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1. Introduction 

In the RAN1 #52 meeting, it was agreed [1] that ACK/NACKs from several DL subframes are combined, or bundled, an AND operation is performed to generate a single ACK/NACK report to be transmitted in a single UL subframe.  In the RAN1 #53 meeting[2], a 2-bit Downlink Assignment Index field was agreed to be added to DCI formats 1/1A/2, which denotes a counter of the minimum number of previous and future dynamic downlink assignment transmitted within the bundling window, and it was also agreed that UE uses index in last received/detected DL subframe to check for missed DL assignments.
ACK/NACK bundling is beneficial to resolve coverage issue. On the other hand, ACK/NACK bundling may cause unnecessary retransmission, since all packets in the bundling window will retransmit if only there is one packet error, adopting ACK/NACK bundling across system reduces DL throughput. Meanwhile, multiple ACK/NACK transmission will consume more power and may cause coverage problem on PUCCH, Therefore, combination of multiple ACK/NACK and bundling ACK/NACK transmission may be considerable in TDD, in addition to ACK/NACK bundling. In this contribution, we propose a method for multiple ACK/NACKs transmission in TDD.
2. Multiple ACK/NACK transmission on PUCCH

2.1.    Number of ACK/NACKs

Based on the agreed HARQ pattern for TDD, each DL subframe is associated with an UL subframe and each UL subframe is associated with a set of DL subframes.  In Table 1, the number of DL subframes associated with each UL subframe is given.  In order to mitigate the suffering from PUCCH coverage problem, at most 4 DL subframes can be assigned to UE in corresponding to one PUCCH report. To support configuration 5, some subset-bundling can be adopted, e.g. four sub-group subframe {9,0,1},{3,4},{5,6},{7,8} are bundling to 4 ACK/NACKs.
Table 1 Number of DL subframes associated with each UL subframe.
	DL-UL 
configuration
	Switch-point 

periodicity
	Subframe n without/with MIMO 

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	-
	-
	1/2
	0/0
	1/2
	-
	-
	1/2
	0/0
	1/2

	1
	
	-
	-
	2/4
	1/2
	-
	-
	-
	2/4
	1/2
	-

	2
	
	-
	-
	4/8
	-
	-
	-
	-
	4/8
	-
	-

	3
	10 ms
	-
	-
	3/6
	2/4
	2/4
	-
	-
	-
	-
	-

	4
	
	-
	-
	4/8
	4/8
	-
	-
	-
	-
	-
	-

	5
	
	-
	-
	9/18
	-
	-
	-
	-
	-
	-
	-

	6
	
	-
	-
	1/2
	1/2
	1/2
	-
	-
	1/2
	1/2
	-


Proposal: In order to guaranteed less decode SNR is needed, up to 4 DL ACK/NACKs are simultaneous transmit on one UL subframe.
Proposal: For UL/DL configuration 5, subset-bundling are adopted. For example, four sub-group subframe {9,0,1},{3,4},{5,6},{7,8} are bundling to 4 ACK/NACK.  
Proposal: Codeword-bundling is implemented firstly when more than one DL subframe are scheduled to UE in MIMO case
2.2.   Transmission of ACK/NACK, CQI and/or SR on PUCCH 

2.2.1 ACK/NACK only
It has been agreed in last meeting that 2bit Downlink Assignment Index field is added to DCI formats 1/1A/2 to denote a counter of the minimum number of previous and future dynamic downlink assignment transmitted within the bundling window. If UE doesn’t receive PDCCH, then some DTX can be found.
As well knows, to improve coverage and simplify the design, the idea with bundling is to transmit a single ACK/NACK feedback based on logical AND operation for the ACK/NACKs of the multiple assigned DL subframes for TDD.  The advantages of the bundling are the improvement of UL coverage and multiplexing capacity compared with the multiple ACK/NACKs feedback will may lead to large overhead in the PUCCH. The fatal drawback of pure bundling is that the eNodeB can not determine which DL subframes in bundle were erroneously decoded. It will retransmit all the transmitted DL subframes. With the increase of the number of ACK/NACKs bundled, the throughput degrades dramatically with the increasing of retransmission. The exact number of bits for multiple ACK/NACKs feedback may depend on number of codewords of DL transmissions, number of DL subframe in the bundling window. As mentioned in [3], the possibility of retransmission for 4-ACK/NACKs bundled is 34% with predict packet error rate 10% for theoretic analysis. In actual system, several impairments such as inter-channel interference, the sounding delay and imprecise OLPC will result in much more high packet error rate causing throughput degraded seriously.
In [4], a novel scheme using PUCCH format 1b combined with ACK/NACK channel selection is proposed.  We think in some case, the channel selection may be failure, e.g. for 4 DL subframes scheduled, the final PDCCH is missing, how to UE report while the Multi-ACK/NACKs are ‘0010’ on fourth channel selection? If DTX of some PDCCH can be detected by UE, It seems unreasonable to retransmit all the subframes within feedback widow. And we also think the much more resource should be reserved on some PUCCH to support channel selection leading more complexity. 
To tradeoff the performance loss and coverage requirement, also from the perspective of specification simplification, we propose reporting two ACK/NACKs by using PUCCH format 1b for Multi-ACK/NACKs only scenarios. If UE detect some PDCCH lost, it will transmit NACK.
· For MIMO case and the last detected DAI field is ‘1’, the two ACK/NACKs is carried.
· If the last detected DAI field is ‘1’, the PUCCH format 1a is adopted for none-MIMO case, as same as FDD.

