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1. Introduction 

At RAN1 #52bis, the timing relation between PDSCH transmission and ACK/NAK feedback transmission was agreed for TDD‎[2].  Depending on the UL:DL configuration,  ACK/NAK reports of 0,1,2,3,4 or 9 DL subframes from a single UE may need to be transmitted in an UL subframe. This is different as compared to FDD, where a one-to-one relation may be established between UL and DL subframes so that each UL subframe needs to carry ACK/NAK of only a single DL subframe.

Further, it has been agreed to support single ACK/NACK feedback, also referred to as “ACK/NAK bundling” ‎ [1]. This means that the ACK/NAKs of several assigned DL subframes are combined into a single ACK/NAK.  An alternative is to transmit a more rich ACK/NAK feedback report in the form of ACK/NAK reports of individual DL subframes.  It has been decided that such an operating mode is for further studies and the present contribution discusses this to a limited extent and proposes a candidate transmission scheme for benchmarking with ACK/NAK bundling.

2. Multiple ACK/NAK feedback

Assuming that the BLER for a transport block in a single subframe is p, that K transport blocks of s are bundled and that the block errors are independent and identical, then the effective BLER for the K bundled transport blocks is pK = 1-(1-p)K .  Let us assume that the throughput scales with one minus the (effective) BLER. The loss in terms of SNR from bundling will depend on the operating point in terms of BLER as well as the slope of BLER as a function of SNR at the considered operating point. Initial link level evaluations with fast link adaptation using an outer loop to adjust the target BLER confirm that the loss for around 10% retransmissions may indeed be small.  Hence, the cost for reducing the BLER target a factor two or four need not to be significant, at least if missed DL assignments are neglected and transport blocks in all bundled DL subframes are similar.

 It also follows that operation around a very high BLER operating point, for example at low SNR, bundling is expected to give performance degradation. If the BLER is high due to low SNR at the cell edge, then it is at the same time possible that the SNR is low in the uplink, and for such a case, multiple ACK/NAK feedback may not be an option.   If the BLER on the other hand is high or very different between different DL subframes of a bundle, for example due to poor or aggressive link adaptation, varying interference and/or poor CQI measurements,  multiple ACK/NAK feedback can most likely provide gains as compared to bundling. 
3. Multiple ACK/NAK transmission on PUCCH

3.1. Number of ACK/NAKs
From the agreed uplink ACK/NAK timing for TDD in ‎[2], it follows that depending on the UL:DL configuration, ACK/NAK reports of 0,1,2,3,4 or 9 DL subframes from a single UE may need to be transmitted in an UL subframe. More specifically, each DL subframe is associated with an UL subframe and in this way, 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 shown.
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Table 1 Number of DL subframes associated with each UL subframe.
As can be seen from the table, UL:DL allocation 5 is rather different in the sense that ACK/NAK feedback of up to nine subframes needs to be considered. To limit the flexibility and avoid optimizing for a special perhaps not so common cases, we propose to focus the efforts mainly on the case with multiple ACK/NAK feedback from up to four subframes. 
Proposal:  The basic design mainly considers ACK/NAK feedback from up to four DL subframes

At the same time, we see no reason to preclude operation with UL:DL allocation 5. To support such operation, some form of bundling can be applied.

Proposal: TDD UL/DL configuration 5 with 8DL+DwPTS:1UL is supported with some form of bundling. 
Hence, additional bits will not be added to support UL/DL configuration 5.
3.2. Transmission of ACK/NAKs and CQI 

Currently CQI reports of up to 11 bits can be transmitted on PUCCH.  Transmission of multiple ACK/NAKs may increase the payload to be carried on the PUCCH significantly.   To simplify the design and to ensure that benefits of multiple ACK/NAKs can be exploited in as large part of the cell as possible, a simple solution is to not allow simultaneous transmission of multiple ACK/NAKs and CQI. 
At the same time, one could possibly consider allowing transmission of a bundled ACK/NAK together with CQI. The UE may then be configured to drop CQI transmission and in that case transmit multiple ACK/NAKs instead of a CQI when a CQI transmission is due.  The alternative would then be to transmit a bundled ACK/NAK together with CQI when the UE is configured not to drop CQI.   Since ACK/NAK bundling may require some form of DL signaling, and multiple ACK/NAK feedback may require a higher SNR target and hence more careful management of the PUCCH feedback resources, our preference is to use any DL signaling bits for indicating PUCCH feedback resource.  
Proposal: When multiple ACK/NAKs are transmitted, CQI is dropped.
3.3. Modulation

Two basic alternatives include modulated CAZAC sequences, as is used for the current PUCCH formats, and DFT-S-OFDM.  Since we have proposed to avoid transmission of both CQI and multiple ACK/NAKs, the payloads are small, and the performance of modulated CAZAC sequences and DFT-S-OFDM are then expected to be similar. At the same time, as the payload increase, DFT-S-OFDM will gradually outperform modulated CAZAC sequences.  Hence, we prefer modulated CAZAC as transmission scheme and note that this also enables re-use of existing designs.

