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1 Introduction

In last RAN2 meeting, issues related to the granularity of SR configurations were discussed and the following agreements were achieved [1]:
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
However, there are still some remaining issues regarding the support of multiple SR configurations. In this contribution, we will discuss these issues and provide our proposals.
2 Discussion
2.1 Timers in SR configuration
2.1.1 sr-ProhibitTimer

In last RAN2 meeting, it was agreed that sr-ProhibitTimer is independently configured per SR configuration. But there was no discussion related to the unit of the timer, except for one company which proposed that it is in the number of SR period(s) of the shortest SR period of any SR configuration [2]. 
In Rel-12, the sr-ProhibitTimer-r9 is defined in terms of SR periods on the PCell. In Rel-13, even though SR resources and different periods can be configured on both PCell and PUCCH SCell(s) at the same time, it was agreed that there is only one sr-ProhibitTimer and the unit of the timer is the shortest SR period of all serving cells with PUCCH, mainly with the consideration of SR transmission delay as well as complexity. 
In Rel-15 NR, we have already agreed that multiple SR configurations can be configured and the sr-ProhibitTimer is independently configured per SR configuration. Considering different latency requirements of LCHs, an SR requiring a UL grant with a numerology/TTI type of shorter latency needs to have shorter sr-ProhibitTimer than that requiring a UL grant with a numerology/TTI type of longer latency. Therefore, sr-ProhibitTimer for different SR configurations can be configured with different values. To this end, we think that similar considerations as in Rel-13 LTE are still applicable here, and thus propose to reuse the way of defining the unit of sr-ProhibitTimer as in LTE, i.e. the shortest SR period of any serving cell with PUCCH. But, of course, the specific values of sr-ProhibitTimer in terms of this common unit for different SR configurations are allowed to be different, depending on gNB implementation. 
Proposal 1: The unit of sr-ProhibitTimer for different SR configurations is common, i.e. the shortest SR period of any serving cell with PUCCH.
Proposal 2: Values of sr-ProhibitTimer in terms of the common unit are allowed to be different for different SR configurations, depending on gNB implementation. 
2.1.2 logicalChannelSR-ProhibitTimer
In Rel-12 LTE, logicalChannelSR-ProhibitTimer was introduced to delay SR triggering for certain logical channels. In addition, a per LCH configured parameter logicalChannelSR-Prohibit which can be set to true/false was introduced to indicate whether the logicalChannelSR-ProhibitTimer applies to a certain LCH. The logicalChannelSR-ProhibitTimer is configured per MAC entity, but only applies to the LCHs with logicalChannelSR-Prohibit enabled. 
In NR, we have already agreed to reuse the concept of logicalChannelSR-ProhibitTimer and the value is allowed to be set to infinity. In order to assist gNB scheduling, different SR configurations are utilized to indicate different numerology/TTI lengths the UE requests to transmit on. Even though the LCHs associated with different SR configurations have different latency requirements, it seems enough to reuse a common logicalChannelSR-ProhibitTimer per MAC entity in NR. Particularly, for LCHs with stringent latency requirements, the logicalChannelSR-Prohibit can be set to false, so as to disable the LCHs from applying this prohibit timer. 
Proposal 3: In NR, logicalChannelSR-ProhibitTimer is per MAC entity, and logicalChannelSR-Prohibit is configured per LCH to indicate whether the logicalChannelSR-ProhibitTimer applies to this LCH or not.
Then based on Proposal 3, the following issue needs further considering with respect to the operation of the logicalChannelSR-Prohibit. In Rel-12 LTE, when the regular BSR is triggered due to data becoming available for transmission for a logical channel for which logicalChannelSR-Prohibit is not enabled, the logicalChannelSR-ProhibitTimer should be stopped if it is running. The reason is that an SR may need to be triggered for the UE in this case, but can not be triggeredwhen logicalChannelSR-ProhibitTimer is running.

In NR, however, a UE can be configured with multiple SR configurations associated with different LCHs which further corresponds to different numerologies/TTI lengths. So different from LTE where the SR configuration is UE specific with only one SR procedure, in case a regular BSR is triggerd due to data arrival for a LCH without logicalChannelSR-Prohibit enabled, an SR may only need triggring for the SR configuration associated with this LCH, but is unnecessarily also triggred by some LCH(s) with enabled logicalChannelSR-Prohibit which is assocaited with other SR configuration(s). To be specific, consider the following case: the logicalChannelSR-ProhibitTimer starts or restarts due to the triggered Regular BSR on LCH#1 with logicalChannelSR-Prohibit enabled, and then a new regular BSR is triggered on LCH#2 without logicalChannelSR-Prohibit enabled; if the SR configuration of LCH#1 and LCH#2 are different, it is unnecessary to stop the logicalChannelSR-ProhibitTimer and let two SRs (by LCH#1 and LCH#2 respectively) be triggered together, since the gNB only needs to get the scheduling request information from the SR configuration associated with LCH#2 but not LCH#1 with its logicalChannelSR-Prohibit enabled. 
Due to the above issue, therefore, the operation procedure for logicalChannelSR-ProhibitTimer should be further discussed considering multiple SR configurations.
Proposal 4: If logicalChannelSR-ProhibitTimer is per MAC entity as in LTE, the procedure for logicalChannelSR-ProhibitTimer operation in LTE may not also apply to NR due to the introduction of multiple SR configurations, and should thus be further discussed for NR.
2.2 Association between LCH and SR configuration
To associate an LCH with an SR configuration, currently there are two mechanisms listed as below. 

