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1. Introduction

In RAN1#53bis, a way forward regarding multiple ACK/NACK transmission for TDD was proposed in [1]. Based on the contribution, three proposals were available for ACK/NACK transmission on the PUCCH – (1) PUCCH format 1 with code selection, (2) PUCCH format 1 with multiple codes, and (3) PUCCH format 2.  This contribution evaluates the proposals and provides some recommendations regarding multiple ACK/NACK transmission in TDD.
2. ACK/NACK Modes
Currently, ACK/NACK bundling is used to transmit a single acknowledgement (1 or 2 bit depending on MIMO mode).  This can significantly increase the coverage of the PUCCH and UEs that are in poor coverage may be configured to operate in this mode.   For UEs that are in good coverage, there should be no issue in transmitting multiple acknowledgments in order to maximize system throughput.  However, one issue to address is whether UE will be configured to feedback a certain number of bits (e.g. based on DL:UL configuration) or will the UE have the flexibility to feedback based on actual number of DL sub-frames received.  With the latter, there is obviously a possibility of mismatch between what the UE is sending versus what the eNB may be expecting due to missed scheduling assignments.  With the former, coverage is worse as only one configuration will be supported in the cell.  However, as in general the maximum number of sub-frames will not be large (4 or less), it is better to always fix the format so as to avoid potential corruption with missed scheduling assignments.  To minimize the number of feedback, spatial bundling per downlink subframe is performed when spatial multiplexing is used (i.e. feedbacks from both codewords are bundled together).  Note that the UE ACK/NACK transmission mode is configured by higher layers.
Recommendation:  UE can be configured in one of the following two modes

· Single ACK/NACK feedback using bundling concept.

· Multiple ACK/NACK feedback where UE is configured to ACK/NACK for up to 4 downlink subframes.  Spatial bundling per downlink subframe is performed when spatial multiplexing is used.
Note that this point is also supported in [1]. 
3. Transmission Format
Three possible alternatives for conveying multiple ACK/NACK are (1) PUCCH format 1 with code selection, (2) PUCCH format 1 with multiple codes and (3) PUCCH format 2.  Although PUCCH format 1 with multiple codes can provide good performance, it requires significant specification changes as an additional format must be support.  Given the tight schedule for Release-8 specification completion, it is preferable to reuse existing functionalities with minimal changes.  Therefore, PUCCH transmission with multiple codes is not preferred.  The obvious advantage of using PUCCH format 1 with code selection is that no additional resource will be needed for multiple ACK/NACK.  However, there are several issues related to this method.  First, performance degrades when DTX requirement is considered.  In addition, to completely reuse existing PUCCH structure, explicit DTX state cannot be supported.  As a result, DTX and NACK are treated as the same state, which can degrade performance somewhat when retransmission is required.  With PUCCH format 2, additional resources must be reserved.  However, performance is better than PUCCH format 1 when DTX detection is taken into consideration as shown in Table 1.  Additionally, performance may be improved through for example advanced channel estimation algorithm or joint data and channel estimation. 
Table 1 lists performance of the two approaches at ACK/NACK BER of 1e-3 with P(DTX→ACK) < 1e-2. From the table, it is seen that performance of PUCCH format 2 is slightly better than with PUCCH format 1 with code selection when DTX requirement is considered.  The improvement is approximately 1.2 dB for 2-bit feedback and 0.2 dB for 4-bit feedback.
Table 1.  SNR requirements for P(DTX→ACK) < 1e-2 and ACK/NACK BER of 1e-3.
	PUCCH Format
	2-bit A/N
	4-bit A/N

