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1
Introduction

The discussion on“Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation” has been agreed to be one of the working items for Rel-12 [1].  Note that the motivation of supporting eIMTA in Rel-12 is fueled by the potential improvement in resource utilization efficiency by traffic-dependent dynamic reconfiguration of TDD UL/DL configuration.  In RAN1 #72bis meeting, it was agreed that explicitly or implicitly signalling mechanism based on either PHY signalling (not including PBCH/MIB signalling) or MAC signalling should be supported to indicate TDD UL/DL reconfiguration.  HARQ discontinuity issues could be arised with dynamic signalling in spite of the anticipatable gain, and such problem could be solved by using reference configurations for HARQ-ACK timeline.  In correspondence, this contribution aims to share our opinions on reference configurations for HARQ-ACK timeline in TDD eIMTA.
2
Discussion
The existing seven TDD UL/DL configurations, which support different DL:UL ratios (from 2:3 to 9:1), are listed in Table 1.  In order to cope with fluctuating traffic conditions, the eNB may dynamically reconfigure its UL/DL configuration in accordance to the instantaneous traffic status.  It is worth noting that TDD reconfigurations with different time scales are supported by different signalling mechanisms.  To be specific, the reconfiguration time scale of MAC signalling may be tens of milliseconds, while the reconfiguration time scale of PHY signalling may be equal to or less than 10 milliseconds.  Although faster reconfiguration may fully exploit the gain of traffic adaptation, it may raise problems of HARQ discontinuity.  To handle the issues of HARQ discontinuity, several companies have suggested that HARQ-ACK timeline should be based on the reference TDD UL/DL configurations instead of its actual UL/DL configuration [2][3][4][5][6].  Such method can be further classified into two types, namely fixed reference configuration and configurable reference configuration.  In this contribution, the HARQ-ACK timeline for these two types of reference configurations are discussed.
Table 1: TDD UL/DL configurations

	Uplink-downlink 

configuration
	Downlink-to-Uplink 

Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


2.1

Option 1: Fixed Reference Configuration
With fixed reference configuration, PDSCH and PUSCH HARQ-ACK timeline is unchanged regardless of its actual TDD UL/DL configuration.  This method is straightforward and applicable to both explicit and implicit reconfiguration signalling.  For example, TDD UL/DL configuration #5 is always used as the reference for PDSCH HARQ-ACK timeline, and TDD UL/DL configuration #0 is always used as the reference for PUSCH HARQ-ACK timeline, as shown in Figure 1.  For PDSCH HARQ-ACK timline (TDD UL/DL configuration #5), only one uplink subframe carries ACK/NACK feedback for the 9 downlink subframes, which may induce unbalanced uplink control overhead in that uplink subframe.  Moreover, downlink performance could be degraded since UL/DL configuration #5 provides the longest HARQ-ACK latency than the others.  For PUSCH HARQ-ACK timeline (TDD UL/DL configuration #0), one downlink subframe may schedule 2 uplink subframes; therefore, 2-bit uplink scheduling index in uplink grant is used instead of DAI (downlink assignment index).  Due to the lack of DAI in uplink grant, PDSCH HARQ-ACK on PUSCH may be inefficient.  To solve this problem, for example, a Rel-12 UE reserves HARQ-ACK resource for a maximum number of HARQ-ACK feedback which is assumed as in SPS-PUSCH.
· PROS:

· Simple, no specification impact
· Applicable to both explicit and implicit reconfiguration signalling
· CONS:

· Unbalanced control overhead may be induced
· Downlink performance may be degraded due to the long PDSCH HARQ-ACK latency
· PDSCH HARQ-ACK on PUSCH may be inefficient because of the lack of DAI in uplink grant
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Figure 1: PDSCH and PUSCH HARQ-ACK timeline are fixed wherein (a) PDSCH HARQ-ACK timeline follows UL/DL configuration 5, and (b) PUSCH HARQ-ACK timeline follows UL/DL configuration 0
2.2

Option 2: Configurable Reference Configuration
On the other hand, we may allow the PDSCH and PUSCH HARQ-ACK timeline to be semi-statically configurable regardless of its actual TDD UL/DL configuration, which is also simple and applicable to both explicit and implicit reconfiguration signalling.  Note that the reference configuration of HARQ-ACK timeline can be indicated via an additional higher layer signalling (e.g. RRC) or a legacy signalling (e.g. SIB1), which may not introduce significant specification impact.  As comparing to the fixed reference configurations, the unbalanced control overhead and the impact on downlink performance may be alleviated since the reference configurations are configurable.  Moreover, DAI in uplink grant is not always absent because the reference configuration of HARQ-ACK timeline is configurable.
· PROS:

· Simple, specification impact is not significant
· Applicable to both explicit and implicit reconfiguration signalling
· (Compare to Option 1) The problems of unbalanced control overhead may be alleviated since the reference configurations are configurable
· (Compare to Option 1) The impacts on downlink performance may be minimized since the reference configurations are configurable

· (Compare to Option 1) DAI in uplink grant is not always absent since the reference configuration are configurable
For instance, if eNB dynamically reconfigures its TDD UL/DL configuration within a subset of configurations, the reference configurations of HARQ-ACK timeline could be selected within the subset.  As shown in Table 2, there is an example of using 1-bit to indicate the subset and the corresponding reference configurations.  In this example, subset index “1” indicates that eNB dynamically reconfigures its UL/DL configuration within UL/DL configuration {#3, #4, #5} wherein the corresponding reference configuration of PDSCH HARQ-ACK is UL/DL configuration #5 and the corresponding reference configuration of PUSCH HARQ-ACK is UL/DL configuration #3.  As illustrated in Figure 2(a), the reference configuration of PDSCH HARQ-ACK timeline (UL/DL configuration #5) ensures that each PDSCH has a corresponding HARQ-ACK resource.  Similarly, as illustrated in Figure 2(b), the reference configuration of PUSCH HARQ-ACK timeline (UL/DL configuration #3) ensures that each PUSCH has a corresponding HARQ-ACK resource.
Table 2: 1-bit is used to indicate the subset of UL/DL configurations

	Subset Index
	Subset Elements
	Reference Configuration for PDSCH HARQ-ACK
	Reference Configuration for PUSCH HARQ-ACK

	0
	Configuration 0,1,2,6
	Configuration 2
	Configuration 0

	1
	Configuration 3,4,5
	Configuration 5
	Configuration 3
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Figure 2: eNB dynamically reconfigures its UL/DL configuration within configuration {#3, #4, #5} and the corresponding reference configurations are: (a) UL/DL configuration #5 for PDSCH HARQ-ACK, and (b) UL/DL configuration #3 for PUSCH HARQ-ACK
4
Conclusions

In this contribution, the fixed and configurable reference configurations for HARQ-ACK timeline in TDD eIMTA are discussed.  Based on the discussion, we propose the following: 
Proposal: 

· For TDD eIMTA system, the configurable reference configurations for PDSCH and PUSCH HARQ-ACK timeline can be considered.
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