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1 Introduction

It was agreed at RAN1#47bis in Sorrento to have a “non-contention based scheduling request mechanism for synchronized users” and this is in line with the assumptions by RAN2. 

The scheduling request consists of only one bit, which indicates that the UE wants to start sending information such as the buffer status report and possibly other types of measurement reports.
From the above, a single scheduling request bit needs to be transmitted in a contention free way on PUCCH. Transmission through PUCCH could take place jointly with other control signaling information, such as ACK/NAK and/or CQI. 
This contribution discusses the possibilities for multiplexing the Scheduling Request (SR).

2 Transmitting SR on PUCCH without other control information
The agreed structure defined for ACK/NAK transmission can be reused for SR transmission when there is no other control information to be transmitted simultaneously. It may be noted that dedicated resources corresponding to some subframes and ZC sequences as well as the orthogonal covers have to be defined for SR transmission per UE.
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Figure 1: ACK/NAK or SR transmission with one PUCCH resource

With the structure agreed at RAN1#48bis for ACK/NAK multiplexing, there are altogether 18 PUCCH resources per 12 subcarriers. Transmission of ACK/NAK or SR requires 1 PUCCH resource and a maximum of 18 UEs could be multiplexed within 12 subcarriers for transmission of ACK/NAK or SR. 

3 Multiplexing SR with ACK/NAK on PUCCH
The ACK/NAK payload per UE has been agreed as follows:
· Dynamic scheduling (we can have ACK/NAK/DTX as a response)

· BPSK (1 bit for ACK/NAK)

· QPSK (2 bit for ACK/NAK)

· DTX is used when the UE misses the control channel transmission

· Non-dynamic scheduling (we can have ACK/NAK as a response,
except for the first message where the response can be ACK/NAK/DTX)

· FFS whether to use “on-off-keying“ (OOK)
Code-multiplexing of multiple PUCCH resources for one UE would increase the PAPR and CM and should be avoided. Hence, there are the following possibilities for handling the case when SR is to be transmitted jointly with ACK/NAK on PUCCH:

a) When ACK/NAK consists of 1 bit only, we can use the second bit of a QPSK modulation symbol to transmit SR and ACK/NAK jointly with the structure agreed for ACK/NAK. In this case, the ZC sequence and orthogonal cover reserved for SR transmission is not used, and the ZC sequence and orthogonal cover reserved for ACK/NAK is used instead for both, ACK/NAK and SR.
b) As outlined above, ACK/NAK transmission could employ 2 bits in the case of SU-MIMO in the downlink. 
I. If continuous dynamically scheduled SU-MIMO transmission with 2 streams is not expected, the current SR transmission could be discarded and postponed to a later transmission opportunity where at most 1 bit ACK/NAK is transmitted. The disadvantage of this method is that continuous SU-MIMO transmission with 2 data streams is not possible and the UL SR transmission is possibly delayed by a large amount of time, which could cause the available data buffer in the UE to be exceeded.

II. If a user is configured for 2 bits ACK/NAK, 2 PUCCH resources without code-multiplexing could be configured for a particular UE as shown below:
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Figure 2: Joint 2 bits ACK/NAK and 1 bit SR transmission with 2 PUCCH resources

When a UE is configured to allow up to 2 bits for ACK/NAK transmission, 2 PUCCH resources need to be allocated for ACK/NAK transmission such that the SR can be transmitted simultaneously. 
It may be noted that the possibility for SR on-off keying is preserved when SR and ACK/NAK use different quadrature components.

Table 1: Combinations of 2 bits ACK/NAK with 1 bit SR

	Combination
	1st QPSK symbol
	2nd QPSK symbol

	No SR, no ACK/NAK
	(DTX,DTX)
	(DTX,DTX)

	No SR, ACK/NAK
	(DTX,1) or (DTX,0)
	(DTX,1) or (DTX,0)

	SR, no ACK/NAK
	(1,DTX)
	(1,DTX)


4 Multiplexing SR with CQI or (CQI and ACK/NAK) on PUCCH
It was decided at RAN1#49bis that CQI and SR are transmitted independently. In fact, a linkage between CQI reporting rate and SR delay may not be desired. Since the optional simultaneous transmission of SR and CQI would introduce yet another transmission mode, it is preferrable to exclude the possibility of allocating simultaneous SR and CQI resources on PUCCH.

5 Handling of SR in the case of PUSCH transmission
In case the UE already has an ongoing uplink data transmission from one radio bearer and data arrives from another radio bearer, a SR is not necessary, and the normal buffer status report will be enough to communicate to the eNodeB the need for a bigger scheduling grant. However, if the existing radio bearer is a persistently scheduled radio bearer, its handling should be kept separate and a SR is needed for the new radio bearer.
To avoid changing the PUSCH transmission in the case of a concurrent SR by multiplexing PUSCH data with the SR, it is suggested to discard and postpone the SR in this case. It may be worthwhile to note that persistent resource allocations and SR resource allocations should not be time-aligned, so that SR is not permanently discarded.
4 Summary
The following diagram summarizes the suggestions for SR transmission.
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