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1. Introduction

In RAN2 97 bis meeting, following agreements regarding SR/BSR enhancement are reached:

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
2. Discussion on current L1 UL scheduling delay
In current LTE, UL grant-based transmission is triggered by Scheduling Request (SR) which is carried in PUCCH format 1. This SR indicates eNB new data is available on the UE side for UL transmission. eNB then can schedule PUSCH for UE transmission of at least Buffer Status Report (BSR). With BSR, the total amount of data is known for eNB and eNB can then schedule PUSCH for transmission of data. This SR-to-BSR mechanism was designed in release-8 to achieve balance between resource allocation efficiency and scheduling delay. However, when the UL scheduling delay is the concern such as in URLLC scenario, the above procedure can be optimized to reduce the scheduling delay for UL grant-based transmission. For example, if the amount of information for UE to transmit can be carried in SR [2],  eNB can schedule PUSCH for actual UL transmission without waiting for BSR. Then the expected UL scheduling delay can be effectively decreased.
Observation 1: Optimization on SR-to-BSR mechanism is helpful to reduce UL scheduling delay
For efficient UL scheduling, eNB needs to know the uplink CSI, which is usually obtained though SRS sent from UE. Although it is indeed possible that eNB can schedule UL transmission without UL CSI, for example, eNB can use conservative MCS for UL scheduling, when there are large amount of data for UL transmission, scheduling with conservative MCS can actually produce additional transmission delay compared with scheduling according to UL CSI because UL CSI can make the best use of channel potential for UL transmission. Following current UL scheduling procedure, eNB can schedule SRS after receiving BSR. When UL CSI is available, eNB can then start to schedule UL transmission. Thus SRS scheduling & transmission also constitutes part of UL scheduling delay, which could be considered for further optimization.  
Observation 2: SRS scheduling & transmission also constitutes part of UL scheduling delay, which could be considered for further optimization
For reducing URLLC UL delay due to uplink scheduling, there could be two possible ways: one is the so-called UL grant-free transmission [3]; the other is to optimize current SR-to-BSR procedure [2].  For UL grant-free transmission, delay due to UL scheduling is eliminated but there could be some cost on the resource efficiency & reliability. Because system needs to reserve resource for UL transmission without grant and unless SPS like pre-scheduling is used, collision due to grant-free transmission is unavoidable. For the way to optimize current SR-to-BSR procedure, resource efficiency & reliability can be expected to be maintained as similar level of current UL grant based transmission. But the UL scheduling delay can be decreased compared to current UL grant based transmission, while it should be longer than that of grant-free transmission. From the above analysis, it is seen that UL grant-free transmission & UL grant-based transmission with optimization of current SR-to-BSR procedure are actually complementary to each other. 

Observation 3: UL grant-free transmission & UL grant-based transmission with optimization of current SR-to-BSR procedure are actually complementary to each other

3. Discussion on options for SR enhancement
Following RAN2 agreements, the SR enhancement should aim to carry more information. We see two options:

Option-1: Multi-bit SR
This solution [2] is to allow SR to carry more than one bit. For example, if the service type UE is requesting, eMBB or URLLC, can be carried by SR, eNB can perform more efficient scheduling. But current PUCCH format 1 can only carry 1-bit information. So to achieve the above design target, the SR should use different or new PUCCH format. When considering multi-bit SR solution, it should guarantee the same detection reliability as current SR solution, which is however not so obvious. For current SR detection, eNB only needs to detect ON/OFF state for PUCCH format 1. With multi-bit SR, the fails detection probability may be increased compared with 1-bit solution. 
Option-2: Multi-resource SR
This solution can retain current SR format. But eNB can configure multiple SR resource for a connected mode UE. For example, eNB can configure two SR resources for a UE: one resource for SR of eMBB type of service and the other resource for SR of URLLC type of service. A connected mode UE can utilize different SR resource to indicate eNB different service type. As multiple resources can carry additional information implicitly, current SR format can be re-used for each of configured resource. But the resource efficiency of this solution is lower than Option-1 because eNB has to reserve multiple resources for one UE.
With all the above analysis, it is difficult to conclude which option is better. But these two options can be the starting points for RAN1 SR enhancement studying. 

Proposal: RAN1 can study SR enhancement with two options: Multi-bit SR and Multi-resource SR
4. Conclusions
In this contribution, we study current UL scheduling delay and discuss possible solutions for SR enhancement. We have following observations and proposal: 
Observation 1: Optimization on SR-to-BSR mechanism is helpful to reduce UL scheduling delay
Observation 2: SRS scheduling & transmission also constitutes part of UL scheduling delay, which could be considered for further optimization
Observation 3: UL grant-free transmission & UL grant-based transmission with optimization of current SR-to-BSR procedure are actually complementary to each other
Proposal: RAN1 can study SR enhancement with two options: Multi-bit SR and Multi-resource SR
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