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1   Introduction and context
The agreement made earlier this year that additional SR enhancements are required to support multiple numerologies was followed by a more specific agreement outlining the design guidelines for the SR mechanism in NR, reached at the RAN2#98 meeting in Hangzhou, and repeated here:

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 essence, RAN2 agreed in Hangzhou that UE should be configured with independent one-bit SR resources for each relevant use-case. These multiple SR resources (including their periodicity and frequency/time resources and PUCCH format used) are configured by the network, each configuration linked to one or more LCHs. (How and whether the LCHs are grouped for SR triggering - referred to as “the granularity of SR configuration” in the agreement above – was left FFS.) The gNB then infers the numerology required for the first PUSCH transmission based on the specific SR configuration used by the UE.

At the subsequent meeting in Qingdao (RAN2 NR ad-hoc #2), the following agreement was made with respect to how the mapping between the LCHs and multiple SR configurations is done:

Agreements:

1. In case multiple SRs are configured, for each LCH, there will be a mapping between LCHs and SR configuration and the mapping should be configured by RRC signalling.  FFS if grouping is needed.  

2. A logical channel can be mapped to none or one SR configuration.  FFS if a logical channel can be mapped to more than one SR configuration.  

In this tdoc we tackle the open issues related to finalizing the SR design. More specifically, we address the LCH-to-SR configurations mapping and the outstanding issue highlighted above – whether or not we should allow a one-to-many mapping. 

2   Discussion on advantages and drawbacks of one-to-one vs. one-to-many mappings
One-to-many mapping offers some advantages, but also drawbacks which need to be taken into account; these are summarised in the Table below and then explained in more detail in the rest of the document:

	Advantages
	A1: Greater network flexibility

A2: Reduced latency to send BSR in some scenarios

	Drawbacks
	D1: UE behaviour on SR selection needs to be specified
D2: Potentially inefficient URLLC resource usage


A1: If we decide not to explicitly limit the mapping through normative work, this would allow greater flexibility for the network. The mapping is in network’s hands anyway, so by doing away with the limit, the network can decide to impose this limit on a case-by-case basis – or have the option not to do so. This helps with forward compatibility as well. However, by allowing one-to-many mappings, we then create the situation where a choice needs to be made by the UE as to which one to use ( drawback D1 described below
A2: If we map eMBB LCH to both SR_URLLC and SR_eMBB – and if the SR_URLLC is used for eMBB LCH – the URLLC-type PUSCH resource will be allocated. This PUSCH resource will only be used for the very first PUSCH transmission, which will in turn contain BSR. Once BSR is transmitted, the network will have the full information on buffer status and can then decide which type(s) of resource to grant – so it can decide not to continue with URLLC-type grants. But the time to send BSR is shortened. However, this results in potentially inefficient URLLC resource usage ( drawback D2 described below
D1: Configuring multiple SR configurations for a single LCH will mean that there will be situations where the UE needs to make a choice. Therefore the flexibility embodied by A1 can lead to more complex UE implementation. Given that the only other advantage (A2) is a corner-case (it only yields gains when there is no URLLC traffic, and the gains – or their impact rather – are questionable given that eMBB has very different QoS requirements), this drawback is a serious one.  
D2: The issue that A2 addresses – allowing use of SR_URLLC by an eMBB LCH – results in potentially inefficient URLLC resource usage. This can be avoided by ensuring that a UE which supports both URLLC and eMBB has only one SR configuration (SR_URLLC, with short periodicity), while configuring a UE with only eMBB with only one SR configuration (SR_eMBB, with long periodicity), matching the most stringent requirements. In other words, through a clever network decision strategy, URLLC resource usage can be made more efficient while still ensuring that QoS requirements from A2 are met.
Based on the above analysis, we observe the following:
Observation 1. One-to-many mapping gives more flexibility to the network; however, it would lead to a more complex UE implementation. Even if a relatively simple algorithm is proposed which brings the increase in UE complexity to tolerable levels, it is difficult to justify spending further time on such discussions given the challenging NR Phase-I schedule. 
Observation 2. The only other advantage – allowing eMBB LCH to use both SR_eMBB and SR_URLLC configurations – is a corner-case with questionable gains, given that the issue can be circumvented by different network strategies.
Based on this we propose the following:
Proposal: Limit the number of SR configurations to which a LCH can be mapped to a maximum of one.
3   Conclusion
In this contribution we have focused on whether one-to-many mappings should be allowed between LCHs and SR configurations. By analyzing benefits and drawbacks of such kind of mapping, we have come to the following observations:
Observation 1. One-to-many mapping gives more flexibility to the network; however, it would lead to a more complex UE implementation. Even if a relatively simple algorithm is proposed which brings the increase in UE complexity to tolerable levels, it is difficult to justify spending further time on such discussions given the challenging NR Phase-I schedule. 

Observation 2. The only other advantage – allowing eMBB LCH to use both SR_eMBB and SR_URLLC configurations – is a corner-case with questionable gains, given that the issue can be circumvented by different network strategies.
Based on these, we propose the following:
Proposal: Limit the number of SR configurations to which a LCH can be mapped to a maximum of one.
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