Option 1: include LCID(s) in each SR configuration 

For this option, LCID(s) is/are used to identify the LCH(s) that are associated with each SR configuration, in order to achieve the mapping between LCHs and SR configurations. 
Option 2: include SR configuration ID(s) in each LCH configuration 

For this option, each SR configuration is first associated with an ID and upon configuration of a certain LCH, the ID of the associated SR configuration is included in the LCH’s configuration. 
By comparing the above two options, we find that there may be some issues for above Option 2. Specifically, as pointed out in the email discussion document [3], the UE may be configured with SR configurations respectively on PCell and SCells, so that some SR configurations on different cells may be assigned with the same sr-ID value, which means that a sr-ID value may not correspond to a unique SR configuration. In this case, for a LCH including an sr-ID, Option 2 may lead to the ambiguity on which specific SR configuration (i.e. on which cell) is the LCH actually associated with. By contrast, Option 1 has no such issue, since the LCID is unique inside the UE. 
Besides, another advantage of Option 1 is that LCID should anyway be configured, and thus no additional ID for SR (e.g. sr-ID) is further needed exclusively for the “LCH-SR configuration” mapping purpose. Thus, it seems Option 1 is simpler and with milder standard impact. 

Based on the analyses above, we slightly prefer Option 1 and have the following proposal. 
Proposal 5: Include LCID(s) in each SR configuration to associate LCH(s) with SR configurations.

2.3 Selection of SR configuration when retx-BSRTimer expires
In LTE, when retx-BSRTimer expires and the MAC entity has data available for transmission for any of the logical channels which belong to a LCG, a regular BSR is triggered; moreover, if related conditions are satisfied, a corresponding SR is also triggered. Since we have already agreed to reuse the concept of retx-BSRTimer in NR, then with multiple SR configurations, which SR configuration should be actually used to transmit the corresponding SR upon the expiry of retx-BSRTimer? This is a question needs answering clearly.
In last RAN2 meeting, this question was raised by some discussion papers [4] but not discussed online due to the lack of time. Actually, there can be several options listed as below.

· UE selects the SR configuration of which the corresponding SR resource comes first.
· UE selects the SR configuration of which the associated LCH has the highest priority.

· UE selects the SR configuration of which the associated LCH triggers the BSR that starts or restarts the retx-BSRTimer
Since the transmitted SR is triggered by BSR and generally the gNB may not allocate a big grant to carry corresponding BSR upon reception of an SR; therefore, considering latency requirement as well as complexity, it seems more reasonable to utilize the SR configuration of which the corresponding SR resource comes first. 
Proposal 6: When a regular BSR is triggered due to the expiration of retx-BSRTimer and an SR is triggered accordingly, the UE selects the SR configuration of which the PUCCH resource for SR comes first to transmit the SR.
2.4 UE behaviour for LCH with none SR configuration

In NR, we already agreed to introduce multiple SR configurations to indicate which numerology/TTI length the UE is requesting to transmit on. In addition, it was agreed that each LCH can be associated with none or one SR configuration. As the granularity of SR configuration is per LCH instead of per UE now, UE behaviour for a LCH with none SR configuration should be discussed in detail.

Case 1: A LCH belongs to none LCG without associated SR configuration

Considering LCG grouping, similar principle can be adopted as in LTE, i.e., one LCH is allowed to be assigned to none LCG. If one LCH does not belong to any LCG, then neither BSR nor SR will be triggered by this LCH, no matter whether this LCH has assocaited SR configuration or not. Therefore it is proposed in RAN2 to confirm that:
Proposal 7: If one LCH does not belong to any LCG, then this LCH will not trigger SR no matter it has associated SR configuration or not. 

Case 2: A LCH belongs to one LCG without associated SR configuration

Another case is that one LCH belongs to one of the LCGs but is not associated with any SR configuration. In this case, when BSR is triggered by this LCH due to new or higher priority data arrival, what the UE should behave? There are several options to be considered as shown below.

