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1. Introduction

In RAN1#52, the uplink acknowledgements in TDD can be transmitted as summarized below:

· Single ACK/NACK feedback 

· ACK/NACKs from one or several DL subframes are combined to a single report

· Multiple ACK/NACK feedback

· Individual ACK/NACKs from each of the DL subframes assigned are transmitted

· The inclusion of this scheme (and the details) are FFS

· UE specific or cell specific FSS
This contribution addresses several issues regarding single and multiple ACK/NACK feedback in the uplink for TDD. 
2. Cell-specific or UE-specific Configuration
UE-specific configuration of single or multiple ACK/NACK feedback provides the flexibility to ensure high user throughput of UEs with good coverage and large amount of data and at the same time avoids the coverage problem when all the UEs have to send multiple ACK/NACK feedback. However, UE-specific configuration requires two schemes to implicitly assign ACK/NACK resource for single and multiple ACK/NACK feedback which also results in larger overhead. 
On the other hand, cell-specific configuration apparently cannot support a mixture of single and multiple ACK/NACK feedback. However, as shown in Table 1, if the coverage problem for multiple ACK/NACK feedback can be solved, a mixture of single and multiple feedback UEs is actually not needed.
Table 1 Comparison of cell- and UE-specific configuration.
	
	Cell specific
	UE specific
	Performance
	Coverage
	Overhead

	Single feedback
	Supported
	Supported
	?
	Good
	Low

	Single and multiple feedback
	Not supported
	Supported
	Good
	Good
	High

	Multiple feedback
	Supported
	Supported
	Good
	?
	Moderate


Here is our proposal:
· Cell-specific configuration for single or multiple ACK/NACK feedback;
· For multiple ACK/NACK feedback, the coverage problem is solved by limiting the number of feedback bits for a coverage-limited UE. The details are given in Section 5.
3. Single ACK/NACK Feedback (Bundling)

Since a single ACK/NACK feedback may have 1 or 2 bits, rules are needed to define whether to send 1 or 2 bits ACK/NACK feedback for various bundling cases. To avoid complication and problem due to various error cases, here is our proposal:
· For single codeword/non-MIMO UEs, bundled ACK/NACK feedback has 1 bit;
· For MIMO UEs that may use 2 codewords, bundled ACK/NACK feedback has 2 bits. The first (second) bit is the bundled ACK/NACK for the all the first (second) codeword transmissions.
4. Transmission Format for Multiple ACK/NACK Feedback 
With feedback for multiple subframe and large number of feedback bits in case of MIMO, it seems natural that joint instead of individual coding should be used.  In [5], CQI coding based on Reed-Muller block code was agreed.  The scheme can accommodate up to 14 information bits and allows re-use of existing UTRA functionality.  As a result, it is also proposed that multiple ACK/NACK transmission uses the same coding scheme as CQI.
With regard to transmission format, [2] shows that DFT-S-OFDM enjoys a performance benefit of 1-2 dB over modulated CAZAC sequences due to the larger coding gain.  However, DFT-S-OFDM has two drawbacks – (1) incompatible structure with existing PUCCH formats 0-2 and (2) one less multiplexing capacity.  The loss in capacity is not a major disadvantage, but the incompatible structure presents a significant challenge.  This is because ACK/NACK assignment is implicitly tied to the CCE used for scheduling assignment.  However, as UE may be configured for one of two feedback modes, it becomes rather challenging to try to minimize the uplink resource needed.  In the worst case, two different ACK/NACK regions may need to be defined to handle the two feedback modes, or PDCCH restriction (i.e. two separate PDCCH regions corresponding to the feedback types) may have to be enforced.  Therefore, it is proposed that the modulated CAZAC sequences structure be kept. 
In the case that the multiple ACK/NACK feedback shall be transmitted using PUSCH, the agreed resource region for ACK/NACK in PUSCH may not be enough anymore. Since the same coding and transmission format are used for multiple ACK/NACK and CQI feedbacks in PUCCH, it is then natural to use similar schemes for multiple ACK/NACK and CQI feedbacks in PUSCH as well.
Therefore, it is proposed that – 
· Joint coding is used for multiple ACK/NACK transmission using the same block code as CQI coding agreed in RAN1#51-Bis.
· PUCCH format 2 (modulated CAZAC sequences) is used to transmit multiple ACK/NACK bits. 
· Use a similar resource region as that of the CQI transmission in PUSCH for multiple ACK/NACK transmission in PUSCH;
· Multiple ACK/NACK resources are placed at the end of the data resources.
5. Number of Bits and Coverage for Multiple ACK/NACK Feedback
The exact number of bits for multiple ACK/NACK feedback may depend on number of codewords of DL transmissions (N), number of DL subframe associated with an UL subframe for ACK/NACK feedback (M), number of DL scheduling messages decoded at the UE, errors cases that need to consider, and etc. A straightforward approach is to always have M x N bits for multiple ACK/NACK feedback. This simple approach avoids the problems due to PDCCH detection errors. Table 2 shows the number downlink subframes associated with a particular uplink subframe for ACK/NACK feedback [7]. Based on CQI coverage analysis in [8], coverage is not expected to be an issue except for Configuration 5 with MIMO.  In this case, M = 9 and M x 2 = 18 bits exceeds the capability of PUCCH format 2.   
Table 2.  No of DL subframe associated with an UL subframe for ACK/NACK feedback.
	Configuration
	Period

