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1. Introduction & Background
A new work item was proposed for “Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation” in RAN#58[1]. An efficient HARQ operation for PDSCH and PUSCH transmissions in eIMTA is critical for achieving the associated throughput gains. The HARQ timeline design is related to the concrete decision on time scale for eIMTA, and it has been agreed that taking the following as working assumption at RAN1 #73 meeting [2].
· Alt2:     Explicit L1 signalling of reconfiguration by UE-group-common (e)PDCCH

· FFS which search space is used for this signalling 

· FFS the fallback solution to improve reliability and robustness of the explicit solution

· FFS the necessary UL scheduling timing and HARQ timing signalling 

· Strive to avoid additional blind decodes 

Support:  CATT, NEC, Potevio, Samsung, Huawei, Hi-Silicon, RIM, ITRI, Renesas, Qualcomm, Intel, Nokia, NSN, ALU, ALU Shanghai Bell, New Postcom, CATR, TI, Sharp, LGE, Panasonic, 

In this contribution, the HARQ timeline are discussed based on the working assumption to support flexible TDD UL-DL reconfiguration.
2. Discussion
2.1. HARQ timeline problems

In eIMTA, DL HARQ timing conflicts exist when the PDSCH and its associated ACK/NACK are transmitted across two radio frames which have different TDD configurations as illustrated in Fig.1. According to the DL HARQ timeline of configuration #1, the ACK/NACK corresponding to subframe #9 in radio frame #n is transmitted in subframe #3 in radio frame #n+1. However, subframe #3 in radio frame #n+1 now becomes a DL subframe after reconfiguration. 
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Fig. 1 DL HARQ timeline problem
Similar to downlink, UL HARQ timeline conflicts also exist in eIMTA. Considering an example that the TDD UL-DL configuration #1 is reconfigured to configuration #0 as illustrated in Fig.2, the PHICH associated with the PUSCH transmission in subframe #8 in radio frame #n should be transmitted in subframe #4 in radio frame #n+1 according to the UL HARQ timeline of configuration #1. However, the subframe #4 in radio frame #n+1 now becomes a UL subframe. In another example in Fig.3, the TDD UL-DL configuration changes from configuration #1 to configuration #2. The PUSCH associated with the PHICH in subframe #9 in radio frame #n should be transmitted in subframe #3 in radio frame #n+1 according to UL HARQ timing of configuration #1. However, subframe #3 in radio frame #n+1 now becomes a DL subframe.
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Fig. 2 PUSCH transmission and associated PHICH timeline problem

[image: image3]
Fig. 3 PHICH and associated PUSCH transmission timeline problem

2.2. Reference configuration solution
DL and UL reference TDD configuration has been discussed extensively to support HARQ operation in eIMTA. Three main methods are discussed in the following sections.
2.2.1. Alt1: Fixed reference configuration
With fixed reference configuration, PDSCH and PUSCH HARQ timeline is fixed regardless of the actual TDD UL/DL configuration. Alt1 is the simplest method from specification point of view. Since TDD UL-DL configuration #5 is the most DL heavy configuration, it should be chosen as the DL reference configuration for PDSCH HARQ timeline. Similarly, as the most UL heavy configuration, TDD UL-DL configuration #0 should be chosen as the UL reference configuration for PUSCH HARQ timeline.
Pros:
1. This method is simple and has no specification impact.

2. The PDSCH and PUSCH HARQ timeline can be maintained even if there is a misunderstanding between eNB and UE during reconfiguration due to reconfiguration signalling is lost or incorrectly received by the UE.
Cons:

