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1 Introduction

In the RAN2 #99 meeting, the following agreements on SR configuration were made: 
Agreements:

1. One or multiple logical channel(s) are mapped to SR configuration (e.g. not LCG)

2. RAN2 understanding is that numerology of the SR transmission need not be the same as the numerology of the LCH which triggered the SR

3. For the single-cell case, one single LCH is mapped to none or one SR configuration per BWP.  This agreement is pending confirmation from RAN1 that a single BWP can support multiple SR configurations and understanding of how BWP is switched.  

FFS how to handle SR configuration, mapping and transmission for CA case

4. sr-ProhibitTimer is independently configured per SR configuration.  Whether a single timer or multiple timers are running at the same time are FFS.   

5. drs-TransMax is independently configured per SR configuration.  FFS whether SR_COUNTER is maintained for each SR configuration independently
This contribution discusses the open issues with multiple SR configurations, as captured in the above agreements.
2 Discussion  
2.1 Granularity of SR_COUNTER

In the LTE, the variable SD_COUNTER tracks the number of transmission of a SR. It can be used to detect the reliability of PUCCH, i.e. if it has reached a configured limit, drs-TransMax, the SR is cancelled and a random access is triggered instead. 
In NR, it has been agreed that each SR configuration can have its own drs-TransMax. But it remains an open question whether each SR configuration needs to maintain its own SD_COUNTER.   

We think SR configurations in the same PUCCH should share the same SR_COUNTER instead of having their own. This is because the main purpose of SD_COUNTER is to keep track of the reliability of PUCCH transmission. It is not related to service requirements of logical channels mapped to a SR configuration. If two SR configurations have the same PUCCH format and they are on the same carrier, then the result of their transmissions have the same implication on the reliability of PUCCH, i.e. if there is N consecutive failures of SR transmission on the same PUCCH, then there is no difference from reliability point of view whether all these failures are made by the same SR configuration or by a mix of different SR configurations. 
For this reason, if there are already multiple consecutive transmission failures when a SR is triggered, UE can infer from the failures that the PUCCH is not reliable. It should cancel the SR procedure if the number of those failures exceeds the configured drs-TransMax for that SR configuration. There is no reason for the UE to transmit more in this case. 
In NR, SR can be transmitted using two different PUCCHs, namely short PUCCH and long PUCCH. And different SR configurations can be configured on different carriers. PUCCHs with different format and on different carriers may have different reliabilities. Therefore, each PUCCHs should maintain its own SD_COUNTER. 

Proposal 1.
All SR configurations on the same PUCCH share a single SD_COUNTER.
In the LTE, when SD_COUNTER exceeds drs-TransMax, UE cancels the pending SR and initiate a random access procedure instead. This behaviour may need to change in NR, because different logical channels mapped to different SR configurations may have different service requirements. For example, if a logical channel is configured to support URLLC, its associated SR configuration should be configured with a small drs-TransMax, because each SR transmission adds extra delay. And because random access is too slow for scheduling URLLC, if a SR is cancelled because SD_COUNTER exceeds its configured drs-TransMax, it does not make sense to initiate a random access. UE should either notify the upper layer or use a grant-free resource instead. 
Proposal 2. 
When SR_COUNTER exceeds drs_TransMax of a SR configuration, UE cancels all pending SRs associated with that configuration. Whether such a cancellation always triggers a random access is FFS.
2.2 SR timers
It has been agreed that different SR configurations can have different sr_ProhitbitTimers, because logical channels mapped to different SR configurations may have different requirements on how often they need to make requests. The open question is whether SR configurations should share a single timer implementation, i.e. a newly triggered SR is withheld if the time since the last SR transmission of any configuration is shorter than its configured sr_ProhitbitTimer.  

We do NOT think having all SR configurations share the same timer is a good idea. The original motivation of sr_ProhitbitTimer is to prevent a UE from requesting resources too often. However, in the case of multiple SR configurations, SR of different configurations are used to request resources on different numerologies and hence should be tied together by sharing the same timer. A good example is URLLC and eMBB on two different SR configurations. Even if a SR for URLLC is triggered right after a SR for eMBB is transmitted, it still makes sense to send the SR without delay. This is because if UE withholds the SR for URLLC and relies on the SR for eMBB to get UL grant and then send BSR, the round trip time may be too long per URLLC’s delay requirement. Therefore, we believe each SR configuration should have its own timer implementation for sr_ProhitbitTimer.
Proposal 3.
Each SR configuration implements its own timer for its sr-ProhitbitTimer. 

2.3 SR collision
With multiple SR configurations, it is possible that more than one SRs, which can be on either the same or different PUCCHs, are scheduled in the same time slot. In such a case, we do not think it is efficient to transmit all those SRs, for the following reasons:

· It is rather a redundant effort to send multiple SRs at the same time. Although they may be configured to request resources on different numerologies, it is good enough to send only the one corresponding to the logical channel with the most stringent delay requirement, which allows gNB to get a BSR and start to schedule with the shortest delay. 
· If these SRs are on different carriers, then transmitting multiple SRs at the same time would cause UE to split its transmission power among different SRs and hence reduces the reliability of each SR.
Therefore, when multiple SRs are scheduled to the same time slot, UE only needs to transmit only one of them. And this selected SR should be the one triggered by the logical channel with the highest priority among them. This is because that can help gNB get the BSR with the shortest delay, for typical configuration of logical channel mappings. 
Proposal 4.
When multiple SRs are scheduled to the same time slot, UE transmits only the one which was triggered by the logical channel with the highest priority.
3 Summary
Based on the above discussions, we recommend RAN2 to discuss the following observation and proposals: 
Proposal 1. All SR configurations on the same PUCCH share a single SD_COUNTER.
Proposal 2. When SR_COUNTER exceeds drs_TransMax of a SR configuration, UE cancels all pending SRs associated with that configuration. Whether such a cancellation always triggers a random access is FFS.
Proposal 3. Each SR configuration implements its own timer for its sr-ProhitbitTimer.
Proposal 4. When multiple SRs are scheduled to the same time slot, UE transmits only the one which was triggered by the logical channel with the highest priority.  
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