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1. Introduction

An open issue for Rel-10 PUCCH transmission is how to multiplex SR and A/N data when A/N transmission collides with a positive SR instance. In Rel-8/9 FDD systems the A/N feedback is transmitted on the implicitly signaled Format 1a/1b resource for a negative SR transmission, and on the semi-statically configured SR resource for a positive SR transmission. This contribution evaluates the performance of two SR+A/N multiplexing options for PUCCH format 3. We also provide our views on SR+A/N multiplexing when a UE is configured for channel selection using Format 1b.
2. Multiplexing on PUCCH Format 3
When a UE is configured for Format 3 transmission there are two possible options to multiplex SR + A/N on PUCCH Format 3.
1) Option 1: jointly encode SR and A/N bits. It was agreed at RAN1 #62 that explicit DTX signaling is not supported, at least for FDD Rel-10 A/N feedback Therefore, 10 A/N + 1 SR bits can be jointly encoded using the (32, 11) RM code [1]. 
2) Option 2: modulate the second RS in each slot of a normal CP with the SR similarly to CQI+A/N multiplexing in Format 2a/2b [2]. As such this method requires minimal specification effort. The one limitation is that it cannot be used for extended CP.
The A/N and SR BER performance of both options is studied for normal CP based on the simulation assumptions in [3]. The detailed BER performance results are shown in the Appendix. Based on the results shown in the Appendix the required SINR to meet the performance requirements of
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is given in Table 1. For all cases the required SINR is obtained from the 0.1% NAK->ACK requirement as shown in Figures 1-3 of the Appendix.
Table 1 Required SINR for 10 A/N bits

	Scheme
	EPA 3kmph
	ETU 3kmph
	ETU 120kmph

	A/N only
	-5.55
	-2.95
	-2.92

	Option1: A/N + SR joint coding
	-4.95
	-2.1
	-2.32

	Option 2: SR modulated on RS
	-5.55
	-2.95
	-2.86


It can be seen that modulating the RS with the SR indicator shows some performance gain compared to joint coding of A/N and SR, where up to 0.85 dB gain is observed for ETU 3kmph channel. 
It may be more instructive to evaluate the SR BER performance. Table 2 shows the required SINR to achieve a SR miss detection rate of 0.1%. It can be seen in Table 2 that for the HARQ-ACK performance of Table 1 there is a loss of 2.78 dB for joint coding (Option 1) in comparison to Option 2. 
Table 2 Required SINR to achieve SR missed detection of 0.1%

	Scheme
	EPA 3kmph
	ETU 3kmph
	ETU 120kmph

	Option1: A/N + SR joint coding
	-5.57
	-3.35
	-3.43

	Option 2: SR modulated on RS
	-7.65
	-6.13
	-5.55


Based on these results it seems preferable to adopt Option 2 for multiplexing SR and A/N for normal CP. Since RS modulation is not applicable for extended CP joint coding should be used for extended CP similarly to the CQI-A/N multiplexing procedure in Rel-8.
3. Multiplexing for channel selection

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/N bits are compressed and transmitted on the SR resource according to Table 7.3-1 of TS 36.213. 

4. Conclusion

Several outstanding details for DFT-S-OFDM 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 for normal CP.
· Jointly encoding A/N and SR for extended CP.

· If multi-A/N transmission using format 1b collides with SR transmission the 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. 
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Appendix: Performance Results
In this section we show simulation results for the two A/N + SR multiplexing schemes when Format 3 transmission is configured for A/N feedback. The simulation assumptions are listed in Table 2. The DTX test uses Definition 1 of [3], which is reproduced below:
Table 3 Simulation Assumptions

	Parameters
	Value

	Carrier frequency
	2 GHz

	Bandwidth
	5 MHz (ETU), 10MHz (EPA)

	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

	False alarm detection
	Definition 1 of [3]

	Receiver
	Joint data + RS detector

Compute metric for 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. A/N only: 10 A/N bits

2. SR on RS: 10 A/N bits with SR modulated on second RS symbol of a slot 

3. Joint coding of 10 A/N bits + SR

For each pair of figures the HARQ-ACK performance curves comprising of A->N/D (solid), N->A (dash) and D->A (dashed-dot) is shown in the left figure. The SR BER performance is shown in the right figure where the solid line shows missed detection of SR transmission while the dashed curve shows false detection of SR transmission. 
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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)

[image: image9.emf]-14 -12 -10 -8 -6 -4 -2 0

10

-3

10

-2

10

-1

10

0

SNR per Rx ant, dB

BER

 

 

A/N only

SR on RS

Joint coding A/N+SR

 [image: image10.emf]-14 -12 -10 -8 -6 -4 -2 0

10

-4

10

-3

10

-2

10

-1

10

0

SNR per Rx ant, dB

BER

 

 

SR on RS

Joint coding A/N+SR


Figure 3 A/N + SR performance for ETU 120kmph (HARQ-ACK in left figure and SR in right figure)
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