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1 Introduction

For low latency UL transmission, minimizing scheduling delay including latency for SR transmission is important. Therefore, the following agreement was made to minimize potential latency for transmitting SR in RAN1 Ad-hoc meeting.
Agreements:
· Time interval between SR resources configured for a UE can be smaller than a slot

According to agreement, NR can support a shorter periodicity for SR transmission (e.g. a mini-slot) so that the overall latency of UL transmission can be reduced compared to the LTE. This contribution considers design aspects of scheduling request for URLLC.
2 Discussion
In LTE the function of SR is for a UE to indicate the network that new data is available on the UE for UL transmission. The SR is triggered and transmitted on PUCCH on the configured resources for SR transmission. Then, a gNB may schedule PUSCH at least for transmission of Buffer Status Report (BSR). With the BSR, the gNB can schedule PUSCH for data transmission according to the BSR. According to the above SR procedure, balance between resource allocation efficiency and scheduling delay can be achieved.
In NR, eMBB and URLLC may be supported for a UE simultaneously, and it is also possible that URLLC and eMBB can be deployed using different numerologies to meet the requirement. In this case, it may be required that an UL grant can be allocated with appropriate size and numerology based on underlying QoS requirements. Therefore, enhanced SR mechanisms for NR may need to be considered. Conceptually, the idea is for the SR framework to be modified to allow differentiation in uplink grant requirement for different QoS (e.g. URLLC) or numerology. It could either mean sending more information using the SR itself, or sending the SR more frequently and/or on different resources. It could also mean configuring multiple SR resources per UE. In summary, followings are considered for SR enhancements and its trade-off are also summarized in the following Table.

	
	Descriptions
	Pros
	Cons

	Option 1 (Single-bit SR with single SR configuration)
	- SR mechanism from LTE is adopted for NR
	- No RAN1/RAN2 standardization effort required

- Low latency requirement may be satisfied by short SR periodicity
	- Further analysis required whether NR KPIs are met

	Option 2

(Single-bit SR with multiple SR configuration)
	- Each PUCCH transmission carries only 1 bit for SR

- Different numerologies/QoS are mapped onto designated SR resources
	- Minimal RAN1/RAN2 standardization effort required

- Low latency requirement may be satisfied by short SR periodicity and/or separate SR resources
	- Further analysis required whether NR KPIs are met

	Option 3

(Multi-bit SR with single SR configuration)
	- 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 and/or QoS of the UL traffic (and potentially BSR) based on contents of SR message
	- Potentially significant information on the buffer status (if supported) can be conveyed through SR

- Buffer status information can be conveyed for multiple numerologies using a single SR resource
	- Introduces additional standardization effort for RAN1/RAN2, with multiple SR PUCCH formats being required to be defined by RAN1

- PUCCH overhead can be quite significant

- Further analysis required whether NR KPIs are met


For low latency requirements, shorter SR periodicity (e.g. mini-slot level) is required for a UE regardless of number of bits in SR. Although it increases overhead for SR it may not be avoidable for URLLC. With a single-bit SR, additional latency for BSR transmission might be expected if a gNB schedule PUSCH just for BSR transmission. A gNB may schedule PUSCH resources sufficiently for transmitting BSR and (potential) URLLC data at the same time, resource efficiency may be decreased when the UE does not have URLLC data to be transmitted. Depending on multi-bit SR design, SR/BSR can be transmitted at the same time. However, overhead should be carefully considered if multi-bit SR is introduced. If the overall overhead of multi-bit SR is not marginal, the motivation to introduce multi-bit SR is not clear. One other justification to have multi-bit SR may be to support identification of multiple numerologies. However, it can also be realized by single-bit SR. For example, SR can be configured per numerology. In addition, it should be carefully evaluated how many resources are required for transmitting multi-bit SR with high reliability considering aspects of UE multiplexing capacity.
Grant-free UL transmission for SR transmission can also be considered. Similar to contention free RACH procedure, the gNB can assign the dedicated RS (similar to preamble) to the URLLC UE, when the UE sends the SR by using the assigned RS, it could avoid the contention with other UE at least for the RS detection. According to configurations of SR resource, balance between latency and resource efficiency can be provided. Details could be found in our companion contribution [2]. However, the reliability should also be carefully evaluated.
Based on above observations, it is proposed that single-bit SR should be a baseline for NR SR design. Further study is required whether multiple SR configurations are required including the other alternatives.
Proposal: Single-bit SR can be a baseline for NR SR design, and consider other alternatives (e.g. multiple SR configurations, grant-free SR, etc).

3 Conclusions 

This contribution discusses design aspects of NR SR design and propose the following based on the discussion:
Proposal: Single-bit SR can be a baseline for NR SR design, and consider other alternatives (e.g. multiple SR configurations, grant-free SR, etc).
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