1. Given TDD UL/DL configuration #5 as the DL reference configuration, only one uplink subframe carries ACK/NACK feedback for the 9 downlink subframes, which may cause unbalanced uplink control overhead in that uplink subframe. At the same time, compared with the other configurations, UL/DL configuration #5 has longer latency, which may induce downlink performance degradation.
2. Given TDD UL/DL configuration #0 as the UL reference configuration, in order to schedule 2 uplink subframes in one downlink subframe, 2-bit UL scheduling index should be used instead of DAI in UL grant. Therefore, UL DAI is always absent in UL grant, which may cause inefficient PDSCH ACK/NACK on PUSCH.
3. With this method, the HARQ timeline is not optimized for those subframes do not have HARQ problems.
2.2.2. Alt2: Semi-static reference configuration
By this method, the DL reference configuration and UL reference configuration can be semi-statically configured to maintain the PDSCH and PUSCH HARQ timeline regardless of its actual TDD UL/DL configuration. This method also can minimize the impact to HARQ timeline caused by frequent TDD UL/DL reconfigurations. However, the flexibility of TDD UL-DL reconfiguration is limited by the DL and UL reference configurations.
The DL and UL reference configurations can be determined by different approaches. One approach is that eNB directly informs UE the separate DL and UL reference configuration by higher layer signaling. The actual TDD UL/DL configuration could be chosen from a subset of UL/DL configurations, which is determined by the signaled DL reference configuration and UL reference configuration. Another approach is to divide the existing 7 UL-DL TDD configurations into different subsets, and each subset has independent DL and UL reference configurations. eNB informs UE the subset index and UE knows the corresponding DL and UL reference configurations.

Pros:

1. This method is also simple and may not introduce significant specification impact.
2. The PDSCH and PUSCH HARQ timeline can also be maintained even if there is a misunderstanding between eNB and UE during reconfiguration due to reconfiguration signalling is lost or incorrectly received by the UE.
3. Compared to the fixed reference configuration, the DL reference configuration #5 is not always be used and thus the unbalanced control overhead and the impact on downlink performance may be alleviated. Similarly, since UL reference configuration #0 is also not always be used thus the DAI in uplink grant is not always absent.
Cons:

1. The flexibility of TDD UL-DL reconfiguration is limited by the signalled two reference TDD configurations because some TDD UL/DL configurations can not be used for reconfiguration.
2. It is still a challenging issue to maintain HARQ timeline when the two reference configurations change.
3. With this method, the HARQ timeline is not optimized for those subframes do not have HARQ problems.
2.2.3. Alt3: Flexible reference configuration
Alt3a

In this method, the actual TDD UL/DL configuration is always considered as the reference configuration. Namely, UE always follows the DL and UL HARQ timeline defined by current TDD UL/DL configuration. In order to resolve the HARQ timeline problems during reconfiguration boundary as stated in section 2.1, only the HARQ processes, which follow the same HARQ timeline whether in the previous configuration or in the reconfigured configuration, should be used to guarantee the transmission reliability during reconfiguration boundary.
Table 1 and Table 2 provide the available downlink subframes and uplink subframes that fulfill the above requirement, respectively. The percentage of such subframes is also listed.
Table 1 The available downlink subframes during configuration and its percentage

	New config
previous config
	config 0
	config 1
	config 2
	config 3
	config 4
	config 5
	config 6

	config 0
	　
	0/1/5/6
100%
	0/1/5/6
100%
	0/1/5/6
100%
	0/1/5/6
100%
	0/1/5/6
100%
	0/1/5
75%

	config 1
	0/1/4/6
66%
	　
	0/1/4/5/6
83%
	0/1/4/5/6
83%
	0/1/4/5/6/9

100%
	0/1/4/5/6
83%
	0/1/4/5
66%

	config 2
	0/1/3/6
50%
	0/1/3/5/6
62%
	　
	0/1/3/5/6
62%
	0/1/3/4/5/6
75%
	0/1/3/4/5/6/8

87%
	0/1/3/5

50%

	config 3
	0/6
50%
	0/5/6
42%
	0/5/6
42%
	　
	0/1/5/6/7/8
85%
	0/1/5/6/7
71%
	0/5/9
42%

	config 4
	6
12%
	5/6/9
37%
	4/5/6
37%
	1/5/7/8
57%
	　
	1/5/6/7/8
62%
	5/6
25%

	config 5
	6
11%
	5/6
22%
	4/5/6/8
44%
	1/5/6
33%
	0/1/4/5/6
55%
	　
	5
11%

	config 6
	0/1
40%
	0/1/5
60%
	0/1/5
60%
	0/1/5/9

80%
	0/1/5
60%
	0/1/5
60%
	　


Table 2 The available uplink subframes during configuration and its percentage
	New config
previous config
	config 0
	config 1
	config 2
	config 3
	config 4
	config 5
	config 6