Option 1: SR is triggered and pending 

For this option, SR is triggered and remains pending; however, what is different from LTE is that the UE does not initiate RACH to request uplink resource. Since other LCHs still have associated SR configuration, BSR and corresponding SR is probably triggered later, which means BS information of this certain LCH is able to be carried via BSR triggered by other LCHs. The SR will not be cancelled until BS information of this LCH is reported or all pending data of this LCH is accommodated. 
Option 2: SR is not triggered

For this option, if one LCH has no associated SR configuration, then SR will not be triggered by this LCH, but BS information of this LCH is allowed to be included in the reported BSR. Actually this makes sense since the motivation of none SR configuration from the gNB’s perspective is that PUCCH resource is precious and some low priority LCHs are not expected to be configured with dedicated PUCCH resource, so that gNB does not expect to receive SR from these LCHs. This is also quite simple and may lead to low specification impact.

Option 3: SR is triggered and transmitted utilizing one SR configuration

For this option, SR is triggered and transmitted. Since this LCH has none associated SR configuration, SR can only be transmitted via other SR configurations. If there are more than one associated SR configurations for other LCHs, which one to utilize is the next issue. Some options to be taken into consideration are listed as below:

· UE selects the SR configuration associated to the LCH with the same priority as this LCH
· UE selects the SR configuration associated to the LCH with the highest/lowest priority 
· UE selects the SR configuration the corresponding SR resource of which comes first
· UE selects the SR configuration the corresponding SR resource of which is the most densest/sparse
· gNB configures one default SR configuration for LCHs associated with none SR configuration to transmit SR

· UE selects the SR configuration randomly based on UE implementation 
Option 4: Once SR is triggered, UE initiates RACH and cancels the pending SR
For this option, similar as LTE, RACH is initiated to request uplink resource. The difference from LTE is that in LTE one UE only has one dedicated PRACH configuration, while in NR due to the introduction of different services and trigger events, some prioritization in RACH may be performed, with details still under ongoing discussion. Therefore, if multiple PRACH configurations are agreed, then for a LCH with none SR configuration, RACH is initiated utilizing its associated PRACH configuration to request uplink resource, if SR is triggered by this LCH. 

Table1. Comparison among these options
	
	Option 1
	Option 2
	Option 3
	Option 4

	Spec impact
	Low
	Medium
	High
	Low 

	Complexity on UE behaviour 
	Low 
	Low
	Medium 
	High


By comparing the options shown above, we first think that it is not quite reasonable to initiate RACH, since there are available SR transmission opportunities. Moreover, if multiple LCHs are associated with none SR configuration and option 4 is adopted, unnecessary RACH procedures may be performed and results in additional conflicts as well as complexity on UE behaviour. Therefore, we think that initiating RACH seems not the motivation of the gNB to configure some LCHs with none SR configuraiton, since we believe that the motivation should be that the gNB does not expect to receive any form of information (i.e. SR or RACH) triggered by these LCH to request scheduling, and these LCHs are typically with low priority. Therefore, option 4 is not recommended, and RACH should not be initiated by the LCH configured with none SR configuration to request uplink resources. 
Proposal 8: RACH should not be initiated by a LCH configured with none SR configurtion to request uplink resources. 

Compared among the other four options, we think option 1 is the simplest solution and seems to have no obvious impact on specification. Therefore, we propose RAN2 to adopt this solution. 

Proposal 9: If an SR is triggered by a LCH associated with none SR configuration, the SR remains pending until cancelled without initiating RACH.  

3 Conclusion

In this contribution, we present our view on the remaining issues related to multiple SR configurations from RAN2 perspective and have the following proposals
Proposal 1: The unit of sr-ProhibitTimer for different SR configurations is common, i.e. the shortest SR period of any serving cell with PUCCH.

Proposal 2: Values of sr-ProhibitTimer in terms of the common unit are allowed to be different for different SR configurations, depending on gNB implementation. 

Proposal 3: In NR, logicalChannelSR-ProhibitTimer is per MAC entity, and logicalChannelSR-Prohibit is configured per LCH to indicate whether the logicalChannelSR-ProhibitTimer applies to this LCH or not.
Proposal 4: If logicalChannelSR-ProhibitTimer is per MAC entity as in LTE, the procedure for logicalChannelSR-ProhibitTimer operation in LTE may not also apply to NR due to the introduction of multiple SR configurations, and should thus be further discussed for NR.
Proposal 5: Include LCID(s) in each SR configuration to associate LCH(s) with SR configurations.

Proposal 6: When a regular BSR is triggered due to the expiration of retx-BSRTimer and an SR is triggered accordingly, the UE selects the SR configuration of which the PUCCH resource for SR comes first to transmit the SR.

Proposal 7: If one LCH does not belong to any LCG, then this LCH will not trigger SR no matter it has associated SR configuration or not. 

Proposal 8: RACH should not be initiated by a LCH configured with none SR configurtion to request uplink resources. 

Proposal 9: If an SR is triggered by a LCH associated with none SR configuration, the SR remains pending until cancelled without initiating RACH.
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