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1. Introduction

For NR Scheduling Request (SR), it is agreed that SR should at least distinguish the “numerology/TTI type” of the logical channel that triggered the SR in RAN2 #97bis agreements [1]. It is further agreed that multiple (single-bit) SR configurations can be configured to the UE and which SR configuration is used depends on the LCH that triggers the SR in RAN2 #98 agreements [2].
Based on these agreements, we discuss the corresponding issues and further details of NR SR procedure under multiple SR configurations in this contribution.  
RAN2 #97bis Agreements [1]
-
The SR should at least distinguish the “numerology/TTI type” of the logical channel that triggered the SR (how this is done is FFS).   

-
The existing LTE BSR framework is used as baseline for NR BSR framework.  Further enhancements at least related to numerologies and granularity and can be further discussed
RAN2 #98 Agreements [2]
-
Multiple SR configurations can be configured to the UE and which SR configuration is used depends on the LCH that triggers the SR.  The granularity of SR configuration for a logical channel is FFS.
2. Discussion
2.1 SR triggering
In LTE, SR is triggered by Regular BSR when there is no UL resource for new transmission, and the Regular BSR is triggered by any of the following two events: (1) higher priority data becoming available for transmission; (2) retxBSR-Timer expires and there is still data pending for transmission. The intention of SR here is to request UL resource for transmitting (at least) the BSR MAC CE, so that eNB can schedule the UE MAC entity properly after receiving the BSR. The mechanism of triggering SR by Regular BSR should be reused in NR. Other triggering may still be FFS.
Proposal 1: In NR, the concept of triggering SR by Regular BSR is reused.
2.2 Mapping between logical channel and SR configuration 
In LTE, there is no correspondence between LCH and SR configuration. A MAC entity could be configured with at most two SR configurations in enhanced Carrier Aggregation (eCA) mode, and when SR is pending, there is no restriction on which SR configuration should be selected to signal SR. In NR, it is agreed that which SR configuration is used depends on the LCH that triggers the SR. The intention is to differentiate the service type which triggers the Regular BSR (and thus SR), so that the network could provide proper UL resource that satisfies the QoS or latency requirement of that service. A LCH should be mapped to at least one SR configuration in order to signal SR for it. The mapping could be explicit by directly configuring which SR configuration(s) a LCH is mapped to; or could be implicit, based on the numerology/TTI duration and/or other properties of the LCH. For example, a specific numerology is mapped to one SR configuration, and the LCH is configured to use that specific numerology, implying this LCH is implicitly mapped to the SR configuration associated with that specific numerology. 

