subframes in W is the subset of DL subframes in X, which leaves all feasible combinations of <W=M, X=N> as in Table 1.

· The set of DL subframes in X is the subset of DL subframes in Y, which leaves all feasible combinations of <X=M, Y=N> as in Table 1.

· The set of DL subframes in Y is the subset of DL subframes in Z, which leaves all feasible combinations of <Y=M, Z=N> as in Table 1.
	TDD UL/DL configuration M
	0
	1
	2
	3
	4
	5
	6

	TDD UL/DL configuration N for the given M
	0~6
	1,2,4,5
	2,5
	3,4,5
	4,5
	5
	1~6


Table 1 Pairs of TDD UL/DL configurations <M, N> for DL subset relation
Regarding to the candidate for UL HARQ reference configuration (X), X should include all TDD UL/DL configurations that the operator may set in SIB-1 for legacy TDD system operation, which probably means at least the TDD configurations {0,1,2,6} for 5ms switch period and {3} for 10ms switch period should be made available. The motivation is to achieve maximum benefits of dynamic reconfiguration of TDD eIMTA for any given SIB-1 configuration. 
Regarding to the candidate for DL HARQ reference configuration (Z), besides the agreed TDD configurations {2,5}, we see the benefits if the standard allows the DL HARQ reference configuration to be the same as UL HARQ reference configuration. The use cases include virtually turning off the dynamic reconfiguration on a per-UE basis and also allowing the network returning to the legacy operation status for a short period of time.  
In addition, we did not see any strong reason from RAN1 perspective to eliminate any existing seven TDD UL/DL configurations from the candidates for UL and DL HARQ reference configurations.  If the concerns on certain candidates are just necessity to bring eIMTA gain and testing complexity, it is more appropriate to leave it to RAN4 study as what was done when 3GPP/LTE determined the supported system bandwidth (
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4. Conclusions
This contribution is concluded with following proposals. 
Proposal-1: Adopt Alt 2 (RRC-configured reference) for UL HARQ timing. 
· UE should assume the CRS is present (at least in PDCCH region) upon detection of PHICH.
Proposal-2: Given following notations, 
· W = TDD UL/DL configuration in SIB-1;

· X = UL HARQ reference configuration;

· Y = real-time reconfigured TDD UL/DL configuration signaled in L1 UE-group-common signaling;

· Z = DL HARQ reference configuration 

UE should NOT expect any of followings at any time when TDD eIMTA is enabled:

·  The combination of <W, X> is not given in table below by assuming W=M and X=N. 

·  The combination of <X, Y> is not given in table below by assuming X=M and Y=N.

·  The combination of <Y, Z> is not given in table below by assuming Y=M and Z=N.

	TDD UL/DL configuration M
	0
	1
	2
	3
	4
	5
	6

	TDD UL/DL configuration N for the given M
	0~6
	1,2,4,5
	2,5
	3,4,5
	4,5
	5
	1~6


It should be left to RAN4 to decide whether the candidates for X and Z should be further restricted. 
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