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1
Introduction
A Rel.14 WI “Uplink Capacity Enhancement for LTE” was approved in RAN#71, and one of the objectives of this WI is shown below [1].
· UL support of PUSCH transmission in special subframe [RAN1]

· Specify mechanism for supporting PUSCH transmission in special subframe with DwPTS of 6 OFDM symbols, GP of 2 OFDM symbols. [RAN1, RAN2]
· Introduce applicable RF requirements [RAN4]
· Backward compatibility with legacy UEs is maintained

The following HARQ timing agreements were reached in RAN1#86 meeting.
Agreement:
· Support synchronized HARQ timing
· For TDD UL/DL configuration 1~5, specify the timing from UL grant to PUSCH according to the following table, when supporting PUSCH transmission in UpPTS, i.e., 

· The UE shall upon detection of a PDCCH with DCI format 0/4 in subframe n intended for the UE, adjust the corresponding PUSCH transmission in subframe n+k, where the k is in the following table
	TDD UL/DL
Configuration
	DL subframe index n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	6
	6
	 
	 
	4
	6
	6
	 
	 
	4

	2
	 
	5
	 
	4
	 
	 
	5
	 
	4
	 

	3
	4
	 
	 
	 
	 
	 
	 
	4
	4
	4

	4
	 
	 
	 
	 
	 
	 
	 
	4
	4
	4

	5
	 
	 
	 
	 
	 
	 
	 
	4
	4
	 


Agreement:
· For TDD UL/DL configuration 0, reuse the UL index field in UL grant to schedule PUSCH in UpPTS.

Agreement:
· For TDD UL/DL configuration 1~5, down-select between the following options for HARQ transmission:

· Option1: Only support adaptive HARQ transmission, i.e., the retransmission of a PUSCH in UpPTS is scheduled by a UL grant with NDI not toggled

· Option2: Support both adaptive and non-adaptive HARQ transmission. For non-adaptive HARQ transmission, the PHICH is used, and the PHICH timing is designed based on the following principle:

· Principle: To keep the backward compatibility, the PHICH corresponding to PUSCH in UpPTS can only be added in DL subframes including legacy PHICH region

· FFS if non-adaptive HARQ transmission is supported for TDD UL/DL configurations 0 and 6

In this contribution, we discuss further the HARQ timing aspects for PUSCH transmission in special subframe.
2
HARQ timing for PUSCH on UpPTS 
UL grant and PUSCH transmission timing for UL/DL configuration 0

For UL/DL configuration 0, the multi-subframe scheduling is applied in legacy releases as showing in figure 1. Some of the HARQ processes can be scheduled by both subframe 0 and 1 and subframe 5 and 6. As showing in figure 1, the PUSCH in subframe 7 can be either scheduled by UL grant in subframe 0 or subframe 1. 

As discussed in RAN1#86 meeting, serval options can enable PUSCH transmission on UpPTS, the option 1 [3] in figure 2 is to reuse the UL index state 00 in subframe 0 and 1 to schedule PUSCH on subframe 6. The option 2 [3] in figure 3 is using the UL index state 00 in subframe 1 to schedule PUSCH on subframe 6. Comparing option1 and option 2, option 1 provide additional opportunity to schedule PUSCH on UpPTS than option 2. For option 3 in figure 4, the new HARQ process replace the existing HARQ process in subframe 1, the MSB of UL index in subframe 1 indicates the scheduling of PUSCH in UpPTS. Comparing the three options, option 1 and 2 just use the unused state 00 in UL index, in case the PUSCH on UpPTS is scheduled, then other two UL subframe could not be scheduled, or the other way around. With option 3, the PUSCH on UpPTS and normal PUSCH can be scheduled together, in this way the UE peak data rate is enhanced.
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	Figure 1: Rel.8 PUSCH scheduling timing
	Figure 2: Option 1: UL index=00 in subframe 0 and 1 for PUSCH on UpPTS
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	Figure 3: Option 2: UL index=00 in subframe 1 for PUSCH on UpPTS
	Figure 4: Option 3: MSB of UL index in subframe 1 for PUSCH on UpPTS


According to Option 3, the UL grant and the PUSCH transmission timing for UL/DL configuration 0 is shown in table 1 (updated table of Table 8-2 in 36.213). “UE shall upon detection of a EPDCCH with uplink DCI format and/or a PHICH transmission in subframe n intended for the UE, adjust the corresponding PUSCH transmission in subframe n+k, with k given in Table 8-2 ” in 36.213 [2], the UL grant in subframe with red colour will schedule the new HARQ process.
Table 1: UL grant and PUSCH transmission timing with new introduced HARQ process

