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1 Introduction

During RAN2 #97, it was decided to progress companies understanding of NR SR/BSR potential enhancements in an email discussion [1]. Limitations of the existing LTE SR/BSR in the context of NR diverse use cases and potential solutions were discussed during the email discussion. There seems to be aspects of common understanding between companies who expressed their views during the discussion, however there are also aspects of less convergence. This contribution discusses the issues and captures proposals to help move the discussion forward.
2 Discussion
The scheduler needs knowledge about terminals having data to transmit and therefore their needs to be scheduled for uplink resources. Hence, as a minimum, the scheduler needs to know whether the terminal has data to transmit and should be given a grant. In LTE, SR provides the minimum required functionality for the UE to indicate that it needs an uplink grant because it has data to transmit but no uplink grant. The SR is a single bit indication triggered in MAC and transmitted on PUCCH SR resources every nth subframe. The UE must be configured with an SR configuration to transmit the SR. If the UE has no UL resources allocated to it in which it could send an SR, it will instead send the SR using a random access procedure.
There is a common understanding that for NR, the SR should provide at the minimum, the same functionality as in LTE.
Proposal 1: LTE SR is taken as baseline for NR SR design.
The scheduler also needs the knowledge of the amount of data in the UE buffers and their QoS requirements so the necessary resource grant in terms of size and fulfilling QoS requirement can be assigned to the UE. The function of the BSR in LTE is for the UE to report the amount of available data in the UE to the eNB. The eNB can then use this information to set size of the UL grant. To provide the information on QoS for which the grant is being requested, logical channels are grouped together in logical channel groups. A BSR is triggered if data becomes available in an LCG and all other LCGs have no data, or if data belonging to a logical channel with a higher priority than all other LCGs becomes available, or if there is room in the MAC PDU to send a BSR instead of padding. There are also two timers which upon expiry trigger BSR. A BSR contains information on the amount of data available per logical channel group. The BSR is carried as a MAC CE in a MAC PDU.
There is a common understanding that for NR, the BSR should provide at the minimum, the same functionality as in LTE, this makes sense since at the minimum, NR has to support LTE use cases.

Proposal 2: LTE BSR is taken as baseline for NR BSR design.
A follow-up question is whether NR SR/BSR should provide additional functionality than that of LTE. The LTE SR function is mainly designed to provide UE with grant for BSR transmission which in turn provide somewhat more details to the eNB for UL resource grants assignment to the UE. However, this simplicity of LTE SR has its limitations. 
One key issue with SR/BSR based UL dynamic scheduling is the latency of UL data transmission which might not be acceptable for some of the NR use cases; e.g. URLLC. The periodicity of the PUCCH SR resources is one key contributors to the latency of LTE SR/BSR based UL dynamic scheduling.  Assuming latency of SR/BSR is an issue, one possibility will be to transmit directly BSR and skip SR transmission or to not use dynamic UL scheduling for URLLC UL data. Either of these two options requires UL grant free transmission over either dedicated resource i.e. no contention, or contention based UL grant free transmission like contention based SPS. Another possibility is to reduce SR latency for e.g. with shorter SR resources periodicities. Any of these potential solutions has dependency on RAN1 design. 
Observation 1: Whether or not the latency of UL dynamic scheduling of the LTE SR/BSR baseline is an issue for NR URLLC use cases has dependency on RAN1 design.
A second issue is the need for the gNB to know the numerologies and/or TTIs mapped to the logical channel for which the resource grant is being requested in order to avoid situations where the assigned resource grant is unusable at the UE or to avoid over-provisioning of resource grants. As per RAN2 past agreements, gNB knows which numerologies and/or TTI durations a logical channel is mapped to.  
Observation 2: gNB knows which numerologies and/or TTI durations a logical channel of a radio bearer is mapped to and can avoid situations where assigned resource grants is unusable at the UE.
A third issue is the granularity of the existing LTE LCG based BSR reporting. Four LCGs are specified in LTE and two BSR formats are specified, the short BSR which includes BSR for only one LCG and the long BSR which includes four buffer size fields one for each of the four possible LCGs. It is unclear whether this is future proof and sufficient to efficiently handle the diverse QoS use cases without a systematic over-provisioning of resource grants, a situation that might be worse in the context of NR. However, we view this as an optimization issue to the LTE BSR function. The basic LTE BSR can still work for NR although it might not be optimal for e.g. each of the main use cases may be mapped to a dedicated LCG. Putting aside URLLC use case, LTE SR/BSR can be used as is for other NR use cases such as eMBB and mMTC.
Observation 3: LTE SR/BSR based dynamic grant assignment mechanism can be used as is for the use cases involving only eMBB and/or mMTC applications.
Observation 4: Putting aside latency issue, LTE SR/BSR based dynamic grant assignment mechanism can be used as is for use cases involving eMBB and/or URLLC and/or mMTC. 

