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1 Introduction

In RAN2 #97bis, the following agreement has been reached on SR/BSR:
Agreements on SR/BRS
-
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
This contribution discusses various options for enhancing SR in NR, to support multiple numerologies and improve the performance of UL scheduling.  
2 Discussion
In the LTE baseline, SR on PUCCH channel is a binary signaling scheme indicating whether there is pending uplink data at the UE.  Therefore, from a SR alone, eNB knows only that UE has data waiting but has no idea on what priority the data has and how much data there may be.  In NR, this issue is further complicated if a UE is configured with multiple numerologies, because the network does not have enough information to determine over which numerology it should provide grants to the UE.

2.1 Motivations for SR enhancements
For the reasons listed above, there are at least the following possible enhancements to SR in NR:

· Service differentiation.  As agreed in the RAN2#97bis meeting, SRs in NR should indicate the “numerology/TTI type” of the logical channel (LCH) that triggered the request, so that gNB can better prioritize UL resources for the request.  This requirement applies to all possible numerologies and hence should be a critical requirement for possible SR enhancements. 
· Reduce scheduling latency.  As proposed in several previous contributions, enhanced SR may include some type of information on the buffer status of the logical channel (LCH) that triggered the request, so that gNB can allocate appropriate amount of resources right away for the UE.  Once UE receives its UL grant, it can transmit data directly without delay. This enhancement therefore is most relevant to high priority LCHs but has marginal benefits for those that are less delay sensitive (e.g. DRBs using eMBB service).  However, we do not believe this enhancement is very critical for high-priority LCH either, because alternative approach might be used.  For example, after receiving a SR, the eNB may over-allocate resources in its first grant to the UE, so that the UE can transmits its data directly after receiving the grant.  Since high-priority LCHs tend to have small amount of data to send most of time, this over-allocation likely will not result in significant overhead.  
· To achieve ultra-reliability and low latency, SR for URLLC service needs to have the compatible level of reliability and latency performance as its data.  However, the SR design in the LTE baseline does not meet those requirements.  For example, currently the minimum configurable period of a SR is 1ms, and the reliability of a SR is lower than the reliability requirement of URLLC service. Therefore, we believe a new SR format should be designed for URLLC.  If a UE is configured with URLLC and other numerologies, then for efficiency reason, this special SR should be dedicated to URLLC only.  This SR could have either multiple bits or just one bit, depend on RAN1’s final design.    
Proposal 1.  URLLC should have its own PUCCH format for SR, which should have compatible reliability and low latency as required for URLLC data.  
Observation 1.  For other numerologies, service differentiation is critical for SR enhancement.  Reducing scheduling latency is useful but not critical.  

2.2 SR enhancements for non-URLLC numerologies
In this section, we focus on numerologies other than URLLC and discuss options available to support the motivations described in 2.1.
2.2.1 What should a SR indicate
We think the first question one needs to answer is what a single SR should indicate to gNB.  There are two possible answers, i.e. whether it should be the numerology that UE wants to receive the grant on or the priority of the LCH that triggered the request. Or they can be rephrased as whether it is up to gNB or UE to decide which numerology should be used to schedule the new data. 

· Option A-1.  UE decides.  When scheduling request is triggered by new data in a LCH, UE chooses one of the numerologies to which that LCH is mapped.  It then sends the SR associated with the target numerology.  gNB always allocates grants on the numerology indicated by the SR it receives.  

· Option A-2.  gNB decides.  When scheduling request is triggered by new data in a LCH, UE indicates the priority of that LCH, or some condensed version of that priority (e.g. its logical channel group), by sending a SR associated with that priority level.  After receiving the SR, gNB decides on which numerology it should give the UE a UL grant, based on the priority indicated by the SR. 
Option A-1 gives UE flexibility in choosing which numerology to transmit new data. But it does not give the gNB an accurate indication of the priority level of the new data, which is important for the scheduler at the gNB.  This issue is especially relevant because LCHs with a wide range of priority levels may be mapped to the same numerology. In that case, indication of the numerology alone is not enough for gNB to decide which priority it should use to schedule the UE.  Another argument against this approach is that if a UE is configured with only one numerology, then indicating the numerology alone is no different from using a baseline SR and provides no enhancement to the scheduling.
On the other hand, in Option A-2, after receiving priority indicated by a SR, gNB can easily map that priority to its associated numerologies and choose which of them to provide a UL grant, based on the available resources on them. Therefore, indicating priority level of the triggering LCH can greatly facilitate the scheduling at gNB and should be used in enhanced SR.
Observation 2.  An enhanced SR should indicate priority of the logical channel that triggered the request. 

