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Introduction
In this tdoc, we discuss the details of SR procedures including sr-ProhibitTimer, SR_COUNTER, and SR triggering/cancellation, etc.
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Discussion
In LTE, the sr-ProhibitTimer is used to avoid unnecessary SR transmission, especially when a UE is configured with a short SR periodicity. When a SR is transmitted, the sr-ProhibitTimer is started. While the sr-ProhibitTimer is running, SR transmission is prohibited.
If the same SR procedure is applied in NR, when a non-URLLC logical channel triggers a SR, a UE will transmit a SR for the logical channel. The UE will also start the sr-ProhibitTimer. While the sr-ProhibitTimer is running, if a URLLC logical channel triggers a SR, the UE is not allowed to transmit a SR for the URLLC logical channel. However, URLLC has a low latency requirement. The SR transmission should not be prohibited in this case. 
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Fig.1: A URLLC logical channel triggers a SR but SR transmission is prohibited. 
To avoid such a situation, we study the following options:
· Option 1: The sr-ProhibitTimer is not applicable to URLLC logical channels.

· Option 2: Support multiple sr-ProhibitTimers. 
· Option 3: Support multiple SR procedures.  
For option 1, if a URLLC logical channel triggers a SR, the UE is allowed to transmit SR when sr-ProhibitTimer is running. The drawback is that a UE may unnecessarily transmit SR and waste battery energy.  
For option 2, URLLC logical channels and non-URLLC logical channels can use different sr-ProhibitTimers. SR transmission triggered by URLLC logical channels can be prohibited only if the sr-ProhibitTimer associated with the URLLC logical channels is running. 

For option 3, multiple SR procedures are supported. For example, a SR procedure is used for URLLC logical channels and another SR procedure is used for non-URLLC logical channels. Option 3 may raise issues such as coordination of SR procedures to transmit a SR, to release radio resources, and to notify RRC of SR transmission failure. From the above observation, we propose that URLLC and non-URLLC use different sr-ProhibitTimers.
Proposal 1: NR supports single SR procedure with multiple sr-ProhibitTimers. 
In LTE, SR_COUNTER is used to detect a SR transmission problem. When the SR transmission problem occurs, MAC releases configured uplink grant or downlink assignment. The MAC also notifies RRC of the SR problem and RRC, in turn, releases PUCCH/SRS resources for all serving cells. 
In NR, SR_COUNTER should also be supported to detect the SR transmission problem. Although NR supports eMBB, URRLC, mMTC, and more than one numerology/TTI, we have not found a reason to have multiple SR_COUNTERs. So we propose to support only one SR_COUNTER in NR.

Proposal 2: As LTE, there is only one SR_COUNTER.
In LTE, the COUNTER is increased by one when a SR is transmitted. When SR_COUNTER exceeds a threshold, the MAC entity informs RRC to releases radio resources. The MAC also cancels all pending SRs and initiates a random access procedure on SpCell. In NR, we think the same procedure should be reused.  
Proposal 3: As LTE, SR_COUNTER is increased by one when a SR is transmitted.  

Proposal 4: As LTE, if SR_COUNTER exceeds a threshold, MAC entity should notify RRC to release radio resources, cancel all pending SRs, and initiate a random access procedure on SpCell.
In LTE, when a MAC PDU is assembled and this PDU includes a BSR containing buffer status up to and including the last event that triggers a BSR, all pending SRs are cancelled. The reason to include buffer status up to and including the last event is to prevent SRs that is triggered between PDCCP reception and PUSCH transmission from being cancelled. In NR, the same issue exists. Moreover, NR supports URLLC services. If URLLC logical channels trigger SRs but the SRs are cancelled accidentally, URLLC logical channels would suffer long delay. Therefore, we propose to reuse LTE SR cancellation conditions in NR.  

Proposal 5: As LTE, all SRs should be cancelled if a MAC PDU is assembled and the MAC PDU includes a BSR that contains buffer status up and including the last event that triggered a BSR. 
In LTE, when a regular BSR is triggered a SR is triggered if the following conditions are fulfilled:

1) MAC has no UL resources allocated for new transmission

2) logicalChannelSR-ProhibitTimer is not running

3) No uplink grant is configured or the logical channel that triggers the BSR does not have logicalChannelSR-Mask setup
The first condition is the reason to transmit a SR so it should be same in NR. For the second and fourth conditions because in the last RAN2 meeting it was agreed to support logicalChannelSR-Mask and logicalChannelSR-ProhibitTimer, the second and third conditions should also be reused in NR. 

Agreements

1. The number of LCGs will be increased up to 8.  

2. The concept of periodicBSR-timer and retx-BSRtimers are reused and are configured per MAC entity 

3. As a baseline, the concept of logicalChannelSR-ProhibitTimer is reused in NR. It is allowed to configured infinite value for this timer.

4. The logicalChannelSR-Mask is supported 

Proposal 6: As LTE, a SR is triggered if a regular BSR is triggered and MAC has no UL resources allocated for new transmission in this TTI and logicalChannelSR-ProhibitTimer is not running and either no uplink grant is configured or the logical channel that triggers the BSR does not have logicalChannelSR-Mask setup.  
In LTE, as long as there is a pending SR, if no-SCH resources are available for transmission in the current TTI and no PUCCH resource for SR is configured in any TTI, the UE will initiate a random access procedure. We think this should be reused in NR. 
Proposal 7: As LTE, as long as one SR is pending, if no-SCH resources are available for transmission in the current TTI and no PUCCH resource for SR is configured in any TTI, the UE initiates a random access procedure.
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Conclusion

In conclusion, we have the following proposals. 
Proposal 1: NR supports single SR procedure with multiple sr-ProhibitTimers.
Proposal 2: As LTE, there is only one SR_COUNTER.
Proposal 3: As LTE, SR_COUNTER is increased by one when a SR is transmitted.  

Proposal 4: As LTE, if SR_COUNTER exceeds a threshold, MAC entity should notify RRC to release radio resources, cancel all pending SRs, and initiate a random access procedure on SpCell.

Proposal 5: As LTE, all SRs are cancelled if a MAC PDU is assembled and the MAC PDU includes a BSR that contains buffer status up and including the last event that triggered a BSR. 
Proposal 6: As LTE, a SR is triggered if a regular BSR is triggered and MAC has no UL resources allocated for new transmission in this TTI and logicalChannelSR-ProhibitTimer is not running and either no uplink grant is configured or the logical channel that triggers the BSR does not have logicalChannelSR-Mask setup.  
Proposal 7: As LTE, as long as one SR is pending, if no-SCH resources are available for transmission in the current TTI and no PUCCH resource for SR is configured in any TTI, the UE initiates a random access procedure.
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