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1. Introduction
RAN2 has successfully accomplished the e-mail discussion related to uplink scheduling “[97#62][NR] SR/BSR enhancements (Ericsson)” and made agreeable proposals. The discussion is tightly connected with services/numerologies and physical layer structure. Based on the RAN2 consensus and agreements, the paper clarifies the procedure for uplink scheduling to efficiently support multiple numerologies.

2. Discussions
Enhancement of scheduling flexibility is the main target to specify efficient UE procedures. So NR should provide dynamic control mechanism of multiple numerologies with minimum restriction. Downlink scheduling flexibility can be easily supported without much spec impact because gNB directly schedules downlink. Additionally, gNB can send eMBB or URLLC packets anytime as UE can receive multiple TBs which have different numerologies. 
On the contrary, uplink scheduling requires additional UE procedure since UE’s transmission resources have to be allocated by gNB and it should contains numerology information. Therefore, SR, BSR, UL grant should be extended to efficiently report uplink buffer status and allocate uplink resources. In the paper, we clarify and suggest UE procedures for uplink scheduling.
2.1 SR 

During the e-mail discussion [97#62][NR], RAN2’s consensus is to introduce multi-bit SR. However, we think it is premature to decide the mechanism since it was not discussed in RAN2 meeting yet. Besides, RAN1 still didn’t finalize the frame structure discussion, hence it needs further discussion in RAN2 in more detail.
Our view is that each numerology can be mapped to single-bit SR for indicating UE’s buffer status and it would lead to introduce multi-bit SR for multiple numerologies. Also, it should be introduced especially for URLLC services as it can reduce latency of identifying buffered data type. However, time/frequency resources can be used for configuring SRs for multiple numerologies. So, we prefer a more discussion in RAN2 is needed for justifying use cases and procedures for multi-bit SR. 
Proposal 1. To introduce multi-bit SR, more discussion is needed in RAN2 meeting.

2.2 BSR 

We support the LTE BSR procedure is the baseline of NR as the framework is broadly used such as D2D, NB-IoT. Based on the procedure, the number of LCGs in a MAC CE would be increased to convey more information for multiple numerologies/services. However, additional priority information may not be included in NR BSR since logical channel is preconfigured to numerology by RRC signaling. gNB can distinguish traffic types and priorities by using the LCG information.
One exceptional feature is that a single logical channel can be mapped to multiple numerologies/TTI duration. It needs more discussion because the data can be selectively delivered via different numerologies by UE operation (scheduling or priority handling). Thus, we should consider how to specify UE operations related to uplink scheduling or priority handling of multiple numerologies. For example, when UE receives a UL grant after sending a BSR containing LCGs mapped to multiple numerologies, the UE may change the gNB’s intention and convey prioritized data early by recalculating its buffer status.
Proposal 2. LTE BSR procedure is baseline and the number of LCGs is increased to convey more information. 

Additional enhancement can be considered to efficiently send BSR by considering multiple numerologies. BSR MAC CE can be transmitted via any numerologies as the MAC CE would has a higher priority. In the case, many BSR MAC CEs may consume URLLC resources, so it needs to reduce redundant buffer status information. As an example, LCG information for URLLC is prioritized and other information is omitted when the BSR is conveyed via URLLC resources especially for Long BSR. The decision can be performed by UE and unchanged buffer status information can also be skipped.
Proposal 3. The number of LCGs for reporting can be determined by UE to reduce MACE CE size.

2.3 UL Grant 

As logical channel’s TTI lengths are different on multiple numerologies, eNB can allocate multiple UL grants during a long TTI duration. So for efficient uplink scheduling, a field for indicating numerology is essential in UL grant. Then UE can identify received UL grants by using the field and allocate buffered data. 
Moreover, priority handling is needed for URLLC packets considering latency. So, gNB should consider traffic type (eMBB, URLLC), retransmission, and configured UL grant (Short SPS) while scheduling. To allow the dynamic uplink transmission, UE may have to suspend/skip eMBB (longer TTI) data transmission during sending higher priority packet. For example, URLLC packets transmitted by Short SPS (LTE Rel-14) scheme, uplink control channels may be prioritized.
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Figure 1. UL transmission
Proposal 4. URLLC packets should be prioritized and eMBB packets transmission may be suspended.

3. Conclusion
The paper has described the procedure for uplink scheduling to efficiently support multiple numerologies on NR systems and suggested the following proposals:
Proposal 1. To introduce multi-bit SR, more discussion is needed in RAN2 meeting.

Proposal 2. LTE BSR procedure is baseline and the number of LCGs is increased to convey more information. 

Proposal 3. The number of LCGs for reporting can be determined by UE to reduce MACE CE size.

Proposal 4. URLLC packets should be prioritized and eMBB packets transmission may be suspended.
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