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1 Introduction

In RAN1#60 meeting, there is a conclusion that a single UE specific UL CC is semi statically configured for carrying PUCCH A/N,SR, and periodic CSI from a UE. At last meeting, agreement  of methods for A/N multiplexing is that 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.
In LTE rel-8 concurrent transmission of scheduling request (SR) and ACK/NACK is supported by PUCCH format 1a/1b, and maximum 2 ACK/NACK bits are QPSK modulated by using the resource allocation of SR, we think concurrent transmission of SR and A/N should also be considered in rel-10, in this contribution, different SR and ACK/NACK multiplexing methods in small and large payload size are discussed and simulation results are also provided.
2 ACK/NACK and SR multiplexing for PUCCH format1b with channel selection
PUCCH format1b with channel selection supports up to 4bit ACK/NACK, If rel-8’s SR and ACK/NACK multiplexing is reused, the CC bundling maybe needed to reduce the number of ACK/NACK bits to 2 bit. However since the correlation between different CCs is low, CC bundling may bring some ACK/NACK information reduction. So how to reduce ACK/NACK to 2 bits is an important problem to be handled.
Another method is by using multi sequence transmission, which means that UE could use assigned ACK/NACK resources as well as SR resources. But the single carrier property is destroyed by non contiguous PUCCH locations.
3 ACK/NACK and SR multiplexing for new format of DFT-s-OFDM

For more than 4 bit ACK/NACK transmission, new format of DFT-s-OFDM is used, there are mainly two alternatives to multiplex ACK/NACK and SR as mentioned in the reference below, the first alternative is that SR bit is joint coded with ACK/NACK bits as shown in figure1. From theoretical perspective, the coding rate of ACK/NACK is impacted by possible SR transmission.
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Figure 1 joint coding of ACK/NACK and SR
Similar as PUCCH format 2a/2b when CQI and ACK/NACK could be multiplexed by using reference signal of format 2a/2b to carry ACK/NACK, Another alternative is by using reference signal as shown in figure 2. However the channel estimation performance would be affected by 1 bit SR, and further the ACK/NACK BER performance. But channel estimation and decoding of the multiple ACK/NACK bits can be handled the same way as in absence of SRI information after the SRI bit has been decoded [1].
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Figure 2 simultaneous ACK/NACK and SR transmission by using reference signal
4 Simulation results
This section we give the simulation results of ACK/NACK and SR performance of two options, when payload size is larger than 4. From figure 3 and figure 4, we can see that by using reference signal to carry 1 bit SR has better BER performance than joint coding ACK/NACK and SR irrespective of different UE velocity.

Table 1: Link level simulation Assumption

	Parameters 
	Assumption 

	Carrier frequency
	2.0GHz

	System bandwidth
	5MHz

	PUCCH formats
	2

	Slot format
	Normal CP (7 symbols per slot)

	Channel model
	Typical Urban (6 paths)

	UE Velocity 
	3km/h, 30km/h

	Antenna configuration
	1x2 for SIMO

	Frequency hopping at slot boundary
	Disabled

	Detection method
	ML

	Number of ACK/NACK bits
	10

	Number of SR bits
	1

	Encoder
	 (32, A) Reed-Muller code
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Comparison of ACK/NACK performance of two options
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5 Conclusion
Concurrent SR and ACK/NACK transmission schemes in PUCCH are discussed in this contribution, from analysis and simulation results, we propose that:
· Concurrent transmission SR and ACK/NACK should also be supported in rel-10
· For small payload size: reusing rel-8’s scheme to support concurrent transmission of SR and ACK/NACK is slightly preferred.

· For large payload size: using reference signal for carrying SRI.
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