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Introduction
SR for URLLC (L-SR) has more stringent requirement on latency and reliability than SR for eMBB (N-SR). During Rel-14 NR SI, the following agreement has been made [1],· For URLLC, time interval between SR resources configured for a UE can be smaller than a slot.

This contribution discusses a design for supporting both L-SR and N-SR.

Discussion
SR in LTE
In LTE PUCCH format 1, the SR uses simple ON/OFF keying. By using different cyclic shifts, an SR can be multiplexed in a PUCCH RB with SRs and/or HARQ ACK/NACKs and/or CSI from other UEs. Fig. 1 illustrates the maximum number of cyclic shifts in a PUCCH RB. Due to the non-orthogonality of propagation channels between different UEs, the number of multiplexed cyclic shifts impacts the BER performance of SR; the more the number, the lower the SNR. To some extent, the reliability performance can be adjusted by changing the number of multiplexed cyclic shifts in addition to transmission power boosting.
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Fig. 1 Multiplexing cyclic shifts in PUCCH RBs


SRs for URLLC and eMBB
LTE PUCCH format for SR can be a start point as the design for SR in NR. Moreover, it is desirable that gNB can distinguish L-SR and N-SR and schedule PUSCH based on the requirement of latency. For such a purpose, TDM, FDM and CDM (Cyclic shifts) can be studied. Considering that there should be a configuration L-SR with the resources in all the timing, TDM may be used together with FDM and/or CDM but TDM only solution is not realistic. As for FDM and/or CDM of L-SR and N-SR, from the viewpoint of resource allocation, the following three options can be considered,
Option (1): Using different PRBs
Option (2): Using different cyclic shifts in a same PRB
Option (3): Using the same cyclic shift and the same PRB
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Fig. 2: an example for option (3), using different constellation signals


Due to the simplicity of options (1) and (2) based on SR design in LTE, we only show an example for option (3) in Fig. 2. Compared to other options, option (3) requires the eNB to perform the additional process of polarity detection. That degrades BER performance in terms of SNR, meaning that option (3) provides smaller coverage of SRs compared to other options. In addition, L-SR may have further smaller coverage than N-SR because power boosting is needed to meet the requirement of high reliability. In conjunction with power boosting, on the other hand, option (2) efficiently achieves different reliability between L-SR and N-SR. That utilizes multiplexing of fewer cyclic shifts in a PRB for L-SR than that for N-SR. Note that this method cannot be applied to option (1) or option 3 (3). Therefore option (2) is the first choice to be picked up from the viewpoint of maximizing coverage of L-SR. 

Observation 1: A gNB needs to be able distinguish L-SR and N-SR to flexibly schedule PUSCH based on different requirements of latency.
Observation 2: L-SR multiplexed with N-SR, even with higher transmission power targeting high reliability, may result in smaller coverage. By assigning L-SR and N-SR in different PRBs, a reduction in the number of multiplexed cyclic shifts can be used as a solution to enable high reliability of L-SR without additional negative impact on coverage.

Proposal: NR supports two separate configurations of SR for a single UE. These two configurations can use different resources in the frequency domain.

Conclusions
This contribution discussed design for SRs for URLLC and eMBB. Observations and proposal are made as follows,

Observation 1: NR needs to distinguish L-SR and N-SR to flexibly schedule PUSCH based on different requirement of latency.
Observation 2: L-SR multiplexed with N-SR, even with higher transmission power targeting high reliability may result in smaller coverage. By assigning L-SR and N-SR in different PRBs, a reduction in the number of multiplexed cyclic shifts can be used as a solution to enable high reliability of L-SR without additional negative impact on coverage.

Proposal: NR supports two separate configurations of SR for a single UE. These two configurations can use different resources in the frequency domain.
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