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1. Introduction

It was agreed at RAN1 #61bis meeting to support two HARQ-ACK formats for Rel-10 DL CA. Specifically, the following agreement was reached:

· For Rel-10 UEs that support up to 4 A/N bits: PUCCH Format 1b with channel selection
· For Rel-10 UEs that support more than 4 A/N bits: DFT-S-OFDM
While it can be expected that A/N multiplexing shall reuse, as much as possible, the Rel-8/9 TDD features, several details need to be resolved for DFT-S-OFDM. Some of these details, which are addressed in this contribution include

· Multiplexing of SR and SRS with HARQ-ACK feedback

· Update rate for the HARQ-ACK codebook

2. Discussion

Simulation results comparing different HARQ-ACK multiplexing schemes were presented by many companies at RAN1 #61bis with the agreed simulation assumptions in [1]. The Rel-8/9 Format 2 data-RS mapping scheme and the RM encoding scheme were reused for DFT-S-OFDM for the simulation exercise. In addition an orthogonal cover code (OCC) of length 5 was used in order to multiplex up to 5 users in 1 PRB. It is proposed that RAN1gree to maintain these simulation assumptions for DFT-S-OFDM format in Rel-10. Furthermore, the same scrambling code generator for Format 2 can be reused for DFT-S-OFDM.

2.1. Multiplexing SR with HARQ-ACK feedback
An open issue is how to multiplex SR and A/N when A/N transmission collides with SR transmission. In Rel-8/9 FDD systems the A/N feedback is transmitted on the implicitly signaled A/N resource for a negative SR transmission, and on the semi-statically configured SR resource for a positive SR transmission. 

For a UE that supports more than 4 A/N bits there are two possible options to multiplex SR + A/N, namely:

· Option 1: jointly encode SRI and up to 10-bit A/N using the (32, 11) RM code [2].
· Option 2: modulate the second RS in each slot with the SRI similarly to CQI+A/N multiplexing in Format 2a/2b [3].

Option 1 is feasible if explicit DTX signaling is not supported for Rel-10 A/N feedback. As such the maximum payload of 11 bits can be supported by the (32, 11) RM code. Option 2 reuses the same concept in Format 2a/2b and thus it requires minimal specification effort. The A/N and SR BER performance of the both options is compared in the Appendix. Based on the results shown in the Appendix the SINR to meet the performance requirements of
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is shown in Table for different channel models. 
Table 1 Required SINR using DTX Definition 1 for 10 A/N bits
	Scheme
	EPA 3kmph
	ETU 3kmph
	ETU 120kmph

	A/N only
	-5.6
	-2.75
	-3.0

	Option1: A/N + SR joint coding
	-5.6
	-2.14
	-2.21

	Option 2: A/N + SR embedded in RS
	-5.0
	-3.0
	-3.1


It can be seen that modulating the RS with the SR indicator shows some performance improvement compared to joint coding of A/N and SR. As such we have a slight preference for Option 2.
For Rel-10 UEs that are configured for A/N multiplexing up to 4 A/N PUCCH resources are reserved for A/N transmission. From a PUCCH utilization perspective reserving up to 4 PUCCH resources for the SR may be infeasible. It is preferable to reuse the Rel-8/9 A/N compression scheme for SR+A/N multiplexing wherein for a positive SR the A/ bits are compressed and transmitted on the SR resource according to Table 7.3-1 of TS 36.213. 

2.2. Multiplexing SRS with HARQ-ACK feedback

For multiplexing SRS + A/N a similar procedure as in Rel-8/9 can be followed. Thus, if simultaneous SRS and A/N is configured in the cell, the UE shall use a shortened PUCCH format, where in the case of DFT-S-OFDM only 4 symbols are transmitted in an odd slot i.e. the fifth PUCCH symbol is truncated. Hence, an OCC of length 4 is applied to the second slot for the shortened PUCCH format. A DFT code of length 4 can be used [2] or alternatively the Hadamard sequences of length 4 can be used similarly to Formats 1/1a/1b. 
2.3. Codebook Update Rate 

When a Rel-10 UE is configured for DL CA, the configured SCC(s) remain inactive until explicit activation. Rel-10 shall support fast activation/deactivation of CCs by L2 signaling. The A/N codebook size may be based on the configured or activated CCs. If the codebook size is updated based on the number of activated CCs this would ensure that only the required transmit power to meet the A/N performance requirement is used. On the other hand if the codebook is updated based on the CC configuration the UE may transmit more power than is necessary for the current number of activated CCs. However, error cases may be introduced due to, possibly frequent, changes in CC activation state. It was also shown in [4] that the performance degradation due to a slow update rate of the codebook based on semi-static configuration may be minimized by a smart eNB implementation. To simplify specification and testing efforts it is preferable that the codebook size is based on the number of configured CCs.
3. Conclusion

Several outstanding details for DFT-S_FODM were considered in this contribution. It is recommended that
· If multi-A/N transmission using DFT-S-OFDM collides with SR transmission the SR indicator is transmitted by modulating the second RS symbol of each slot.
· If multi-A/N transmission using format 1b collides with SR transmission A/N bits are transmitted on the explicitly (or implicitly) assigned A/N resources for a negative SR transmission. For a positive SR transmission the A/N bits are compressed and transmitted on the SR resource, similarly to Rel-8/9 TDD.

· If configured, simultaneous SRS + A/N follows the same procedure as in Rel-8/9, where the last PUCCH symbol of the second slot is truncated.

· The A/N codebook size for DFT-S-OFDM depends on the number of semi-statically configured CCs. 
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Appendix: A/N + SR Performance
In this section we show simulation results for the two A/N + SR multiplexing schemes when DFT-S-OFDM is used. The simulation assumptions are listed in Table 2. The DTX test uses Definition 1 of [1], which is reproduced below:
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Table 2 Simulation Assumptions

	Parameters
	Value

	Carrier frequency
	2 GHz

	Bandwidth
	5 MHz

	Channel model/speed
	EPA 3kmph, ETU 3kmph, ETU 120kmph

	Frequency hopping
	At slot boundary

	Antenna configuration
	1Tx, 2Rx

	Rx antenna correlation
	Uncorrelated
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	CP type
	Normal

	Number of UEs
	1

	Payload
	10 A/N bits, 1 SR bit

	Noise estimation
	Ideal

	Channel estimation
	Practical

	False alarm detection
	Definition 1 of [1]

	Receiver
	Joint data + RS detector

Compute metric from each hypotheses and compare maximum metric with the DTX threshold


Figures 1 – 3 show the PUCCH performance for EPA 3kmph, ETU 3kmph and ETU 120kmph respectively. Three schemes are compared, namely
1. 10 A/N bits

2. Jointly coded 10 A/N bits + 1 SR bit 

3. 10 A/N bits + SR embedded in the second RS symbol of each slot

For each figure the HARQ-ACK performance curves comprising of A->N/D (solid), N->A (dash-dot) and D->A (dashed) is shown on the left, while the SR BER performance is shown on the right. The SR BER shows a loss of 0.7 (0.35) dB for ETU (EPA) at 10-2 for joint coding compared to SR modulated on the RS. 
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Figure 1 A/N + SR performance for EPA 3kmph (HARQ-ACK in left figure and SR in right figure)
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Figure 2 A/N + SR performance for ETU 3kmph (HARQ-ACK in left figure and SR in right figure)
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Figure 3 A/N + SR performance for ETU 120kmph (HARQ-ACK in left figure and SR in right figure)
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