	Format 1 with code selection
	-4.5
	-4.2

	Format 2
	-5.7
	-4.4


Based on the performance results shown in Table 1, it is seen that PUCCH format 2 provides better performance.  Additionally, it should be noted that the results for PUCCH format 1 is optimistic as only one UE is considered here.  In practice, due to the need for DTX detection, it is important to limit the number of acknowledgments within a physical resource block to a reasonable number.  Preliminary simulation results with four users were shown in [3].  From the results, it is seen that approximately additional 2-3 dB over single-user result is required to satisfy the performance requirements.  Also note that with code selection then only bundled ACK/NACK can be transmitted when ACK/NACK is transmitted simultaneously with CQI or SRI.  With format 2, multiple ACK/NACK can be transmitted with SRI using existing format.  In light of the above performance difference, PUCCH format 2 should be used for multiple ACK/NACK transmission.
Recommendation:  Multiple ACK/NACK transmission uses PUCCH format 2.
4. ACK/NACK Index Selection 

To minimize the overhead associated with multiple ACK/NACK feedback, it is proposed that the ACK/NACK index selection is given explicitly through RRC signalling (same method as in semi-persistent assignment) and 2-bit parameter on the downlink assignment.  The DAI parameter can be reused to convey this 2-bit index selection parameter.  For example, the UE may be pre-assigned four different indices through RRC signalling and told which one to use on the downlink assignment.  Or the UE may be assigned a starting index through RRC signalling and uses assigned index + offset where the offset is explicitly given in the downlink assignment.  This explicit signalling allows four different indices to be associated with one UE, therefore avoiding scheduling restriction and allowing the available indices to be efficiently utilized.    
Recommendation: ACK/NACK index is given through RRC signalling (same method as in semi-persistent assignment) and 2-bit parameter on the downlink assignment. 
5. ACK/NACK Multiplexing with Data and Other Control Information
When ACK/NACK is transmitted on the PUCCH, format 2 is recommended.  With this format choice, different transmission modes with data and other control information can be supported using existing methods.  For ACK/NACK + SRI, both control information can be transmitted using PUCCH format 2/2a.  For ACK/NACK + CQI, UE may be configured to drop CQI in this case which is already a supported mode.  On the other hand, UE may also be configured to transmit CQI and bundled ACK/NACK if high priority is place on CQI reports.  For ACK/NACK + CQI + SRI, then UE may be configured to drop CQI and instead transmit ACK/NACK + SRI using PUCCH format 2/2a.
Finally, when multiple ACK/NACK is transmitted with data, suitable multiplexing concept may be used by placing the multiple ACK/NACK information either in the CQI or ACK/NACK position.  It is expected that both multiplexing concepts will offer similar performance.
Table 2 summarizes the proposed multiplexing methods for ACK/NACK and data or control information.   From the table, it is seen that all possible cases can be handled efficiently without significant impact to system performance.
Table 2.  Multiple ACK/NACK transmission method.

	Multiple ACK/NACK
	Transmission Method

	PUCCH
	ACK/NACK
	Use PUCCH Format 2

	
	ACK/NACK + CQI
	CQI is dropped, or bundled ACK/NACK+CQI

	
	ACK/NACK + SRI
	Use PUCCH Format 2a (short CP) or 2 (extended CP)

	
	ACK/NACK + CQI + SRI
	UE may be configured to drop CQI and use PUCCH Format 2a (short CP) or 2 (extended CP)

	ACK/NACK + PUSCH
	Use suitable multiplexing concept, (CQI or CK/NACK) 

	ACK/NACK + CQI + PUSCH
	


6. Conclusions
In this contribution, the following recommendations are made regarding multiple ACK/NACK transmission for TDD –
· UE can be configured in one of the following two modes –
· Single ACK/NACK feedback using bundling concept.

· Multiple ACK/NACK feedback where UE is configured to ACK/NACK for up to 4 downlink subframes.  Spatial bundling per downlink subframe is performed when spatial multiplexing is used.
· Multiple ACK/NACK transmission uses PUCCH format 2.
· ACK/NACK index is given through RRC signalling (same method as in semi-persistent assignment) and 2-bit parameter on the downlink assignment.
· ACK/NACK + CQI transmission uses bundled ACK/NACK + CQI or UE can be configured to drop CQI.
· ACK/NACK + SRI transmission uses format 2/2a.
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