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1 Introduction
In the previous RAN1 WG meetings, the aspects related to NR URLLC support in UL were briefly discussed. The following agreements were reached.
	RAN1#86bis

· Consider further the tradeoffs for meeting URLLC requirements for the following:

· Semi-static resource allocation for UL data transmission.

· Dynamic indication of available resource (e.g., by broadcast DCI) for UL data transmission.

· Normal SR-based transmission

· Other solutions are not precluded

RAN1 NR Ad Hoc#1

· Time interval between SR resources configured for a UE can be smaller than a slot


In this contribution we discuss the aspects of URLLC scheduling request operation focusing on low latency considerations. Our views on other URLLC related aspects are provided in our companion contributions [1]-[5].
2 Enhancements for SR-Based UL URLLC Transmission
In order to support the URLLC requirements, the SR-based operation may need to be enhanced comparing to the LTE operation. In the following section we discuss the potential URLLC-specific aspects of SR design. General considerations on SR design can be found in our companion contribution [6].
2.1 SR resource – granularity and periodicity

For URLLC applications, the SR resources should be allocated with finer granularity in time (e.g. mini-slot or symbol level granularity) in order to reduce time on SR frame alignment and access time to SR resources. In LTE, the minimum SR periodicity and transmission duration is equal to 1 ms. For NR URLLC applications targeting less than 0.5 ms latency requirement, the SR resource should be allocated with much finer time granularity in time (e.g. 100us or below) to meet latency bound. At the NR AdHoc#1, smaller than slot periods of SR allocation were agreed. However, the exact granularity of SR allocation configuration is dependent of slot and mini-slots configurations. For URLLC, at least mini-slot level granularity of SR periodicity should be support in order to ensure the strict latency is achieved.
Proposal 1
· For URLLC, SR transmission duration is bounded by one symbol or URLLC mini-slot duration.

· For URLLC, SR resources are allocated with one symbol or URLLC mini-slot granularity in time.

· For URLLC, SR resources can be exclusively allocated for URLLC service only.

2.2 SR content
For URLLC applications, the SR may carry additional information about traffic/service attributes. For instance, SR may encode QoS attributes related to reliability target, latency budget or information on packet size. This information may be needed to properly handle SR request at the gNB side and process it accordingly. For instance, the UEs may have traffic that require ultra-reliable low latency communication (URLLC) or only low latency communication (LLC) w/o strict reliability targets. If gNB can distinguish URLLC SR from LLC SR it can process each SR accordingly providing proper handling for each service (e.g. prioritize URLLC UL vs LLC UL or eMBB UL transmissions).
In general, the gNB may discover traffic/service attributes, when UE connects to network and register for certain service or corresponding bearers are established. From L1 perspective, there should be a unique mapping between service and SR, so that gNB (and UE) can distinguish the SR associated with given service and properly handle it. More considerations on SR/BSR enhancements are also presented in our RAN2 contribution [7].
Proposal 2
· The SR for URLLC is distinguishable from SR for eMBB or other services.
· FFS specific mechanism to distinguish SR for eMBB and URLLC.
2.3 SR physical structure

The physical structure of low latency SR should not differ from the general SR structure defined under PUCCH formats. Both short and long PUCCH formats should be able to provide the low latency SR, where the long PUCCH format can span the whole mini-slot in order to improve the link budget.
For URLLC applications with sporadic traffic, there is a limited opportunity to multiplex SR resources in time and configure time orthogonal resources to different UEs, given that it can negatively affect the overall latency budget due to frame alignment delay. Therefore in order to improve SR reliability/capacity, the FDM and CDM multiplexing approaches should be considered with higher priority although the CDM multiplexing order may be limited by the DM-RS port multiplexing. On the other hand, considering the small payload of SR it may be possible to utilize higher SCS for SR transmission and multiplex two or four SR resources within one symbol of the reference numerology. The TDM of SR transmissions from different UEs using higher SCS, can further reduce the SR processing latency but is penalized in terms of maximum link budget due to reduced transmission time. For non-power limited UEs the link budget penalty can be compensated by the increased transmission power. In addition, the utilization of higher SCS for SR transmission may be beneficial in case of TDD operation where one symbol of reference numerology can accommodate SR transmission and TX/RX switching. Therefore the utilization of the increased SCS for SR transmission should be further analyzed.
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Figure 1: SR transmission with increased SCS
Proposal 3
· Further study benefits of using higher SCS for URLLC SR transmission.

The SR resource (that may be characterized by the set of time-frequency resources, DMRS parameters) may be UE specifically configured to avoid contention on SR resources (e.g. URLLC SR resources). Given that gNB is supposed to schedule UL URLLC transmission it should be able to provide proper amount of spectrum resources and MCS. The both amount of allocated resources and MCS depend on UL TBS (packet size), which may not be known to gNB. In order to address this issue, the SR transmission may carry limited information on packet size to help gNB in dynamic resource allocation of UL URLLC transmission. In order to provide quantized information on URLLC packet size, the UE can attach it to or combine it with SR signaling. In that case, a PUCCH format can carry a simplified BSR along with the SR, as it is discussed in more details [6].
For the grant-based UL URLLC, the scheduling request transmission may become a bottleneck in overall latency if its transmission is unreliable. The main mechanisms to improve its reliability could be extraction of diversity and possible enabling of repetitions. For the repetitions, the following scheme could be considered. A UE transmits SR on SR resources until it receives a DCI or the maximum number of SR transmission is achieved. The SR resources for continuous transmission may be allocated each mini-slot or with some periodicity, as it is illustrated in Figure 2.
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Figure 2: Continuous SR transmission until grant reception.

Note, that similar behavior is supported in LTE and is controlled with parameters of maximum number of SR retransmissions and transmission prohibit timers. However, differently from LTE, NR may support a mechanism of combining on SR resources in order to enable ultra-reliability and ensure the SR is delivered with lowest latency.
Proposal 4

· Study the need for combining on consecutive SR transmissions to improve the probability of SR delivery.

3 Conclusions

In this contribution, we discussed design considerations for scheduling request in application to low latency services. Based on the analysis, we have the following proposals:
Proposal 1
· For URLLC, SR transmission duration is bounded by one symbol or URLLC mini-slot duration.

· For URLLC, SR resources are allocated with one symbol or URLLC mini-slot granularity in time.

· For URLLC, SR resources can be exclusively allocated for URLLC service only.

Proposal 2
· The SR for URLLC is distinguishable from SR for eMBB or other services.

· FFS specific mechanism to distinguish SR for eMBB and URLLC.

Proposal 3
· Further study benefits of using higher SCS for URLLC SR transmission.

Proposal 4

· Study the need for combining on consecutive SR transmissions to improve the probability of SR delivery.
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