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1.	Introduction
In e-mail discussion [96#28], RAN2 discussed numerology impact on MAC in terms of numerology configuration, HARQ, LCP, DRX, BSR/SR, and PHR. The agreements as a result of the e-mail discussion is captured as below:
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
In this contribution, we discuss some further aspects related to LCP supporting different numerologies.

2.	Discussion
Issue 1. Retransmission and numerology/TTI duration
In NR AH#1, RAN2 agreed that LCP takes into account the mapping of logical channel to one or more numerology/TTI duration. The intention was that an uplink grant associated with a specific TTI duration can be used only for the transmission of a MAC PDU including the data from logical channels which are mapped to that specific TTI duration. 
As MAC performs LCP to generate a MAC PDU for a new transmission, the agreement would read that, for a new transmission, the MAC PDU should include only data from logical channels that are mapped to the TTI duration associated with the uplink grant.
In the meanwhile, RAN1 may decide that HARQ retransmission can be performed across different numerologies and/or TTI durations. Then, it needs to be discussed whether the retransmission can be performed across any numerology/TTI duration or the retransmission can be performed only across a numerology/TTI duration which is commonly mapped to all logical channels included in the MAC PDU.
Considering the original intention of mapping a logical channel to one or more numerology/TTI duration, it doesn’t make sense to respect the mapping only for the new transmission and allow retransmission across any numerology/TTI duration. 
Proposal 1. Retransmission also takes into account the mapping of logical channel to one or more numerology/TTI duration.
In order to respect the mapping in retransmission as well as in new transmission, there could be two approaches:
· Option 1. An uplink grant is associated with one specific numerology/TTI duration. For new transmission, MAC PDU is generated by including logical channels that are mapped to the numerology/TTI duration of the uplink grant. For retransmission, an uplink grant should be associated with a numerology/TTI duration that is commonly mapped to all logical channels included in the MAC PDU.
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Figure 1. An example of Option 1

· Option 2. An uplink grant is associated with one specific numerology/TTI duration but additionally indicates a set of numerologies/TTI durations. For new transmission, MAC PDU is generated by including logical channels that are mapped to the set of numerologies/TTI durations of the uplink grant. For retransmission, an uplink grant should be associated with a numerology/TTI duration that is commonly mapped to all logical channels included in the MAC PDU.
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Figure 2. An example of Option 2.

For retransmission, in both of Option 1 and 2, it is left up to the network to provide uplink grant associated with a TTI duration which is commonly mapped to all logical channels included in the MAC PDU. This implies that the UE should use only the uplink grant associated a numerology/TTI duration that is mapped to all logical channels included in the MAC PDU. If the UE receives an uplink grant associated a numerology/TTI duration that is not mapped one of logical channels included in the MAC PDU, the UE should not use the uplink grant, i.e., ignore the uplink grant as it is an error case.
The benefit of Option 2 is that it allows more flexibility in providing uplink grant for retransmission. In the above example, Option 1 has no choice but to provide an uplink grant with TTI 1 for retransmission whereas Option 2 allows an uplink grant with TTI 2 for retransmission. For Option 2, uplink grant needs to indicate a set of numerologies/TTI durations at least for new transmission, which would have an impact on uplink grant design in RAN1. However, as RAN1 anyway needs to design a new uplink grant by considering numerology/TTI duration, it wouldn’t be a big problem.
Given that RAN1 is still under discussion of retransmission across different numerologies/TTI durations, we would like to suggest that:
Proposal 2. If RAN1 decides to support retransmission across different numerologies/TTI durations, RAN2 needs to study how to respect the mapping of a logical channel to one or more numerologies/TTI durations in retransmission.

Issue 2. Tocken-bucket model in LCP
Supporting multiple numerologies/TTI durations, RAN2 may need to discuss tocken-bucket model in LCP. 
In token-bucket model, bucket for a logical channel (Bj) is increased every TTI by PBR x TTI duration. Every time when a MAC SDU of the logical channel is included in a MAC PDU, bucket is decreased by the amount of scheduled MAC SDUs. 
Configuring multiple numerologies/TTI durations for an RB (logical channel), one question is whether the UE increases or decreases the bucket of the logical channel based on 1ms TTI duration as in LTE or configured TTI duration ? Using 1ms TTI duration for bucket increase/decrease may have an impact on the amount of resource that can be allocated to a logical channel in scheduling based on shortened TTI duration. In addition, if multiple numerology/TTI durations are configured for a logical channel, there should be a common understanding which numerology/TTI duration is to be used for bucket increase/decrease, e.g., based on the minimum numerology/TTI duration of the logical channel.
Proposal 3. RAN2 discuss how to perform bucket increase/decrease by considering multiple numerologies/TTI durations.


3.	Conclusion
In this contribution, we discuss the numerology impact on LCP by considering the retransmissions and further aspect to be studied in LCP, and propose the followings:
Proposal 1. Retransmission also takes into account the mapping of logical channel to one or more numerology/TTI duration.
Proposal 2. If RAN1 decides to support retransmission across different numerologies/TTI durations, RAN2 needs to study how to respect the mapping of a logical channel to one or more numerologies/TTI durations in retransmission.
Proposal 3. RAN2 discuss how to perform bucket increase/decrease by considering multiple numerologies/TTI durations.
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