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1 Introduction
In RAN1#86bis, the following agreements were reached for HARQ-ACK timing for PUSCH in UpPTS [1]:

Agreement:
· For TDD UL/DL configuration 1~5

· Support adaptive HARQ transmission, and specify the timing from PUSCH to PUSCH retransmission grant according to the following table
	TDD DL/UL config.
	UL subframe index n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	
	4
	4
	6
	
	
	4
	4
	6
	

	2
	
	5
	6
	
	
	
	5
	6
	
	

	3
	
	6
	6
	6
	6
	
	
	
	
	

	4
	
	6
	6
	6
	
	
	
	
	
	

	5
	
	6
	6
	
	
	
	
	
	
	


· Support non-adaptive HARQ transmission

FFS the timing from PUSCH to its ACK/NACK feedback in PHICH

Agreement:
· For TDD UL/DL configuration 0 and 6

· Support both adaptive and non-adaptive HARQ transmission, and specify the timing from PUSCH to its ACK/NACK feedback in PHICH or UL grant for retransmission according to the following table

	TDD UL/DL
Config
	subframe index n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	 
	5
	4
	7
	6
	 
	5
	4
	7
	6

	6
	 
	4
	4
	6
	6
	 
	4
	4
	7
	 


In this contribution, we present our considerations on non-adaptive HARQ-ACK timing of TDD UL/DL configuration 1~5 for PUSCH in UpPTS. We will discuss the working assumption of signaling of PUSCH in UpPTS for TDD UL/DL configuration 0 as well. As for TTI bundling for TDD UL/DL configuration 2/3, the design of HARQ-ACK timing is discussed briefly.
2 Discussion
2.1 HARQ-ACK timing for TDD UL/DL configuration 1~5
In RAN1#86bis, agreements were reached on adaptive HARQ-ACK timing for TDD UL/DL configuration 1~5 and non-adaptive HARQ-ACK timing was kept as FFS. For non-adaptive HARQ transmission, PHICH must be adopted for HARQ-ACK. To keep the backward compatibility, the PHICH corresponding to PUSCH in UpPTS can only in the existing legacy PHICH region. Meanwhile, principles described in [2] still should be applied in design of HARQ-ACK timing for PUSCH in UpPTS for TDD UL/DL configuration 1~5. One example design is shown in Table 1 modified from Table 9.1.2-1 in [3], where the modification for TDD UL/DL configuration 1~5 is marked in red. 
Table 1: Timing from PUSCH to PHICH for non-adaptive HARQ with TDD configurations 1~5
	TDD UL/DL
Configuration
	subframe index n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	
	5
	4
	6
	
	
	5
	4
	6
	

	2
	
	7
	6
	
	
	
	7
	6
	
	

	3
	
	7
	6
	6
	6
	
	
	
	
	

	4
	
	7
	6
	6
	
	
	
	
	
	

	5
	
	7
	6
	
	
	
	
	
	
	


Proposal 1: For non-adaptive HARQ transmission of PUSCH in UpPTS for TDD UL/DL configuration 1~5, introduce HARQ-ACK timing in Table 1.
The legacy PHICH resource is computed as
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Then, eNB can jointly adjust the scheduled PRB and DMRS cyclic shift to avoid collision between PUSCHs in UpPTS and normal uplink subframe. Even a collision happens, it is not necessary to be handled. For example, if PHICH resource to two PUSCHs collide, only the cases that one receiving is success and the other receiving is failed needs to handled. In such cases, eNB still can use UL grant to indicate PUSCH retransmission.

Proposal 2: Use legacy PHICH resource calculation for non-adaptive HARQ transmission of PUSCH in UpPTS.
For non-adaptive HARQ transmission, due to the re-usage of legacy PHICH region, there would be multiple uplink transmission to be fed back in one subframe. For example, as for TDD configuration 1 in Table 1, the PUSCH in both subframes #1 and #2 are fed back in subframe #6. As a result, a new timing from PHICH to retransmission for non-adaptive HARQ of PUSCH in UpPTS is required. To make sure that the retransmission of PUSCH in UpPTS is still in a UpPTS, we propose to adopt the timing in Table 2.
Table 2: Timing from PHICH to retransmission for non-adaptive HARQ with TDD configurations 1~5
	TDD UL/DL
Configuration
	subframe number n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	
	5
	
	
	
	
	5
	
	
	

	2
	
	
	
	8
	
	
	
	
	8
	

	3
	
	
	
	
	
	
	
	
	13
	

	4
	
	
	
	
	
	
	
	
	13
	

	5
	
	
	
	
	
	
	
	
	13
	


Proposal 3: Adopt Table 2 for the timing from PHICH to retransmission for non-adaptive HARQ with TDD configurations 1~5.