Proposal:  Multiple ACK/NAK transmission is done using PUCCH format 2.
3.4. Transmission of ACK/NAK and SR

For the case that the UE needs to transmit a scheduling request in the same UL subframe we see two basic different solutions based on the current PUCCH formats
1. PUCCH format 1 is used.  The same method as multiplexing ACK/NAK and SR in FDD can be applied here. In TDD mode, a bundled ACK/NAK is transmitted on the SR resource.
2. PUCCH format 2 is used. The same method as multiplexing CQI and ACK/NAK in FDD can be applied here. In TDD mode, the multiple ACK/NAK bits are treated similar to CQI bits in FDD mode. Moreover, the SR signal is represented by NAK and is modulated with the second reference signal in the slot. For extended CP, joint coding of multiple ACK/NAK bits and SR can be used similar to the FDD mode when CQI and ACK/NAK are to be multiplexed.
In addition to the reasons given above, considering that coverage for multiple ACK/NAK transmission is lower as compared to single ACK/NAK transmission and that the purpose of supporting multiple ACK/NAK transmission is to provide feedback of multiple ACK/NAKs,   we have a slight preference for the second choice.
Proposal: To transmit multiple ACK/NAKs and a SR, we propose to re-use the PUCCH format 2a for ACK/NAK+CQI transmission of FDD.
3.5. Encoding of multiple ACK/NAK

A short-coming of ACK/NAK bundling, is the possibility to handle missed DL assignments in an efficient way. We therefore propose that the UE will inform the eNodeB explicitly if it received a DL assignment or not for the subframes.  Hence, in addition to ACK and NAK, DTX may thus be reported.  In addition, we also propose to employ spatial bundling and note that there are no problems with missed DL assignments within a subframe. Furthermore, we note that the rank may change from subframe to subframe and spatial bundling avoids provisioning for this and simplifies the design. 
From Table 1, we see that transmission of multiple ACK/NACK is needed for bundle size of 2, 3, and 4 for all TDD UL/DL configurations except configuration 5. In the Appendix, the detailed coding schemes with bundle size two, three and four associated DL subframes are given. For the case with a four associated subframes, we further propose to reduce the payload by excluding some assignments with three non-consecutive DL assignments. 
Proposal: DTX is encoded and for the MIMO case, spatial bundling is performed 
Proposal: For the case with two associated subframes, a (20,3) code is used.

Proposal: For the case with three associated subframes, a (20,5) code is used.

Proposal: For the case with four associated subframes a (20,6) code  is used.  Three non-consecutive ACK/NAKs can not be reported. 
Figure 1 shows the PUCCH performance evaluations of multiple ACK/NAK in both low and high speeds for a single UE. Extended Typical Urban (ETU) channel model with Maximum Likelihood (ML) channel estimation at receiver are used through the simulations.
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Figure 1 PUCCH performance in terms of ACK/NAK BER  (single UE, ETU channel model, low speed (3km/h) and high speed (350km/h)
As can be seen from the results in Figure 1, the required SNR is relatively high indicating that the capacity and coverage in an interference limited system scenario may be limited.  Hence, some care is needed when assigning PUCCH resources for multiple ACK/NAK feedback, and one possibility is to provide some form of explicit signaling of the feedback resource to be used together with the DL assignment. 
4. Conclusion
In the present contribution, a detailed proposal for multiple ACK/NAK transmission is outlined. It is characterized by the following

· For PUCCH

· PUCCH format 2 is re-used for multiple ACK/NAK transmission

· Simultaneous transmission of multiple ACK/NAKs and CQI is not possible

· PUCCH format 2a is used for multiple ACK/NAK transmission and scheduling request (SR)

· DTX is encoded and spatial bundling is performed
· For two associated DL subframes, the (20,3) code in the Appendix is used

· For three associated DL subframes , the (20,5) code in the Appendix is used

· For four associated DL subframe, the (20,6) code in the Appendix is used. 