A question is that: is there any benefit of mapping a LCH to multiple SR configurations? For example in Figure 1, LCH 1 is mapped to both SR configuration 1 and 2; LCH 2 is mapped to SR configuration 2 only. If the MAC entity signals SR using SR configuration 2, the gNB cannot tell whether the SR is triggered due to LCH 1 or LCH 2, and has no choice but to allocate UL resource which is suitable for both LCH1 and LCH2. This could result in waste of resource if LCH1 is not delay-sensitive but LCH2 is. Another issue is that: when LCH 1 triggers SR, which SR configuration should be selected by the MAC entity to signal SR? We could avoid the above two issues by ensuring that a LCH is mapped to at most one SR configuration. Based on the above analysis, we propose:
Proposal 2: In NR, a LCH is mapped to at most one SR configuration. How to configure the mapping is FFS.
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Figure 1: An example for the logical channels mapped to one or more SR configuration
2.3 Selection of SR resource when multiple SRs are triggered
It is possible that multiple LCHs trigger the SR nearly at the same time. If they are mapped to the same SR configuration, there is no problem for the MAC entity to select SR configuration to signal SR. If they are mapped to different SR configurations, there are some alternatives for the MAC entity:
· Alt – 1: only one of the mapped SR configurations is selected (Figure 2)
In this alternative, which one is selected could be based on e.g., the priority of the LCH, the priority of the SR configuration (if exists), and/or the numerology/TTI duration, etc. 
· Alt – 2: all mapped SR configurations are selected (Figure 3)
In this alternative, the MAC entity could signal SR using all mapped SR configurations. One of the benefits is that no specific rule is required. 
In Figure 2 and 3, LCH1 is mapped to one SR configuration with longer SR period; LCH2 is mapped to the other SR configuration with shorter SR period. In Scenario A, LCH2 has higher priority than LCH1, and SR is triggered by LCH1 first, followed by LCH2; while in Scenario B, LCH1 has higher priority than LCH2, and SR is triggered by LCH2 first, followed by LCH1.
As illustrated in Figure 2, if only one of the two SR configurations is selected based on the priority of the mapped LCH, the MAC entity cannot signal SR as soon as possible in case the SR opportunity of the selected SR configuration occurs later than the other one. It is noted that higher priority does not always means more delay-sensitive (e.g., the RRC message). If the MAC entity cannot use both SR configurations, the delay of the more delay-sensitive service might increase (e.g., scenario B in Figure 2). It is also beneficial for gNB to receive both SRs, so that it is aware of both LCHs before receiving the BSR. We should not restrict the MAC entity to provide more information to the network, as this information is helpful for the network to schedule the MAC entity. Based on the above analysis, we prefer Alt-2 and propose:
Proposal 3: In NR, in case there is no SR pending and a SR is triggered by a LCH, the MAC entity should use the SR configuration (resource) mapped to the LCH to signal SR.

Proposal 4: In NR, in case there is SR pending and a SR is triggered by another LCH mapped to a different SR configuration, the MAC entity could also use the different SR configuration (resource) to signal SR.
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Figure 2: An example of Alt-1 that UE can signal SR using one of the two SR configurations. UE cannot signal SR as soon as possible in Scenario B.
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Figure 3: An example of Alt-2 that UE can signal SR as soon as possible and provide additional information using both SR configurations.
It has been agreed that Multiple SR configurations can be configured to the UE and which SR configuration is used depends on the LCH that triggers the SR. If proposal 1 is agreed, when a SR is triggered by a Regular BSR, we need to discuss which LCH triggers the SR. It is clear that when a Regular BSR is triggered for a LCH (e.g., data belonging to this LCH becomes available for transmission), this LCH is considered as the LCH which triggers the Regular BSR, but it is unclear for retxBSR-Timer. In LTE, the Regular BSR triggering related to retxBSR-Timer is quoted as below:


Regarding retxBSR-Timer case, such design is used for error handling. In our view, it is not appropriate to count on retxBSR-Timer for handling URLLC transmission. Hence, for retxBSR-Timer case, we propose to choose the one with highest priority among those LCHs which satisfies the highlighted text. 

Proposal 5: In NR, when a Regular BSR is triggered due to retxBSR-Timer, the highest priority LCH which belongs to a LCG and still has data available for transmission is considered as the LCH which triggers the BSR.
3. Conclusion

Based on the above analysis, we have the following proposals related to SR procedure in NR.
Proposal 1: In NR, the concept of triggering SR by Regular BSR is reused.
Proposal 2: In NR, a LCH is mapped to at most one SR configuration. How to configure the mapping is FFS.

Proposal 3: In NR, in case there is no SR pending and a SR is triggered by a LCH, the MAC entity should use the SR configuration (resource) mapped to the LCH to signal SR.

Proposal 4: In NR, in case there is SR pending and a SR is triggered by another LCH mapped to a different SR configuration, the MAC entity could also use the different SR configuration (resource) to signal SR.

Proposal 5: In NR, when a Regular BSR is triggered due to retxBSR-Timer, the highest priority LCH which belongs to a LCG and still has data available for transmission is considered as the LCH which triggers the BSR.
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A Buffer Status Report (BSR) shall be triggered if any of the following events occur:


-	retxBSR-Timer expires and the MAC entity has data available for transmission for any of the logical channels which belong to a LCG, in which case the BSR is referred below to as "Regular BSR";








