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1. Introduction
During RAN2#98, the following agreements about SR were achieved:
Agreements
1.	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. 	From RAN2 point of view a single bit SR with multiple SR configuration is sufficient to distinguish the “numerology/TTI length” of the logical channel that trigger the SR.  RAN2 has not identified other use cases for which multibit SR is need with sufficient support.  
3.	RAN2 does not see the need to convey buffer status information.  
4. 	Send LS to RAN1 to indicate to RAN1 that RAN2 doesn’t see the need to support multi-bit SR. 
In this contribution, we will further consider how to link the multiple SR configurations with the TTI/numerology information. In addition, other SR-related configuration and timers are discussed as well. 
2. Discussion
How to select SR configuration to transmit a SR?
During RAN2#98, it has been agreed that the single bit SR with multiple SR configurations is used to distinguish the TTI/numerology type of the logical channel that triggers the SR. However, it is left FFS what the granularity of SR configuration for a logical channel is.
First, we assume that, even though this belongs to RAN1 to decide, it is expected that a given SR configuration consists of some physical resources semi-statically configured for a UE on a single and same TTI/numerology. Any different design would result in non-homogeneous available SR resources with different latency accesses adding complexity without any benefit.
Proposal 1:  It is expected that an SR configuration will consist of a set of UL resources allocated on a single and same TTI/numerology.
In NR, the following two aspects of information of an SR configuration must be known by the UE:
Aspect 1: The time and frequency location of this SR configuration
Aspect 2: This SR configuration can be used/triggered by which logical channel
For Aspect 1, with no doubt, it is indicated in the RRC (re)configuration signalling. 
For Aspect 2, since, from RAN2 #98 agreement, multiple SR configurations are only used to distinguish the TTI/numerology type(s) used by the LCH that triggered the BSR, a linkage between SR configuration and TTI/numerology type is required. For a triggered SR, UE should use the SR configuration linked with the TTI/numerology supported by the LCH that triggers this SR.
Proposal 2: In NR a linkage between SR configuration and TTI/numerology type should be defined. For a triggered SR, UE should use the SR configuration linked with the TTI/numerology supported by the LCH that triggers this SR.
Basically, an SR configuration can be linked with TTI/numerology type both in implicit or explicit way:
Option 1 (implicit linkage): an SR configuration is linked to the TTI/numerology of the SR resource.
Option 2 (explicit linkage): NW explicitly configures which TTI/numerology an SR configuration is linked to (independently from the TTI/numerology of the SR resource)
For the SR triggered by a logical channel mapped onto a single TTI/numerology, Option 1 and Option 2 work in the same way. The SR configuration linked to the corresponding TTI/numerology is used for SR transmission. For an SR triggered by a logical channel mapped onto multiple TTI/numerologies, with option 1, a UE can use the SR resource of any SR configuration which TTI/numerology is supported by the logical channel (e.g. on the earliest SR transmission occasion).  However, when receiving the SR, NW is only aware of one of the TTI/numerologies mapped to the logical channel. With option 2, an SR configuration can be explicitly linked to any possible combination of the multiple TTI/numerologies, so that UE can select the appropriate SR configuration to signal to the NW the set of TTI/numerologies supported by the triggering logical channel.
The following Table-1 and Table-2 illustrate the implicit and explicit linkage between SR configuration and TTI/numerology (assuming two numerologies are supported by the UE). 
Table-1 One-to-one (implicit) linkage between SR configuration and TTI/numerology
	SR
	implicitly linked to
	Which LCH can use the SR configuration?
	location of the SR resource

	1
	TTI/numerology 1
	LCHs supporting at least TTI/numerology1
	TTI/numerology 1

	2
	TTI/numerology 2
	LCHs supporting at least TTI/numerology 2
	TTI/numerology 2


Table -2 One-to-many (explicit) linkage between SR configuration and TTI/numerology
	SR 
	explicitly linked to
	Which LCH can use the SR configuration?
	location of the SR resource