	config 0
	
	2/7
33%
	2
16%
	2/4

33%
	2
16%
	2
16%
	2/4/7/8
66%

	config 1
	2/3/7

75%
	
	2/3

50% 
	2/3

50%
	2/3

50%
	2/3

50%
	2/3/7

75%

	config 2
	2
50%
	2
50%
	　
	2
50%
	2
50%
	2
50%
	2
50%

	config 3
	2/3/4
100%
	2/3
66%
	2/3

66%
	
	2/3

66%
	2/3

66%
	2/3/4
100%

	config 4
	2/3
100%
	2/3

100%
	2/3

100%
	2/3
100%
	　
	2/3

100%
	2/3

100%

	config 5
	2
100%
	2
100%
	2
100%
	2
100%
	2
100%
	
	2
100%

	config 6
	2/3/4/7/8
100%
	2/3/7
60%
	2/3
40%
	2/3/4
60%
	2/3
40%
	2/3
40%
	


Pros:

1. This method is simple and do not introduce specification impact.
2. This method can make the best use of existing HARQ timeline, and the HARQ timeline is optimized for those subframes do not have HARQ problems.
Cons:

1. Some subframes could not be used for data transmission during reconfiguration boundary, which will induce performance degradation.
Alt3b
It has been agreed that explicit L1 signalling by UE-group-common (e)PDCCH is used for reconfiguration at last meeting. Namely, the TDD UL/DL reconfiguration is explicitly known on UE side. Additionally, if the reliability of the explicit L1 signalling can be guaranteed, UE can use such information to derive the DL and UL HARQ timeline. One method is to choose the DL and UL reference configurations based on the previous configuration and reconfigured configuration.
The DL and UL reference configurations are applied only to the subframes whose HARQ procedures run across two different TDD UL/DL configurations. For the subframes do not have HARQ problems, their own DL and UL HARQ timeline could be used, namely, the reference configuration is the actual TDD UL/DL configuration. This method could shorten the HARQ delay and may improve the whole performance.
The DL reference configuration could be chosen so that its DL subframe set is the minimum union of the DL subframes of the two consecutive configurations near the transition boundary. Similarly, the UL reference configuration could be chosen so that its UL subframe set is the minimum union of the UL subframes of the two consecutive configurations near the transition boundary.
In addition, we can redesign the HARQ timeline for the problematic subframes by case-by-case optimization to maximally shorten the HARQ delay. One example for downlink is illustrated in annex. 
Pros:

1. This method can make the best use of existing HARQ timeline and provide shorter HARQ delay which may improve the whole performance, since the HARQ timeline is optimized for those subframes do not have HARQ problems.
2. With this method, the unbalanced control overhead and the impact on downlink performance can be maximally alleviated.
Cons:

1. The method has much specification impact.
2. This method requires higher reliability of explicit L1 signalling, since it could be influenced by the potential mismatched understanding between eNB and UE due to reconfiguration signalling is lost or incorrectly received by the UE.

Base on the above discussions, we have the following proposals:
Proposal:
1. DL and UL HARQ timeline for eIMTA needs further investigation.
2. Reuse the existing HARQ timeline for eIMTA as much as possible.
3. HARQ delay and control overhead balancing among multiple UL subframes for PDSCH HARQ feedback should be considered for eIMTA HARQ timeline design.
3. Conclusion
In this contribution, the HARQ timeline design in eIMTA is discussed and three main kinds of reference configuration methods are analyzed. We propose:
Proposal:
1. DL and UL HARQ timeline for eIMTA needs further investigation.

2. Reuse the existing HARQ timeline for eIMTA as much as possible.

3. HARQ RTT and ACK/NACK balancing among multiple UL subframes for PDSCH HARQ feedback should be considered for eIMTA HARQ timeline design.
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Annex: DL HARQ Timeline During UL-DL Reconfiguration
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