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1   Introduction and context
During the NR Study Item phase, multiple RAN2 contributions highlighted the need for enhancements to UL scheduling in NR, see [1] – [6]. In NR, the radio network will need to support very different types of services: in NR Phase-I simultaneous support is guaranteed for eMBB and URLLC. Based on recent RAN2 discussions it is reasonable to assume that URLLC and eMBB can be deployed using different numerologies. For this case, we would ideally want an uplink grant which can be allocated with appropriate size and physical layer numerology based on underlying QoS requirement, and also UP latency improvement should be made possible because of the knowledge of different underlying TTI values. The existing SR/BSR mechanism is therefore viewed by some companies as sub-optimal for multiple numerology support. In support of this statement is also the observation [5] that for the multiple numerology scenario, a UE may not multiplex data from all logical channels into one single MAC PDU, resulting in perceived inefficiencies if the existing SR/BSR mechanisms are applied in NR.
In our most recent contribution on this topic [6], we argued that RAN2-based solutions for SR enhancements for multiple numerology should be considered only after careful analysis of the LTE baseline. In light of the most recent RAN1 agreements to support other functions designed to reduce latency (more specifically grant-free, SPS-like, PUSCH transmission, as well as shorter periodicities for SR transmission in NR), we argue that the case has been further strengthened for RAN2 to support LTE as baseline in its own study of SR. If additional SR enhancements are then found to be required to support multiple numerologies, then RAN2-based solutions going beyond this baseline can be considered.
In this tdoc we review relevant RAN1 agreements and show how they may mitigate some of the perceived issues voiced by some companies with LTE SR mechanisms in NR deployments. We then categorize and review proposals for SR solutions in NR and give a qualitative estimate of respective issues including the complexity and workload of trying to standardize these solutions in RAN2. Should LTE SR mechanism as baseline be found inadequate after a careful study in RAN2, we present a case for allowing a UE to have multiple SR configurations (for instance, having different SR periodicity per service) depending on the services that the UE is using, as the most straightforward solution should enhancements be found to be required on top of the LTE baseline.
2   Relevant RAN1 agreements and potential impact on SR design in NR
In the previous two meetings, RAN1 has made important agreements which will help reduce latency and (as we argue here) may minimize the RAN2 standardization effort and changes to the SR mechanism required (if any) for NR compared to the LTE baseline. Crucially, on the topic of configuration of SR resources, RAN1 have agreed that “time interval between SR resources configured for a UE can be smaller than a slot”. What this means in practice is an agreement by RAN1 to support “shorter periodicities” for SR transmission; this can be assumed to mean a mini-slot which can be as short as 1-2 symbols. 
Observation 1: Recent RAN1 agreement to support short-periodicity SR can be used to help meet the UL scheduling latency requirements of URLLC.
Additionally, RAN1 has agreed to support grant-free, SPS-like, PUSCH transmissions. More specifically, an UL transmission scheme without a grant shall be supported, with “at least semi-static resource (re-)configuration supported […] higher-layer signalling could be similar to Rel-8 LTE SPS”. Nothing prevents a UE to convey BSR, together with any other information it may have, in a grant-free PUSCH transmission. 
Observation 2: Recent RAN1 agreement to support grant-free, SPS-like, PUSCH transmissions can be used to reduce the scheduling latency further by e.g. conveying the BSR together with data.
And finally – as certain companies in RAN2 propose the introduction of multi-bit SR – it is necessary to note here that no specific discussion or proposal on multi-bit SR through PUCCH took place in RAN1. In other words, and at least from a RAN1 perspective, no need has been identified for multi-bit SR.
Observation 3: No need has been identified in RAN1 for multi-bit SR to date.
3   Overview of design options and RAN2 remit
All that SR currently does is tell the network that the UE has BSR to send when the UE does not have enough resource for the BSR itself; it does not say anything about the amount of data in the buffers itself. Most SR/BSR enhancements recently proposed focus on getting the information on the data in the buffers to the gNB sooner than what the current procedure allows. Conceptually, the idea is for the SR framework to be modified to allow differentiation in uplink grant requirement for different QoS or numerology. From what was already submitted to RAN2, this could either mean sending more information using the SR itself, or sending the SR more frequently, or both. It could also mean configuring multiple SR resources per UE. Proposals already presented are summarized in the following Table:

	
	LTE baseline
	Single-bit SR with multiple SR configurations
	Multi-bit SR with single SR configuration

	Description
	- SR mechanism from LTE is adopted for NR

	-Each PUCCH transmission carries only 1 bit for SR
- Different numerologies are mapped onto designated SR resources
	- Each PUCCH transmission can carry multiple bits for SR
- Single PUCCH SR resource is configured for a UE at any given time
- UE can indicate numerologies/QoS of the UL traffic (and even potentially BSR) based on contents of SR message

	Pros
	- No RAN2 standardization effort required
- Compatible with recent RAN1 agreements and can be easily enhanced by their introduction
	- Minimal RAN2 standardization effort required
- Compatible with recent RAN1 agreements and can be easily enhanced by their introduction
	- Potentially significant information on the buffer status can be conveyed through SR
- Buffer status information can be conveyed for multiple numerologies using a single SR resource

	Cons
	- Further analysis required whether NR KPIs are met
	- Further analysis required whether NR KPIs are met
	- At variance with recent work on SR in RAN1, where multi-bit SR was not discussed
- Introduces additional standardization effort for RAN1 and RAN2, with multiple SR PUCCH formats being required to be defined by RAN1
- If the solution goes as far as emulating BSR using SR, PUCCH overhead becomes quite significant
- NR MAC PDU may consist of data from only one specific logical channel
- Further analysis required whether NR KPIs are met


4   Conclusion
In this paper we reviewed relevant RAN1 agreements and showed the ways in which they could mitigate some of the perceived issues with LTE SR mechanism in NR deployments voiced by certain companies. The following key observations were made from this analysis:
Observation 1: Recent RAN1 agreement to support short-periodicity SR can be used to help meet the UL scheduling latency requirements of URLLC.
Observation 2: Recent RAN1 agreement to support grant-free, SPS-like, PUSCH transmissions can be used to reduce the scheduling latency further by e.g. conveying the BSR together with data.
Observation 3: No need has been identified in RAN1 for multi-bit SR to date.
We then categorized and reviewed proposals received so far for RAN2-based enhancements to the SR mechanism; they were categorized according the following categories:
· LTE as baseline

· Single-bit SR with multiple SR configurations
· Multi-bit SR with single SR configuration
Based on the above observations and the review of the three main types of approaches, we put forward the following proposals for RAN2 consideration and approval:
Proposal 1:
LTE SR is taken as baseline for NR SR design.
Proposal 2:
Recent RAN1 decisions (such as that to support grant-free, SPS-like, PUSCH transmissions) should also be studied to see whether they offer viable alternative to any proposed changes to the baseline, before any such proposed changes to the baseline can be agreed in RAN2.

Proposal 3:
Should LTE SR mechanism as baseline (and its straightforward enhancements building on top of recent relevant RAN1 decisions mentioned in Proposal 2) be found inadequate (following a careful study by RAN2), in order to efficiently support multiple services such as eMBB/URLLC/eMTC, RAN2 should study allowing the UE to have multiple single-bit SR configurations (for instance, by extending existing RAN1 agreements to have multiple SR periodicities for the same UE) depending on the services that the UE is using.
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