	1
	TTI/numerology 1
	LCHs supporting numerology 1 only
	no restriction

	2
	TTI/numerology 2
	LCHs supporting numerology 2 only
	no restriction

	3
	TTI/numerology 1 and TTI numerology 2
	LCH supporting both numerology 1 and numerology 2
	no restriction


Obviously, less SR configurations are needed to be configured with the implicit linkage (Option 1). However, as discussed above, a logical channel mapped onto both numerology 1 and numerology 2 can either select SR configuration 1 or SR configuration 2, but the network scheduler can only allocate the following UL resource to the (only) numerology associated with the selected SR configuration. In Option 2, this logical channel will use SR configuration 3 thus making NW aware that the LCH can use both numerologies. NW can then allocate resource to an appropriate numerology based on the scheduling strategy, e.g. taking the traffic load into account, which can increase the resource efficiency. Thus Option 2 benefit can be assessed as a trade-off regarding resource consumption in terms of more SR configurations required, plus more NR-PDCCH monitoring for the UE after SR transmission, versus the resource efficiency benefit resulting from providing more flexibility to the scheduler in delivering the UL grant for any of the TTI/numerologies supported by the triggering logical channel. 
Our view is that Option 1 should be supported as the baseline solution, for its simplicity (since it requires no explicit configuration for the TTI/numerology linkage), and at least implemented when no logical channel is mapped onto multiple numerologies. Then Option 2 should be supported when some logical channels are mapped onto multiple TTI/numerologies and in high load, multiple on-going services, and few UEs per cell.    
Proposal 3: As a baseline, an SR configuration is linked to the TTI/numerology of the SR resource.
Proposal 4: The network can further explicitly configure which TTI/numerology an SR configuration is linked to (independently from the TTI/numerology of the SR resource)
SR Cancellation Mechanism
In LTE, all the pending SR in UE should be cancelled as soon as an UL grant is received. In NR, if a pending SR is triggered by an LCG mapped onto numerology A, but an UL grant for numerology B is received, can this pending SR be cancelled? Some companies have a concern on the legacy SR cancellation mechanism in that case. This can be analyzed case by case as shown in Fig.1


Figure 1 – Pending SR for one numerology and received UL grant on another numerology
In case 1, data and BSR is transmitted using the UL grant. As can be seen, there is a pending regular BSR and the regular BSR should at least include BS of all logical channels with available data according to the baseline LTE BSR framework. Therefore, this transmitted BSR can tell the NW how much data is available for numerology B. In case 2, only data is transmitted via the UL grant, which means all the available data is multiplexed into the MAC PDU. Obviously, in any case the SR is not needed to be pending any more. We can say in NR as long as an UL grant is received by the UE, all the pending SR should be cancelled.
Proposal 5: Same as LTE, all the pending SRs should be cancelled as long as a UL grant is received by the UE.
SR-Related Configuration
· sr-ProhibitTimer
After an SR is transmitted, there is some processing time in NW before UE receives the corresponding UL grant. In LTE, the sr-ProhibitTimer  is used to forbid unnecessary transmission of the SR during the time. For LTE, all SR carries the same information that it only tells the NW there is pending data in UE’s buffer. In this light, all the SR transmission can be forbidden during sr-ProhibitTimer. However, in NR, the SR carries different TTI/numerology information, so that the urgent degree of different SRs will be different for the NW’s scheduler. 
Based on this, we suggest enhancing the sr-ProhibitTimer to be SR configuration-specific. We can configure one sr-ProhibitTimer for each SR configuration. The timer is started by the SR transmission using related SR configuration and can only forbid the SR transmission using related SR configuration.
Proposal 6: Each SR configuration has its specific sr-ProhibitTimer. 
· SR_COUNTER and dsr-TransMax
The SR_COUNTER can record how many time UE attempts to request scheduling during one SR procedure. If it reaches the dsr- TransMax, it means there is radio link problem on the PUCCH resource for dedicated SR. In this case, UE should fallback to RA procedure to request UL resource. For NR, the multiple SR configurations locate on different PUCCH resources. In order to monitor whether each PUCCH resource is invalid or not,  the number of SR transmissions using each SR configuration should be recorded, respectively.
Proposal 7: Each SR configuration has its specific SR_COUNTER and dsr- TransMax.
3. Conclusion
This contribution addressed further leftover details of the SR design for NR. The resulting proposals are as follows:
Proposal 1:  It is expected that an SR configuration will consist of a set of UL resources allocated on a single and same TTI/numerology.
Proposal 2: In NR a linkage between SR configuration and TTI/numerology type should be defined. For a triggered SR, UE should use the SR configuration linked with the TTI/numerology supported by the LCH that triggers this SR.
Proposal 3: As a baseline, an SR configuration is linked to the TTI/numerology of the SR resource.
Proposal 4: The network can further explicitly configure which TTI/numerology an SR configuration is linked to (independently from the TTI/numerology of the SR resource)
Proposal 5: Same as LTE, all the pending SRs should be cancelled as long as a UL grant is received by the UE.
Proposal 6: Each SR configuration has its specific sr-ProhibitTimer.
Proposal 7: Each SR configuration has its specific SR_COUNTER and dsr- TransMax.
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