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1. Introduction

In RAN1#51-Bis, the following points were agreed –
· Multiplexing of SR with CQI and/or ACK/NAK on PUCCH
· CQI

· Drop CQI when SR is transmitted
· ACK/NAK

· Support multiplexing of SR and ACK/NAK (FFS how)
Table 1 describes the different options when SR is to be transmitted simultaneously with CQI or ACK/NACK.
Table 1. PUCCH multiplexing options.

	Uplink Control Multiplexing
	PUCCH Transmission 

	CQI + SR
	CQI dropped, only SR transmitted

	ACK/NACK + SR
	ACK/NACK + SR

	CQI + ACK/NACK + SR
	CQI dropped, ACK/NACK + SR


This contribution discusses the various SR multiplexing options available for the PUCCH.  Note that this contribution is revised from [4].
2. ACK/NACK + SR Transmission
Several options for multiplexing ACK/NACK and SR are available, including -
1. ACK/NACK structure with higher-order modulation: The current ACK/NACK structure can carry 1 or 2 bits of information using BPSK or QPSK modulation.  With SR multiplexing, an additional bit of information is required.  This can be easily accommodated by using QPSK and 8-PSK modulation whenever ACK/NACK and SR are to be multiplexed.   However, this will increase the power requirement by approximately 3 and 5 dB, respectively.  
2. Selection between ACK/NACK and SR resource [1]: When ACK/NACK and SR are to be multiplexed, resource selection is used to carry SR information.  With SR=0, UE will transmit the ACK/NACK information using the ACK/NACK resource.  With SR=1, UE will transmit ACK/NACK information using the SR resource.  Because SR and ACK/NACK share the same structure, this is not expected to be an issue.  However, this will reduce the multiplexing capacity from 36 to 18 per resource block since not all cyclic shifts can be assigned.
3. Codeword mapping to specific ACK/NACK channel [2]: In this case, the ACK/NACK and SR bits are mapped to different codewords and to specific ACK/NACK channel. The proposal takes advantage of the multiple ACK/NACK channels that are implicitly reserved for a UE based on the number of CCEs used to construct the PDCCH.   Note that when only 1 ACK/NACK channel is available, this is analogous to using higher-order modulation.
4. Define additional ACK/NACK + SR resource using ACK/NACK structure [3]: In this method, different spreading code and/or cyclic shift are used between ACK/NACK and ACK/NACK + SR transmission.  Unlike in [1], additional resource must be reserve to transmit ACK/NACK + SR in addition to ACK/NACK and SR resource.  As a result, with this proposal, however, the multiplexing capacity of the ACK/NACK is reduced from 18 to 12 per resource block.
Based on the proposals available, both options 2 and 4 seem to provide simple and attractive solutions with minimal change to the current PUCCH structure.
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