Observation 5: Without further enhancement to LTE BSR function, systematic over-provisioning of resource grant may be worst.
Proposal 3: As a first priority, RAN2 work should focus on non-latency related enhancements to LTE SR/BSR baseline:
a. Increase granularity of BSR: examples include increasing BSR granularity for e.g. increase the number of bits in the BS field, increasing the number of LCGs, reporting BSR per logical channel, numerology specific BSR, and revisiting BSR triggers to avoid mismatch between UE and gNB.
b. Provide numerology information to gNB so it can select on which numerology to grant resources. The focus here will be mainly to avoid situation where grant allocated by the gNB is unusable by the UE.
Proposal 4: RAN2 shall wait for further progress in RAN1 before working on latency related enhancements to LTE SR/BSR baseline. 
· Latency related potential enhancements include reduction of SR transmission latency, early indication to gNB of service or numerology and/or TTI for which grant is being requested, UL grant free transmission of BSR over dedicated resources (i.e. no contention), or contention based UL grant free transmission of BSR (e.g. contention based SPS transmission or contention based RACH transmission). 
Regarding early indication to gNB of service or numerology and/or TTI for which grant is being requested, one family of solution is to indicate to the gNB early on during the SR/BSR procedure, the numerology and/or TTI for which grants is being request using SR. To this end, solutions proposed by companies and discussed in the email discussion [1] include solutions such as multibits SR solutions, or UE configuration with multiple SRs (e.g. different SR periodicities per services or per numerology, different SR resources per service or per numerology). From RAN2 perspective, all these options are technically feasible.
If RAN2 decides to liaise RAN1, RAN2 should inform RAN1 that both multibits SR solutions and multiple SR configurations solutions are all feasible from RAN2 perspective. 

Proposal 5: If RAN2 decides to liaise RAN1, RAN2 should inform RAN1 that both multibits SR solutions and multiple SR configurations solutions are all technical feasible solutions from RAN2 perspective.
Similarly, contention free transmission and contention based transmission (e.g. SPS, contention based RACH) are all technically feasible solutions from a RAN2 perspective for BSR transmission.
If RAN2 decides to liaise RAN1, RAN2 should inform RAN2 that contention free transmission of BSR and contention based transmission (e.g. SPS, contention based RACH) of BSR are technically feasible solutions from a RAN2 perspective.

Proposal 6: If RAN2 decides to liaise RAN1, RAN2 should inform RAN2 that contention free transmission of BSR and contention base transmission (e.g. SPS, contention based RACH) of BSR are technically feasible solutions from a RAN2 perspective.
3 Conclusion

In this contribution, we discuss some SR/BSR enhancements in light of the email discussion [1] and capture a few proposals to help move the discussion forward:

Proposal 1: LTE SR is taken as baseline for NR SR design.
Proposal 2: LTE BSR is taken as baseline for NR BSR design.
Observation 1: Whether or not the latency of UL dynamic scheduling of the LTE SR/BSR baseline is an issue for NR URLLC use cases has dependency on RAN1 design.
Observation 2: gNB knows which numerologies and/or TTI durations a logical channel of a radio bearer is mapped to and can avoid situations where assigned resource grants is unusable at the UE.
Observation 3: LTE SR/BSR based dynamic grant assignment mechanism can be used as is for the use cases involving only eMBB and/or mMTC applications.
Observation 4: Putting aside latency issue, LTE SR/BSR based dynamic grant assignment mechanism can be used as is for use cases involving eMBB and/or URLLC and/or mMTC. 

Observation 5: Without further enhancement to LTE BSR function, systematic over-provisioning of resource grant may be worst.
Proposal 3: As a first priority, RAN2 work should focus on non-latency related enhancements to LTE SR/BSR baseline:
a. Increase granularity of BSR: examples include increasing BSR granularity for e.g. increase the number of bits in the BS field, increasing the number of LCGs, reporting BSR per logical channel, numerology specific BSR, and revisiting BSR triggers to avoid mismatch between UE and gNB.
b. Provide numerology information to gNB so it can select on which numerology to grant resources. The focus here will be mainly to avoid situation where grant allocated by the gNB is unusable by the UE.
Proposal 4: RAN2 shall wait for further progress in RAN1 before working on latency related enhancements to LTE SR/BSR baseline. 
· Latency related potential enhancements include reduction of SR transmission latency, early indication to gNB of service or numerology and/or TTI for which grant is being requested, UL grant free transmission of BSR over dedicated resources (i.e. no contention), or contention based UL grant free transmission of BSR (e.g. contention based SPS transmission or contention based RACH transmission). 

Proposal 5: If RAN2 decides to liaise RAN1, RAN2 should inform RAN1 that both multibits SR solutions and multiple SR configurations solutions are all technical feasible solutions from RAN2 perspective.
Proposal 6: If RAN2 decides to liaise RAN1, RAN2 should inform RAN2 that contention free transmission of BSR and contention base transmission (e.g. SPS, contention based RACH) of BSR are technically feasible solutions from a RAN2 perspective.
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