2.2.2 How should a SR indicate
If the fundamental design of PUCCH in NR is not going to be much different from that in the LTE baseline, there are several possible options for a UE to indicate multiple priority levels using SRs.
Option B-1. Use multiple configuration of 1-bit SRs only.  
In this option, UE is configured with multiple 1-bit SR resources.  Each of these SR resource is associated with one priority or a group of priorities. The advantage of this option is that it uses the baseline 1-bit SR only and hence has good reliability.  However, to indicate priority levels as accurately as possible, the number of priority groups cannot be too small.  This would mean that a UE needs to be configured with several SR resources.  Although different SR resources may be configured with different periods, this option can have a considerable impact on the capacity of PUCCH and hence is not desirable. 

Option B-2. Use a multi-bit SR.
In this option, a multi-bit SR is configured for a UE, and each of its value is mapped to a group of priorities.  For example, if in RAN1’s final design a multi-bit SR supports two bits, then network can classify all LCHs’ priorities into 4 groups. The exact mapping between the values of a multi-bit SR and LCHs’ priorities can be configured by network.  
We believe this option has the following advantages:

· It requires the least amount of PUCCH resources and hence has high capacity;

· Although a multi-bit SR may be less reliable than a 1-bit SR (the exact impact on reliability will depend on RAN1’s final design), this degradation is expected to be small and thus would not have considerable impact on numerologies other than URLLC. 

· The period of this multi-bit SR can be configured based on the same criteria as in the LTE baseline. 

For these reasons, this option would require the least changes to the baseline and yet can effectively enhance the scheduling in NR. We therefore propose that it should be used as the enhanced SR.

Proposal 2.  A multi-bit SR should be used to indicate the priority of the logical channel that triggered the request.  
2.2.3 Configuring SRs for multiple numerologies
The above proposals do not preclude the possibility that multiple SRs are configured for a UE, which could be useful in certain use cases.  For example, if a network operator prefers to have numerology as an additional dimension for scheduling request, it can configure multiple SRs for a UE.  Each of these SRs, which is either a multi-bit or a 1-bit SR, may be configured to represent either one or a group of numerologies.  For example, SR resource #1 is associated with numerology #1 and #2, SR resource #2 is associated with numerology #3, and so on.  If a multi-bit SR is configured for a numerology, its values should be mapped to the specific set of priorities associated with that numerology, because different numerologies may carry different set of priorities.

On the other hand, we believe such a configuration should be an option, instead of a mandatory requirement, to give networks more flexibility in supporting a wide range of deployment scenarios.  

Proposal 3.  Network should have the option to configure multiple SRs for a UE.  Each of these SRs, which can be either a multi-bit SR or a 1-bit SR, may be configured to represent either one or a group of numerologies. 

Proposal 4.  Network should have the option to configure the mapping between the values of a multi-bit SR and priorities of logical channels on a per-SR basis.
The period configured for a SR directly affects scheduling latency.  For this reason, if a SR is configured to represent a numerology, its period should be no more than the latency requirement of those services that numerology.   
Proposal 5.  If a SR (either multi-bit or 1-bit) is configured to represent a set of numerologies, its period should be no more than the minimum latency requirement of the services supported by those numerologies.
3 Summary
Based on the above discussions, we recommend RAN2 discusses the following proposals:
Proposal 1.  URLLC should have its own PUCCH format for SR, which should have compatible reliability and low latency as required for URLLC data.
For other numerologies,

Observation 1.  For other numerologies, service differentiation is critical for SR enhancement.  Reducing scheduling latency is useful but not critical.  

Observation 2.  An enhanced SR should indicate priority of the logical channel that triggered the request.
Proposal 2.  A multi-bit SR should be used to indicate the priority level of the logical channel that triggered the request.  
Proposal 3.  Network should have the option to configure multiple SRs for a UE.  Each of these SRs, which can be either a multi-bit SR or a 1-bit SR, may be configured to represent either one or a group of numerologies.
Proposal 4.  Network should have the option to configure the mapping between the values of a multi-bit SR and priorities of logical channels on a per-SR basis.
Proposal 5.  If a SR (either multi-bit or 1-bit) is configured to represent a set of numerologies, its period should be no more than the minimum latency requirement of the services supported by those numerologies.
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