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1. Introduction

In RAN1 #74 meeting, some agreement and conclusion were reached for eIMTA HARQ design.
· Agreement on DL:
· Downlink HARQ timing follow a higher layer RRC configured TDD configuration
· At least configurations 2 and  5 can be selected
· FFS other configurations
· Conclusion on UL: Decide between Alt 1 and Alt 2 after the discussion on DL to UL subframe conversion concludes.
· Alt1: Uplink scheduling timing and HARQ timing follow configuration signaled in SIB1
· Alt2: Uplink scheduling timing and HARQ timing follow a higher layer RRC configured TDD configuration
In addition to timing issue, there are still several remaining problems for eIMTA HARQ design, e.g., PUCCH format and resource collision, PHICH resource allocation and absence, UL synchronous HARQ, and HARQ process number, etc. In this contribution, we discuss the PUCCH format for eIMTA HARQ-ACK feedback.
2. Problem description 

In RAN1 #74 meeting, it was agreed that at least configuration #2 and #5 can be semi-statically configured as DL HARQ reference configuration [1]. With configuration #5 as DL HARQ reference configuration, all the 7 TDD UL-DL configurations can be used for traffic adaptation, therefore, the benefit of dynamic TDD can be fully exploited. For configuration #5, there is only one UL subframe, which means HARQ-ACK feedback of all DL subframes will be sent in this UL subframe. For example, when reconfiguration from configuration #4 to configuration #2, as shown in Fig. 1, HARQ-ACK of seven DL subframes will be fed back in subframe #2 and the number of HARQ-ACK feedback bits could reach 14 for one UE with two codewords.
Based on the current specification, several PUCCH formats could be used to send HARQ-ACK feedback.  Different PUCCH formats have different capacity. Up to 20 bits HARQ-ACK feedback can be send in one UL subframe with PUCCH format 3, while the maximum HARQ-ACK feedback bits are up to 4 with other PUCCH formats. In the current specification, HARQ bundling can be used to reduce the total HARQ-ACK feedback of multiple DL subframes corresponding to one UL subframe, at the cost of increased retransmission probability. So PUCCH format 3 or other PUCCH format with HARQ bundling can be used in the above example. One special case is PUCCH format 1b with channel selection, which can only support 4-bit HARQ-ACK feedback and cannot be used with HARQ bundling. Therefore, PUCCH format 1b with channel selection can’t be used in eIMTA scenario when DL HARQ reference configuration is configuration #5. 
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Figure 1.  eIMTA HARQ-ACK feedback
3. Existing solutions

Based on the above analysis, PUCCH format 3 and other PUCCH formats (except for PUCCH format 1b with channel selection) combined with HARQ bundling could be used for eIMTA HARQ-ACK feedback. The two types of solutions have some disadvantages respectively.

Based on the existing HARQ bundling, the HARQ-ACK feedback of all the DL subframes which map to one UL subframe will be bundled together.  Even if HARQ-ACK feedback of only one subframe is NACK, all the DL subframes have to do retransmission, which may bring unnecessary system resource waste.

PUCCH format 3 can also be used because of its large capacity. But the disadvantage of using PUCCH format 3 is also obvious:
1) The signalling overhead of PUCCH format 3 is much larger than that of the other PUCCH formats [3]. For example, the coded bits per subframe of PUCCH format 3 is 48 bits, while that of PUCCH format 1b is only 2 bits.
2) The resource of PUCCH format 3 should be explicitly indicated, while the resource of other PUCCH formats may be implicitly indicated.

3) The maximum supportable user number in one PUCCH channel with PUCCH format 3 is five, which is much smaller compared to other PUCCH formats, e.g., 36 for PUCCH format 1b.
4) PUCCH format 3 is introduced mainly for CA scenario, most bits will be wasted if CA is not applied in the system.
Observation 1: The existing HARQ bundling operation may bring unnecessary retransmission overhead.
Observation 2: PUCCH format 3 has larger signalling overhead and may cause system resource waste.
4. Proposed Enhancement
Since the HARQ bundling may bring more retransmission overhead and PUCCH format 3 may bring more signalling overhead, we propose a partial bundling scheme to reduce the retransmission overhead while reuse other PUCCH format besides PUCCH format 3 to reduce the signalling overhead. In the following, PUCCH format 1b with channel selection is taken as an example to show the partial bundling scheme, since PUCCH format 1b with channel selection can use only two bits to indicate four bits HARQ-ACK feedback information, which has higher spectrum efficiency. The basic principle of this scheme is to partially bundle the HARQ-ACK of some subframes if the total number of HARQ-ACK feedback bits are larger than 4 to generate at most 4 bits, therefore, PUCCH format 1b with channel selection can be reused in eIMTA scenario. 
There could be different implementations of partial bundling. The key is how to select subframe set for partial bundling. In the following, we give two examples to show some possible implementations of such partial bundling scheme.
As shown in Fig. 2, the first three subframes generate one HARQ-ACK feedback bit respectively and the HARQ-ACK feedback of the remaining four subframes are bundled together to generate 1 HARQ-ACK feedback bit. So totally 4 HARQ-ACK feedback bits are generated and PUCCH format 1b with channel selection can be used.
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Figure 2. Example 1 of partial bundling
In dynamic TDD system, the interference situation in fixed and flexible subframes is significantly different. So as discussed in [4], we can also consider sending the HARQ-ACK feedback of fixed subframes and flexible subframes respectively. Therefore, bundle the HARQ-ACK feedback of fixed subframes and flexible subframes respectively may be another possible implementation, as shown in Fig. 3. Since the fixed subframes and flexible subframes may experience similar interference level respectively, the HARQ-ACK feedback reliability with such bundling rule can be improved compared to bundle fixed and flexible subframes together. As for how to identify fixed and flexible subframes, the subframe-set defined for UL PC and/or CSI measurement could be used.
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Figure 3. Example 2 of partial bundling
In the following, some numerical analyses are provided to show the advantage of this scheme compared to the HARQ bundling scheme in the current specification.
Table I. Performance comparison

	
	Bundled Subframes
	Retransmission Probability
	Retransmission Overhead

	Rel-10 HARQ bundling
	{0, 1, 4, 5, 6, 7, 8}
	1-(1-10%)7
	(1-(1-10%)7)*7*TB_size  = 3.65*TB_size 

	Partial bundling – Example 1
	{0}, {1}, {4}, {5, 6, 7, 8}
	{10%, 10%, 10%, 1-(1-10%)4}
	(10%*1+10%*1+10%*1+(1-(1-10%)4)*4)*TB_size =  1.67*TB_size 

	Partial bundling – Example 2
	{0,1,5,6},{4,7,8}
	{1-(1-10%)4,1-(1-10%)3}
	((1-(1-10%)4)*4+(1-(1-10%)3)*3) *TB_size = 
2.20* TB_size


Observation 3: Partial bundling operation can reduce the retransmission probability and retransmission overhead
Proposal: Partial bundling operation should be supported for eIMTA HARQ
· Subframe-set based partial bundling is preferred
5. Summary
In this contribution, we discussed the PUCCH format for eIMTA HARQ-ACK feedback and proposed partial bundling operation for PUCCH format 1b with channel selection. The observations and proposal are summarized as follows.
Observation 1: The existing HARQ bundling may bring unnecessary retransmission overhead
Observation 2: PUCCH format 3 has larger signalling overhead and may cause system resource waste
Observation 3: Partial bundling operation can reduce the retransmission probability and retransmission overhead
Proposal: Partial bundling operation should be supported for eIMTA HARQ
· Subframe-set based partial bundling is preferred
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