· If the last detected DAI field is ‘2’. The first bit corresponds to the first DL subframe, the second bit corresponds to the last DL subframe.

· If the last detected DAI field is ‘3’. The first bit corresponds to the first one/two DL subframe(s), the second bit corresponds to the last two/one DL subframe(s), sub-bundling is used.
· If the last detected DAI field is ‘4’. The first bit corresponds to the first two DL subframes, the second bit corresponds to the last two DL subframes, sub-bundling is used.
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Fig 1. Four DL sub-frame are transmitted in corresponding to one PUCCH 
In fig 1, it shows that ACK/NACKs of four DL sub-frame are assigned to the UE. As PDCCH of subframe 7 is missing, the UE doesn’t receive assignment in subframe 7, two sub-bundled ACK/NACK will be report.
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Fig 2. Two DL sub-frame are transmitted in corresponding to one PUCCH without MIMO
In fig 2, it shows that ACK/NACKs of two DL sub-frame without MIMO are assigned to the UE. The UE will use PUCCH format 1b to alleviate the PUCCH resource waste.
Proposal: To tradeoff the performance loss and coverage requirement also more simplicity to implementation, we propose reporting two ACK/NACKs by using PUCCH format 1b for Multi-ACK/NACKs only scenarios
2.2.2 Concurrent transmission ACK/NACKs and CQI
For concurrent transmission of ACK/NACKs and CQI, one option is to drop CQI. In some TDD configuration, the probability of concurrent transmission of Multi-ACK/NACKs and CQI is much higher than FDD. Therefore, if CQI is dropped, the gain of frequency selective scheduling is reduced. 

For commonality with FDD, we share a simply method to report information in this scenarios. The PUCCH format 2a is used to feedback one ACK/NACK report. For N(N>1) ACK/NACK report, the N ACK/NACK is sub-bundling to two bit feedback on PUCCH format 2b. For example in Fig 3, 3 DL subframes are schedule to UE, the first two DL subframes are sub-bundled and the last DL subframes are bundled without MIMO.  If UE find some DTX, then corresponding NACK is report. This structure is simply as same as FDD.  The CQI and ACK/NACK performance is guaranteed, while the performance loss by sub-bundling of subframes is reduced.
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Fig 3. Concurrent transmission of three DL sub-frame’s ACK/NACKs and CQI
Proposal: The CQI bits and up to 2bit bundled ACK/NACK in feedback window is multiplexing using current PUCCH format2a or PUCCH format 2b. Sub-bundling may be used.
2.2.3 Concurrent transmission ACK/NACK and SRI
The PUCCH format 1a is used to feedback one ACK/NACK report. For N(N>1) ACK/NACK report, the N ACK/NACK is sub-bundling to two bit feedback on PUCCH format 1b. For example in Fig 4, 3 DL subframes are schedule to UE, the first two DL subframes are sub-bundled and the last DL subframes are bundled without MIMO.  The bundled ACK/NACK is feedback on assigned SR PUCCH resource. If UE find some DTX, then corresponding NACK is report.  
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Fig 4. Concurrent transmission of three DL sub-frame’s ACK/NACKs and SRI
Proposal: The up to 2bit bundled ACK/NACKs are feedback on assigned SR PUCCH resource. Sub-bundling may be used.
2.2.4 Concurrent transmission ACK/NACK and SRS
As current specification, the SRS use the final symbol in subframe in the period of several milliseconds. In this case, the N bit ACK/NACKs are sub-bundled to 2 bits report and modulated using current shortened PUCCH structure. The corresponding symbol is punctured to transmit SRS.
Proposal: The N(N>1) bit ACK/NACKs are sub-bundled to 2 bits report, then the UE shall transmit ACK/NACKs using a shortened PUCCH format where the symbol corresponding to the SRS location is punctured
3. Conclusion
For multiple ACK/NACK transmission on one PUCCH or PUSCH for TDD, we propose

· In order to guaranteed less decode SNR is needed, up to 4 DL ACK/NACKs are simultaneous transmit on one UL subframe.
· For UL/DL configuration 5 subset-bundling are adopted. For example, four sub-group subframe {9,0,1},{3,4},{5,6},{7,8} are bundling to 4 ACK/NACK.  

· Codeword-bundling is implemented firstly when larger than one DL subframe are scheduled to UE in MIMO case
· For ACK/NACK only
· To tradeoff the performance loss and coverage requirement, also from the perspective of specification simplification, we propose reporting two ACK/NACKs by using PUCCH format 1b for Multi-ACK/NACKs only scenarios. If UE detects some PDCCH lost, it will transmit NACK.
· Concurrent transmission ACK/NACK and CQI

· The CQI bits and up to 2bit bundled ACK/NACK in feedback window is multiplexing using current PUCCH format2a or PUCCH format 2b. Sub-bundling may be used.
· Concurrent transmission ACK/NACK and SRI
· The up to 2 bits bundled ACK/NACKs are fed back on assigned SR PUCCH resource. Sub-bundling may be used.
· Concurrent transmission ACK/NACK and SRS
· The N(N>1) bit ACK/NACKs are sub-bundled to 2 bits report, then the UE shall transmit ACK/NACKs using a shortened PUCCH format where the symbol corresponding to the SRS location is punctured.
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