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1 Introduction

In this paper, we discuss the management of PUCCH resources when SR_COUNTER reaches dsr-TransMax.
2 Discussion
2.1 SR failure handling in LTE
In Rel-13, SR resource can be configured on both PCell and PUCCH SCell at the same time. However, there is only one SR procedure regardless of whether SR is configured on multiple cells, since UE can choose any one of the configured SR resources to transmit the scheduling request for uplink grant, no matter which logical channel triggers the regular BSR and further the SR. Although dsr-TransMax is configured per SR configuration, eNB configures the same value for all serving cells. Therefore, SR_COUNTER is maintained per MAC entity and if SR_COUNTER reaches dsr-TransMax of any SR configuration, MAC will notify RRC to release PUCCH resources for all serving cell and initial a random access procedure. If the SR failure is due to loss of synchronization or transmission power problem on uplink, it prevents the UE from generating interference to neighbouring UEs. 
Observation 1: In LTE, all the serving cells of the UE for which the SR resources are configured share the same value of dsr-TransMax; when the SR_COUNTER reaches this value, PUCCH resource for all serving cells are released.

2.2 SR failure handling in NR

In RAN2 NR AdHoc meeting [1], RAN2 agreed that there will be a mapping between logical channels and SR configuration which is configured by RRC signalling. If an SR is triggered at the UE by a regular BSR, the UE should choose the SR resource of the SR configuration associated with the logical channel which triggers the regular BSR to transmit the scheduling request. In RAN2 #99 meeting [2], RAN2 further agreed that dsr-TransMax is independently configured per SR configuration but whether SR_COUNTER is maintained for each SR configuration independently is FSS. 
However, no matter SR_COUNTER reaches one of the dsr-TransMax (if maintained per MAC entity as in LTE) or SR_COUNTER reaches its corresponding dsr-TransMax (if maintained per SR configuration), UE can only identify the SR failure for the specific SR configuration(s) whose dsr-TransMax is involved in the failed SR procedure(s), since UE can only transmit on the SR resources of the SR configuration corresponding to the logical channel(s) triggering the SR. For example, for low latency logical channels, e.g., URLLC, a dedicated SR resource with shorter periodicity and/or more reliable coding format can be configured. If a URLLC logical channel triggers a SR, the UE will transmit SR on the SR resource for URLLC. If the SR_COUNTER reaches the maximum transmission number of the SR resource for URLLC, the UE can only detect the SR failure for this SR resource.
In other words, as long as dsr-TransMax is configured independently by SR configurations, UE in NR can detect on which SR resource (s) the SR failure actually occurs. 
Observation 2: In NR, UE can detect on which specific SR resource(s) the SR failure actually occurs.

From the above analysis, there can be the following three options for the UE to behave upon SR failure being detected:
· Option 1: When the SR_COUNTER reaches dsr-TransMax of an SR configuration, UE notifies RRC to release the corresponding PUCCH resource included in the SR configuration.
In this option, the UE only releases the SR resource on which SR failure is detected, whilst keeps the other SR resources still valid. This option ensures that only the SR resources experiencing failures will be removed and the UE can still signal scheduling requests to the network by using other SR resources. The URLLC SR resource is uninterrupted if eMBB SR resource is released. The URLLC SR procedure will not be impacted. 
However, it is well understood that the problems with SR on PUCCH can occur due to e.g.:

· No TPC command issued by the network due to long period of low activity or loss of TPC command;
· Erroneous pathloss estimation;

