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1. Introduction

One of the major design targets for URLLC is low latency. For uplink transmission, uplink scheduling delay constitutes an important part of delay for UL transmission. Thus how to enhance this kind of delay is one of the design directions for URLLC UL. This contribution will focus on how to reduce this kind of delay. 
2. Discussion
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. 
One way of optimization [1] is to allow SR to carry more information. For example, if the amount of information for UE to transmit can be carried in SR, then eNB can schedule PUSCH for actual UL transmission without waiting for BSR. By this means, the expected UL scheduling delay can be effectively decreased. As PUCCH resource for SR is reserved for connected mode UE, the increase of the information carried by SR will more or less decreases the PUCCH resource efficiency. So RAN1 should evaluate the suitable size of information for SR and RAN2 can decide which kind of information should be carried by SR.
Proposal: NR should support SR to carry more information. The exact information to be carried by SR is up to RAN2. 
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 1: 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 [1]; 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 2: UL grant-free transmission & UL grant-based transmission with optimization of current SR-to-BSR procedure are actually complementary to each other

3. Conclusions
In this contribution, we discuss how to optimize the scheduling delay for UL grant-based URLLC. We propose that:
Proposal: NR should support SR to carry more information. The exact information to be carried by SR is up to RAN2.
Observation 1: SRS scheduling & transmission also constitutes part of UL scheduling delay, which could be considered for further optimization
Observation 2: UL grant-free transmission & UL grant-based transmission with optimization of current SR-to-BSR procedure are actually complementary to each other
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