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1. Introduction

This contribution discusses the various SR multiplexing options available for the PUCCH.  It is recommended that CQI be dropped whenever SR is transmitted, but ACK/NACK should be multiplexed in with SR.
2. Scheduling Request
When a UE is scheduled for uplink transmission, it can transmit a Scheduling Request (SR) as part of the PUSCH transmission.  However, without a scheduled uplink transmission, UE must transmit a 2-state SR using the PUCCH to indicate whether it wants to be scheduled or not.  Since this mechanism is contention-free, an UE is periodically assigned time and frequency resource on the PUCCH to transmit this request.  Naturally, this resource is only assigned as frequently as deemed necessary in order to minimize uplink overhead. As a result, the SR should have high detection probability (e.g. 1e-3 error rate) to minimize latency.
The current PUCCH design allows for CQI, ACK/NACK, and SR to share time and frequency resource using different orthogonal covers and frequency shifts.  In addition, it is also possible to multiplex CQI and ACK/NACK within the same sub-frame.  Among the three types of uplink control fields, ACK/NACK is the most critical, followed by SR and then CQI.  As a result, the following multiplexing options is proposed regarding SR -
· CQI + SR: CQI is dropped and only SR is transmitted.  This situation is expected to be rare since, in most situations, eNB can schedule CQI and SR transmission in separate sub-frames.  If CQI reporting is configured every frame, then it can occasionally be dropped when SR needs to be sent.
· ACK/NACK + SR: In this case, the simplest solution would be to drop the SR and transmit only ACK/NACK.  However, for certain applications with continuously DL transmission, SR transmission may be significantly delayed.  To overcome this, the eNB scheduler may create gaps in the DL transmission so that SR can be transmitted, but this increases complexity.  As a result, it may be necessary to multiplex ACK/NACK + SR.
· CQI + ACK/NACK + SR: In this case, CQI is dropped and ACK/NACK is multiplexed with SR.
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


3. 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.
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. Conclusions
It is recommended that CQI be dropped whenever SR is transmitted, but ACK/NACK should be multiplexed in with SR.   Several multiplexing methods are available with options 1 and 2 both providing an attractive solution.
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