· Interference on the PUCCH resource, since no power ramping is performed in SR procedure;
· Loss of DL/UL synchronization.
Any one of the above cases can apply to a cell or a group of cells, but not necessarily to just one single SR resource (in one SR configuration), since the power setting and channel conditions are maintained/measured per cell, and the synchronization are maintained per group of cells (TAG). In other words, SR failure on any SR resource of a cell can at least indicate the SR failures for all SR resources on the same cell. In NR, multiple SR configurations might be supported within a single cell, in order to ask for UL grant(s) from the network for e.g. different numerology/TTI lengths. Therefore, another alternative option to handle SR failure would be as the following Option 2.
· Option 2: When the SR_COUNTER reaches dsr-TransMax of any SR configuration on a cell/BWP, UE notifies RRC to release all the PUCCH resources of the same cell/same BWP.
Due to the above analyses for the causes of SR failure (e.g. sync problem, power/channel quality problem, etc.), once SR failure is detected on any SR resources, it seems quite likely that all the other SR resources on the same cell would experience SR failure as well. In this sense, it is reasonable for the UE to release all the PUCCH resources for SR configured on a cell, when SR failure is detected for any of the SR resource in this cell. 
Advantage of this option includes that the UE is able to detect all the SR resources that are likely with problems for SR transmission, even if the UE had only transmitted SR on a subset of them. This would prevent the UE from performing meaningless SR transmission on these SR resources so that access delay and interference to other UEs can be reduced. The UE can still transmit the scheduling request by using SR resources on other cells to get an UL grant.
In NR, a single carrier can be configured with at least one bandwidth part (BWP). In essence, a BWP is a piece of continuous frequency resource with the same or finer granularity than a cell. Especially, a wideband cell might comprise multiple TRPs and the BWPs within the cell are provided by different TRPs. Therefore, the characteristics of a BWP are similar to the characteristics of a narrowband cell. Then, the management of the power setting, the channel condition and the synchronization can also be performed on the basis of BWP. Taking one thing with another, same principles as the PUCCH handling discussed above at a cell-level can be applied to the case of BWP, e.g. UE release all the PUCCH of a BWP when detects SR failure on any SR configuration on this BWP.
· Option 3: When the SR_COUNTER reaches dsr-TransMax of any SR configuration, UE notifies RRC to release PUCCH resources for all serving cells.

This is another alternative actually proposed in [3] to reuse the current UE behaviour. In such a case, however, the UE loses the opportunity of relying on other SR resources which are actually without suffering from radio link problem/power setting problem/synchronization issues. As we said above, the scheduling request can only be sent using random access procedure with increased uplink scheduling latency.
By comparing the pros and cons each of the options as analyzed above, we prefer option 2 due to its reasonability for UE behaviour and limited standard impact. So we have the following proposal. 
Proposal 1: When the SR_COUNTER reaches dsr-TransMax for any SR configuration on a cell/BWP, UE notifies RRC to release all the SR resources for the same cell/BWP.
As pointed out by [3], further specification update is needed, since the network is not aware of PUCCH release if the UE uses other uninterrupted SR resource to send the request. Also, in the multiple SR configuration cases in NR, the gNB may not be able to know which specific SR resources actually experienced SR failure and thus are already released by the UE; this may make the gNB unable to release/reconfigure the proper PUCCH resources accordingly. 

Regarding this problem, UE at least should indicate the failure of some of the SR resources upon or after accessing the network. We think a new message or updated RACH procedure would be useful and beneficial.
Proposal 2: UE should indicate the SR failure to the network by a new message or updated RACH procedure.
3 Conclusion

In this contribution we discuss the management of PUCCH resource when SR_COUNTER reaches dsr-TransMax and have the following observations and proposals
Observation 1: In LTE, all the serving cells of the UE for which the SR resources are configured share the same value of dsr-TransMax; when the SR_COUNTER reaches this value, PUCCH resource for all serving cells are released.

Observation 2: In NR, UE can detect on which specific SR resource(s) the SR failure actually occurs.

Proposal 1: When the SR_COUNTER reaches dsr-TransMax for any SR configuration on a cell/BWP, UE notifies RRC to release all the SR resources for the same cell/BWP.
Proposal 2: UE should indicate the SR failure to the network by a new message or updated RACH procedure.
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