(ms)
	Subframe

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 
	-
	-
	1
	0
	1
	-
	-
	1
	0
	1

	1
	
	-
	-
	2
	1
	-
	-
	-
	2
	1
	-

	2
	
	-
	-
	4
	-
	-
	-
	-
	4
	-
	-

	3
	10
	-
	-
	3
	2
	2
	-
	-
	-
	-
	-

	4
	
	-
	-
	4
	4
	-
	-
	-
	-
	-
	-

	5
	
	-
	-
	9
	-
	-
	-
	-
	-
	-
	-

	6
	
	-
	-
	1
	1
	1
	-
	-
	1
	1
	-


To solve the coverage problem, a modified approach is proposed here:
· Normally the multiple ACK/NACK feedback has M x N bits.
· In the case of M = 9, 9 bits is used for non-MIMO UEs. For MIMO UEs
· The number of bits may be reduced from 18 to 9 bits with 1 bit for each DL subframe transmission or
· The number of bits may be reduced to 8 or 10 bits by dividing the DL subframes that can be scheduled for the same UE into two groups: the odd DL subframes and the even DL subframes.
· For coverage-limited UEs, the multiple ACK/NACK feedback becomes a single/bundled ACK/NACK feedback with only N (1 or 2) bits. However, multiple ACK/NACK feedback format is still used in order to avoid supporting both formats in the same subframe. Whether this is needed can be configurable.
· The coverage-limited UEs could be either configured through higher layer, or implicitly signaled by, for example, using 8 CCEs for PDCCH of the DL scheduling message.
6. Conclusions
This contribution addresses several issues regarding single and multiple ACK/NACK feedback for TDD.  It is proposed that –

· Cell-specific configuration for single or multiple ACK/NACK feedback

· For single ACK/NACK feedback
· For single-codeword/non-MIMO UEs, bundled ACK/NACK feedback has 1 bit;

· For MIMO UEs that may use 2 codewords, bundled ACK/NACK feedback has 2 bits. The first (second) bit is the bundled ACK/NACK for the all the first (second) codeword transmissions.
· For multiple ACK/NACK feedback
· Joint coding is used for multiple ACK/NACK transmission using the same block code as CQI coding agreed in RAN1#51-Bis.

· PUCCH format 2 (modulated CAZAC sequences) is used to transmit multiple ACK/NACK bits. 
· Use a similar resource region as that of the CQI transmission in PUSCH for multiple ACK/NACK transmission in PUSCH
· Multiple ACK/NACK resources in PUSCH are placed at the end of the data resources.
· Normally the multiple ACK/NACK feedback has M x N bits.
· In the case of M = 9, 9 bits is used for non-MIMO UEs. For MIMO UEs
· The number of bits may be reduced from 18 to 9 bits with 1 bit for each DL subframe transmission or

· The number of bits may be reduced to 8 or 10 bits by dividing the DL subframes that can be scheduled for the same UE into two groups: the odd DL subframes and the even DL subframes.
· For coverage-limited UEs, the multiple ACK/NACK feedback becomes a single/bundled ACK/NACK feedback with only N bits. However, multiple ACK/NACK feedback format is still used in order to avoid having to support both formats in the same subframe. Whether this is needed can be configurable.
· The coverage-limited UEs could be either configured through higher layer, or implicitly signaled by, for example, using 8 CCEs for PDCCH of the DL scheduling message.
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