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1. Introduction
Supporting multiple numerologies is the key feature of New Radio Access and RAN1 has been actively discussing the issue from the initial SI stage. RAN2 has started the discussion on services/numerologies and it is tightly related with network slicing and RAN1 discussion. The paper tries to clarify the procedure to efficiently support multiple numerologies in NR.
2. Discussions
According to the RAN2 decision, RAN2 only considers numerology/TTI duration as higher layer configuration parameter and more information will be added after the RAN1 discussion is accomplished. In addition, RAN2 decided the mapping rule between logical channel and numerology/TTI duration as follows:

RAN2 NR adhoc Agreements

1: a single logical channel can be mapped to one or more numerology/TTI duration. 

2: ARQ can be performed on any numerologies/TTI lengths that the LCH is mapped to. 

3: The RLC configuration is per logical channel without dependency on numerology/TTI length.

4: Logical channel to numerology/TTI length mapping can be reconfigured via RRC reconfiguration.

5: RAN2 will leave RAN1 to decide whether HARQ retransmission can be performed across different numerologies and/or TTI durations. 

6: wait for more details from RAN1 to decide whether HARQ configuration, if any, needs to be numerology/TTI duration specific.

7: a single MAC entity can support one or more numerology/TTI durations. 

8: LCP takes into account the mapping of logical channel to one or more numerology/TTI duration. Details of LCP will be discussed in the WI phase

Based on the RAN2 agreement and RAN1 decision, the paper clarifies UE procedures for supporting multiple numerologies focusing on RAN2 issues.

2.1 Idle mode procedure
UE’s initial access procedure would be the starting point to progress the discussion on multiple numerologies. Generally, cell provides channels/signals for UE’s cell selection and initial access, e.g. system information, random access channels. In addition, a NR cell supports multiple numerologies by providing multiple TTI durations. Based on the assumption, UE should choose one numerology during the initial access. In the scenario, it is better to introduce the default numerology concept in the idle mode UE procedure. For example, UE selects one carrier frequency and one numerology during cell (re)selection process. We think the UE should use the (default) numerology until the initial access procedure is successfully accomplished.
To provide the concept, network should provide channels/signals for UE’s cell selection and initial access by using the default numerology. More specifically, cell provides PSS/SSS, system information channels, preambles with one numerology. The suggestion includes the numerology doesn’t changed during random access procedure. For URLLC service, eNB’s response (e.g. Msg2, Msg4) time and backoff time can be specifically configured for URLLC UEs.
Proposal 1. UE uses default numerology during the initial access procedure.

Based on the proposal, we think UE’s idle mode procedure should use the default numerology until cell reselection process and idle mode mobility are performed. So, paging channel uses the default numerology and selected carrier frequency. The default numerology should be changed only when UE changes cell to camps on other cell by cell reselection process.
Additionally, UE’s idle mode operation should be power efficient because the UE’s power consumption is the main issue for NR UE. To reduce the power consumption, cell’s default numerology would be configured to longer TTI duration and it depends on network implementation and frequency bands. 
Proposal 2. UE uses default numerology during the idle mode procedure.

2.2 Connected mode procedure

Enhancing scheduling flexibility would be the main target for specifying UE procedure related to multiple numerologies. Comparing with idle mode, network should support multiple numerologies dynamically for connected mode UEs with minimum limitation. On downlink, UE can receive multiple TBs which have different numerologies according to the RAN1 decision, so gNB can transmit eMBB or URLLC packets anytime. So, the scheduling flexibility can be easily supported on downlink for multiple numerologies without much impact. 
Considering uplink procedure, it needs modification of the existing procedure as gNB is responsible for scheduling uplink data. So, SR/BSR, UL grant procedure should be extended to efficiently report uplink buffer status and resource allocation. Moreover, multiple uplink grant is required for transferring URLLC packets independently with any other service packets. 
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Figure 1. UL transmission
To allow the dynamic uplink transmission, UE may have to suspend/skip eMBB (longer TTI) packet transmission during sending higher priority transmission. For example, URLLC packets transmitted by Short SPS (LTE Rel-14) scheme, uplink control channels may be prioritized.
Proposal 3. For scheduling flexibility, multiple uplink grant can be supported.

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

3. Conclusion
The paper has described the procedure to efficiently support multiple numerologies on NR systems and suggested the following proposals:
Proposal 1. UE uses default numerology during the initial access procedure.

Proposal 2. UE uses default numerology during the idle mode procedure.

Proposal 3. For scheduling flexibility, multiple uplink grant can be supported.

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