· A constraint is imposed so that three non-consecutive DL subframes can not be assigned

· For nine associated DL subframes, some form of bundling of subframes is used and one of the previously mentioned codes are re-used

· The details are for further studies

· For PUSCH

· For simplicity, the same scheme is used on both PUCCH and PUSCH

We propose to consider this scheme for comparison with ACK/NAK bundling, and if it is agreed that there is a need for multiple ACK/NAK feedback, that the proposed scheme is adopted. 
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Appendix
The HARQ processes for which the multiple ACK/NAK response is intended are indexed i = 0, 1, 2, … N−1 and N > 1. In case of a MIMO process, the multiple ACK/NAK bits are bundled into one ACK/NAK response. For each HARQ process, the indication Si can hence take three values: ACK, NAK, or DTX. The binary representation of the multiple ACK/NAK response (S0, S1,…,SN−1) is given in Table 2, Table 3, and Table 4, which are constructed by assigning ACK=0, NAK=1 and DTX=2 and computing 
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Si.  Note that (DTX,…,DTX) response is not needed.

In the N=2 case, the total number of indicator values is 8. The multiple ACK/NAK response can be carried by PUCCH format 2 with a (20,3) UCI code. (Note that using columns [1,6,12] instead of [0,1,2] of the (20,A) UCI code increases the minimum distance by 2 and improves the AWGN performance by 0.8 dB).
In the N=3 case, the total number of indicator values is 26. The multiple ACK/NAK response can be carried by PUCCH format 2 with a (20,5) UCI code.
In the N=4 case, the total number of indicator values is reduced to 64 by excluding support of a particular type of DL scheduling where three noncontiguous DL sub-frames are scheduled (i.e., 11X1 or 1X11 scheduling). When the multiple ACK/NAK response matches one of the entries in Table 3, the response can be carried by PUCCH format 2 with a (20,6) UCI code. When no match is found in Table 3, the UE shall not send any ACK/NAK response.
	Indicator
	Binary

	AA
	000

	NA
	001

	XA
	010

	AN
	011

	NN
	100

	XN
	101

	AX
	110

	NX
	111


Table 2 ACK/NAK response representation for N=2 case

	Indicator
	Binary
	Indicator
	Binary
	Indicator
	Binary
	Indicator
	Binary

	AAA
	00000
	XXA
	01000
	NXN
	10000
	AXX
	11000

	NAA
	00001
	AAN
	01001
	XXN
	10001
	NXX
	11001

	XAA
	00010
	NAN
	01010
	AAX
	10010
	
	

	ANA
	00011
	XAN
	01011
	NAX
	10011
	
	

	NNA
	00100
	ANN
	01100
	XAX
	10100
	
	

	XNA
	00101
	NNN
	01101
	ANX
	10101
	
	

	AXA
	00110
	XNN
	01110
	NNX
	10110
	
	

	NXA
	00111
	AXN
	01111
	XNX
	10111
	
	


Table 3  ACK/NAK response representation for N=3 case
	Indicator
	Binary
	Indicator
	Binary
	Indicator
	Binary
	Indicator
	Binary

	AAAA
	000000
	AXXA
	010000
	XXNN
	100000
	NANX
	110000

	NAAA
	000001
	NXXA
	010001
	XAXN
	100001
	XANX
	110001

	XAAA
	000010
	XXXA
	010010
	XNXN
	100010
	ANNX
	110010

	ANAA
	000011
	AAAN
	010011
	AXXN
	100011
	NNNX
	110011

	NNAA
	000100
	NAAN
	010100
	NXXN
	100100
	XNNX
	110100

	XNAA
	000101
	XAAN
	010101
	XXXN
	100101
	AXNX
	110101

	XXAA
	000110
	ANAN
	010110
	AAAX
	100110
	NXNX
	110110

	AANA
	000111
	NNAN
	010111
	NAAX
	100111
	XXNX
	110111

	NANA
	001000
	XNAN
	011000
	XAAX
	101000
	AAXX
	111000

	XANA
	001001
	XXAN
	011001
	ANAX
	101001
	NAXX
	111001

	ANNA
	001010
	AANN
	011010
	NNAX
	101010
	XAXX
	111010

	NNNA
	001011
	NANN
	011011
	XNAX
	101011
	ANXX
	111011

	XNNA
	001100
	XANN
	011100
	AXAX
	101100
	NNXX
	111100

	XXNA
	001101
	ANNN
	011101
	NXAX
	101101
	XNXX
	111101

	XAXA
	001110
	NNNN
	011110
	XXAX
	101110
	AXXX
	111110

	XNXA
	001111
	XNNN
	011111
	AANX
	101111
	NXXX
	111111


Table 4 ACK/NAK response representation for N=4 case
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