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Discussion and decision
1 Introduction
In RAN2#97bis[1], there is discussion about whether MAC layer is aware of the numerology, and the answer depends on the answer of the key question as below.
=>
Key question is if there cases in which a logical channel should not be mapped to a numerology even though it is the same TTI length as another numerology
Our view is that with the same TTI duration, different sub-carrier spacing (SCS) result in different channel characteritics. Therefore, to ensure that UL data could be delivered with expected QoS, MAC should be able to distinguish different numerologies. In this contribution, we propose the concept of ‘numerology index’ – each numerology index maps to a specific numerology, and the network configure UE with a mapping between logical channels and one or multiple numerology indexes. In this way, exact numerology configuration is invisable to MAC layer, but MAC layer is able to distinguish different numerology and perform LCP considering the impact of different SCS.
2 Discussion
Numerology includes TTI duration, SCS, and CP length. In LTE, TTI duration is visible to the MAC, while SCS and CP are not. In NR, it is expected to have multiple numerologies, which are configured with the combination of different TTI duration, SCS, and CP length. With only the information of TTI duration, it is not sufficient to identify the channel characteristic of a numerology. Given the same TTI duration, different SCS have different channel characteristic, and may or may not be applied in some sceanrios. For example,

· Support of URLLC scenario : given a fixed TTI duration, higher SCS causes a shorter symbol duration, and thus more number of symbols in a TTI. This provides a finer scheduling granularity in symbol level, e.g., support fast data/ack transmission in one TTI for URLLC sceanrio.
· CP length concern : in low frequency band, if we apply a high SCS, the CP length might be too small to overcome multi-path effect. Thus, if UE operates in LF, numerologies with high SCS should not be used. 

· Transmission reliability : As indicated in our paper [3], if the transmission reliability on HF is a concern, we should avoid multiplexing such logical channels on the HF with high SCS.
Observation 1. NR MAC layer should provide the flexibility of mapping a single logical channel to available numerologies based on QoS performance impacted by not only TTI but also other characteristics such as  SCS, CP length, and carrier frequency.
Remember that in RAN2 NR Ad Hoc[2], we have the agreement as below:
· Agreements for support of multiple services/numerologies
· 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

From the discussion above, we know that to guarantee QoS of arrival taffic, numerology should be specified to ensure correct UL scheduling on suitable SCS. Therefore, we propose that a logical channel should be mapped to one or more numerology rather than one or more TTI duration for two reasons:

· Scheduling flexibility: Several numerologies may have the same TTI duration, and thus the mapping between LCH and numerologies provides a finer grnualrity of scheduling flexibility than mapping between LCH and TTI duration
· Indication of suitable numerology: Mapping between LCH and numerologies ensure that the network could provide a UL grant with a suitable numerology to serve traffic from specific LCH considering not only latency (by TTI duration) but also channel characteristic (impacted by SCS and CP as well).

Observation 2: Mapping between a single LCH and one or more numerologies supports better scheduling granularity and enables LCH-specific numerology preference.
Proposal 1: A single logical channel is mapped to one or more numerologies, rather than mapped to one or more TTI duration.

An important question to be addressed here is how exactly is the MAC model for multiple numerologies captured in our specifications. Although we need a mapping between a logical channel and one or more numerologies, MAC layer need not be aware of numerology details, i.e., MAC needs not know the exact configuration of each numerology. Instead, the only thing MAC should know is the mapping between LCH and numerology. Therefore, we propose to abstract numerology with ‘numerology index’[3] . Each numerology configuration, i.e., a triple <TTI duration, SCS, CP length> could be assigned with a distinct numerology index. The network configure the mapping between each logical channel and one or multiple numerology index(s). In this way, NR MAC layer is aware of numerology, and at the same time SCS and CP length are still invisiable to MAC like in LTE. 
Observation 3: Numerology index simplify numerology indication and maintain the invisiablity of SCS and CP to MAC as in LTE.
Proposal 2: NR adopts ‘numerology index’ as an abstract indication for configured numerology. 

Proposal 3: NR can configure one or multiple ‘numerology index’ for each logical channel to support the mapping of logical channels and numerologies. 
3 Conclusions
In this contribution, we observe that it is numerology rather than TTI duration that can characterize channel and ensure reliable transmission. Moreover, ‘numerology index’ could be used to abstract numerology configuration for MAC with light overhead in numerology indication.
Observation 1. NR MAC layer should provide the flexibility of mapping a single logical channel to available numerologies based on QoS performance impacted by not only TTI but also other characteristics such as  SCS, CP length, and carrier frequency.

Observation 2: Mapping between a single LCH and one or more numerologies supports better scheduling granularity and enables LCH-specific numerology preference.
Observation 3: Numerology index simplify numerology indication and maintain the invisiablity of SCS and CP to MAC as in LTE.
According to observations above, we have the following proposals.
Proposal 1: A single logical channel is mapped to one or more numerologies, rather than mapped to one or more TTI duration.

Proposal 2: NR adopts ‘numerology index’ as an abstract indication for configured numerology. 

Proposal 3: NR can configure one or multiple ‘numerology index’ for each logical channel to support the mapping of logical channels and numerologies. 
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