	TDD UL/DL
Configuration
	subframe number n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	4/7
	5/7
	 
	 
	 
	4/7
	5/7
	 
	 
	 

	6
	7/6
	7
	 
	 
	 
	7/6
	7
	 
	 
	5


Proposal 1: The MSB of UL index in subframe 1/6 to indicate the scheduling of PUSCH on UpPTS for UL/DL configuration 0.
UL grant and PUSCH transmission timing for UL/DL configuration 6

For UL/DL configuration 6, the HARQ-ACK bundle window size is always 1 and therefore the UL DAI is not actually useful in HARQ-ACK feedback process until Rel.10 CA. From this point, the UL DAI field can be replaced by UL index to enable the PUSCH scheduling in special subframe. However, after Rel.10, some features need the UL DAI field to determine the HAQR-ACK code book size. The detailed scenarios are showing below,
· Rel.11 CA, for self-scheduling, Pcell or Scell is UL/DL configuration 6  

· Rel.11 eIMTA: the eIMTA enabled cell is UL/DL configuration 6

· Rel.12 TDD-FDD CA: for self-scheduling, TDD is Pcell with UL/DL configuration 6

Observation: Re-interpretation of UL DAI field or replacing UL DAI filed with UL index in UL/DL configuration 6 is not compatible with other already defined features.

To support PUSCH transmission on UpPTS for UL/DL configuration 6, one possible way is to introduce two bit UL index field in DCI format 1/1A/4. With this option, the number of UE blind decodes is not increased for UE capable of transmission on UpPTS, and the standard effort is minor. The timing of UL grant and PUSCH transmission is shown in table 1.
Proposal 2: Introduce the two bits UL index field in UL/DL configuration 6.
PHICH operation for PUSCH on UpPTS

In RAN#86 meeting, the UL grant and PUSCH timing was agreed for UL/DL configuration 1-5, in case the PUSCH retransmission is triggered by PHICH, the PHICH resource need to be reserved in PDCCH region in the DL subframe with UL grant. However according to current specification, there is no corresponding PHICH resource reserved. If new PHICH resource for PUSCH on UpPTS is introduced in PDCCH region, it could cause problem for legacy UE decoding PDCCH. The possible way to avoid the impact to legacy UE is the overlapped CCE is no scheduled by eNB, it means increased restriction to eNB scheduling, since the PHICH resource spreads in whole system bandwidth. Thus the PHICH-less operation is preferred for UL/DL configuration 1-5, only adaptive HARQ transmission is supported.

For UL/DL configuration 0, as the PHICH resources are already reserved for legacy UE, there is no PHICH resource collision issue, so the PHICH operation can apply to PUSCH on UpPTS, and the DL control resource is saved. Both adaptive and non-adaptive HARQ transmission are supported for UL/DL configuration 0.  
For UL/DL configuration 6, PHICH resource already reserve for legacy UE, thus introduce PHICH for PUSCH on UpPTS will not impact legacy UE decoding PDCCH. Thus both adaptive and non-adaptive HARQ transmission are supported for UL/DL configuration 0.  
The PHICH and PUSCH transmission timing for UL/DL configuration 0/6 is shown in table2 (updated table 9.1.2-1 in 36.213). “If PUSCH is scheduled in subframe n, the corresponding PHICH resource is determined in subframe n+K_PHICH, Which is defined in table 9.1.2-1” in 36.213[2]. The PHICH resource is reserved in subframe with red colour for new introduced HARQ process.

	TDD UL/DL
Configuration
	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
	


Table 2: PHICH and PUSCH transmission timing with new introduced HARQ process

Proposal 3: For UL/DL configuration 0/6, both adaptive and non-adaptive HARQ transmission are supported; for UL/DL configuration 1-5, only adaptive HARQ operation is supported. 
3
Conclusion
In this contribution, we discussed the HARQ aspects for PUSCH transmission on UpPTS. Based on our analysis, the following proposals are made. 
Proposal 1: The MSB of UL index in subframe 1/6 to indicate the scheduling of PUSCH on UpPTS for UL/DL configuration 0.
Observation: Re-interpretation of UL DAI field or replacing UL DAI filed with UL index in UL/DL configuration 6 is not compatible with other already defined features.

Proposal 2: Introduce the two bits UL index field in UL/DL configuration 6.

Proposal 3: For UL/DL configuration 0/6, both adaptive and non-adaptive HARQ transmission are supported; for UL/DL configuration 1-5, only adaptive HARQ operation is supported. 
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