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1
Introduction
A Rel.14 WI “Uplink Capacity Enhancement for LTE” was approved at 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

In RAN1#86 meeting, the following was agreed:
Agreement:
· Support TTI bundling for TDD configuration 2 and 3 when supporting of PUSCH in UpPTS
· Specify the scheduling and HARQ timing for TTI bundling 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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In this contribution, we discuss further the HARQ timing aspects for TTI bundling.
2
HARQ timing for TTI bundling 
It was agreed the TTI bundling is supported for UL/DL configuration 2/3 in last RAN1 meeting, and the related UL grant and TTI bundling transmission timing was agreed as well. PHICH and TTI bundling retransmission timing need to be discussed further. Before determining the timing, the HARQ processes number need to be decide first. Considering the available number of UL subframes for TTI bundling in UL/DL configuration 2/3, introducing two additional HARQ process is the better choice to provide appropriate re-transmission delay.

Proposal 1: The number of HARQ process for TTI bundling for UL/DL configuration 2/3 is 2.
When design the PHICH and TTI bundling retransmission timing, one important principle is to minimise the impacts to the legacy UE. That is to say the availability of PHICH resource for TTI bundling needs to be considered. For UL/DL configuration 2, the PHICH resource is reserved in subframe 3/8; for UL/DL configuration 3, the PHICH resource is reserved in subframe 8/9/0. If the PHICH for TTI bundling is occurred in other subframes, new PHICH resource need to be reserved. As a consequence, the new PHICH resource will occupy the REG for legacy PDCCH, the legacy UE PDCCH decoding performance will be impacted. Although eNB could avoid the new PHICH resource collision with legacy PDCCH by scheduling restrictions, but the cost is increased eNB scheduling restraint, since the PHICH resource spreads in whole system bandwidth, some of CCEs are blocked by new introduced PHICH. Thus it’s preferred the PHICH for TTI bundling is in the subframe with PHICH resource already reserved for legacy UE. According to this, the PHICH and re-transmission timing and UL grant and PHICH timing is showing in table 1 and 2 respectively.
Table 1: k_phich for TDD configurations 2 and 3 
	TDD UL/DL
Configuration
	subframe index n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	2
	
	7
	6
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	7
	6
	6
	6
	
	
	
	
	


Table 2: l for TDD configurations 2 and 3 
	TDD UL/DL
Configuration
	DL subframe number n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	2
	
	3
	
	0
	
	
	3
	
	0
	

	3
	1
	
	
	
	
	
	
	7
	0
	1


Proposal 2: Adopt the PHICH and PUSCH retransmission timing in table 1 and UL grant and PHICH timing in table 2 for TTI bundling for UL/DL configuration 2/3. 
3
Conclusion
In this contribution, we discussed the HARQ aspects for TTI bundling for PUSCH transmission on UpPTS. Based on our analysis, the following proposals are made. 
Proposal 1: The number of HARQ process for TTI bundling for UL/DL configuration 2/3 is 2.
Proposal 2: Adopt the PHICH and PUSCH retransmission timing in table 2 and UL grant and PHICH timing in table3 for TTI bundling for UL/DL configuration 2/3. 
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