2.2 Signaling of PUSCH in UpPTS for TDD UL/DL configuration 0
In RAN1#86bis, a working assumption was introduced on signaling of PUSCH in UpPTS for TDD UL/DL configuration 0:

Working assumption:
· For TDD UL/DL configuration 0

· Support the following for timing from UL grant to PUSCH

· Change the interpretation of UL index field

· 1)MSB=1, LSB=0: UE shall upon detection of a PDCCH with DCI format 0 in subframe n intended for the UE, adjust the corresponding PUSCH transmission in subframe n+k, with k given in the following table.

· 2)MSB=0, LSB=1: UE shall adjust the corresponding PUSCH transmission in subframe n+7

· 3)MSB=1, LSB=1: UE shall adjust the corresponding PUSCH transmission in both subframes n+ k and n+7, with k in the following table

	TDD UL/DL
Config
	DL subframe index n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	4
	5
	 
	 
	 
	4
	5
	 
	 
	 


In the reconfiguration of PUSCH in UpPTS, with appropriate scheduling timing, the ambiguity can be avoided. For example, UL grant in subframe #0 schedules subframes #4 and #7, and UL grant in subframe #1 schedules subframe #8, then eNB and UE could have the same understanding even they are in different reconfiguration state.
Proposal 4: Confirm the working assumption on scheduling signalling and timing for TDD UL/DL configuration 0.
2.3 HARQ-ACK timing for TTI bundling of UL/DL configuration 2/3

In RAN1#86, the scheduling timing for TTI bundling of UL/DL configuration 2/3 is specified as follows:
· The UE shall upon detection of a PDCCH with DCI format 0 in subframe n intended for the UE, adjust the corresponding PUSCH transmission in subframe n+k, with k in the following table.
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As described in [3], for subframe bundling operation, the corresponding PHICH resource is associated with the last subframe in the bundle. To re-use the PHICH region to reduce signalling overhead, a timing from TTI bundling transmission to HARQ-ACK/PHICH is introduced in Table 3. In this way, both adaptive and non-adaptive HARQ can be supported for TTI bundling.
Table 3: [image: image3.wmf]PHICH

k

 for TTI bundling of TDD configurations 2/3
	TDD UL/DL
Configuration
	subframe index n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	2
	
	7
	6
	
	
	
	7
	6
	
	

	3
	
	7
	6
	6
	6
	
	
	
	
	


Proposal 5: For TTI bundling of TDD UL/DL configuration 2/3, adopt the timing from TTI bundling transmission to HARQ-ACK in Table 3.
According to the design in Table 3, l given in Table 8-2a in [3] can be calculated directly, with PHICH associated with the last subframe in the bundle and UL grant associated with the first subframe in the bundle. For TTI bundling in TDD UL/DL configuration 2/3, the l is given in Table 4 corresponding to the HARC-ACK timing in Table 3.
Table 4: l for TDD configurations 2, 3 
	TDD UL/DL
Configuration
	subframe number n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	2
	
	3
	
	0
	
	
	3
	
	0
	

	3
	1
	
	
	
	
	
	
	7
	0
	1


Proposal 6: Adopt Table 4 for l in Table 8-2a of 36.213 to support TTI bundling in TDD UL/DL configuration 2/3.
3 Conclusions

In this contribution, discussion on HARQ-ACK timing for TDD UL/DL configuration 1~5, signaling and TTI bundling for TDD UL/DL configuration 2/3 is presented, with following proposals:
Proposal 1: For non-adaptive HARQ transmission of PUSCH in UpPTS for TDD UL/DL configuration 1~5, introduce HARQ-ACK timing in Table 1.

Proposal 2: Use legacy PHICH resource calculation for non-adaptive HARQ transmission of PUSCH in UpPTS.
Proposal 3: Adopt Table 2 for the timing from PHICH to retransmission for non-adaptive HARQ with TDD configurations 1~5.
Proposal 4: Confirm the working assumption on scheduling signalling and timing for TDD UL/DL configuration 0.
Proposal 5: For TTI bundling of TDD UL/DL configuration 2/3, adopt the timing from TTI bundling transmission to HARQ-ACK in Table 3.
Proposal 6: Adopt Table 4 for l in Table 8-2a of 36.213 to support TTI bundling in TDD UL/DL configuration 2/3.
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