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1.	Introduction
Regarding different numerology, RAN2 discussed impact and agreed the followings:
	RAN2#95 Agreement
· From RAN2 point of view, aggregation of carriers with different numerologies should be supported in NR. (Modelling aspects such as whether it is a single or multiple MAC entity is FFS)
RAN2#95bis Agreement
· The eNB should have means to control which logical channels the UE may map to which numerology and/or TTIs with variable duration. Details FFS (e.g. whether semi-static or dynamic, hard split/soft split, etc)
· A UE can support multiple numerologies from a single cell. FFS whether this is modelled as 1 or multiple MAC entities.



Please see Annex for RAN1 agreements regarding different numerologies.
In the last meeting, RAN2 agreed that each logical channel is mapped to a specific numerology while the details are left as FFS. In this contribution, we discuss further details of supporting different numerologies per logical channel.
2.	Discussion
2.1. Configuration
Numerology would be related to the requirement/characteristics of data transmission, e.g., latency. For example, short numerology will be configured to a radio bearer (RB) for which low latency is required while long numerology will be configured to a RB which is not delay sensitive. Given that the requirement/characterics of data transmission wouldn’t change dynamically, it would be sufficient to configure the numerology once when configuring the RB, and use the configured numerology during the lifetime of the RB. It implies that the numerology associated with the RB can change only by release and addition of the RB.
Proposal 1. A numerology associated with a radio bearer is configured when the radio bearer is added. Once the numerology is associated with the radio bearer, it is not changed until release of the radio bearer.

The next question is how many numerology can be associated with one radio bearer.
In RAN1, a reference numerology was discussed, the details are under discussion though. One implication of the reference numerology would be that the radio bearer is at least associated with the reference numerology and possibly additional numerologies depending on the characteristics of the RB. 
Having multiple numerologies would mean that 
· The processing of the data of the RB is based on the shortest one among the numerologies associated with the RB;
· The transmission of the data of the RB is based on all numerologies associated with the RB. In other words, the data of the RB can be transmitted on an uplink grant that is associated with one among the numerologies associated with the RB.
Proposal 2. A radio bearer can be associated with multiple numerologies including at least the reference numerology.

2.2. Multiplexing
During the last meeting, RAN2 agreed that a logical channel is mapped to a specific numerology. However, it seemed companies had different understandings on this. For example, some companies understand that data of a logical channel having the same numerologies can only be multiplexed while the other companies understand that all data can be multiplexed based on LCP procedure regardless of its numerology.
If all data can be multiplexed based only on LCP without considering numerology, data from a logical channel with higher priority and longer numerology could be placed in a PDU prior to data from a logical channel with lower priority and shorter numerology. Then, it would be difficult to meet, e.g., latency requirement, for the RB with shorter numerology. 
In addition, considering only the priority in multiplexing would make the scheduling complex. For example, there may be different schedulers for different services in NR. In this case, a scheduler may consider only the data associated with a specific numerology. Therefore, it may not be preferred from the scheduler point of view that the UE transmits a data that has not been considered when the scheduler provides the uplink resource.
Therefore, relying only on LCP procedure in multiplexing wouldn’t be desirable, and it is proposed:
Proposal 3. MAC performs LCP procedure only for data of logical channels having the same numerology. In other words, data of logical channels having different numerologies are not included in a same MAC PDU.

3.	Conclusion
In this contribution, we discussed support of different numerologies and have following proposal:
Proposal 1. A numerology associated with a radio bearer is configured when the radio bearer is added. Once the numerology is associated with the radio bearer, it is not changed until release of the radio bearer.
Proposal 2. A radio bearer can be associated with multiple numerologies including at least the reference numerology.
Proposal 3. MAC performs LCP procedure only for data of logical channels having the same numerology. In other words, data of logical channels having different numerologies are not included in a same MAC PDU.

4.	Annex
RAN1 agreements for different numerologies are summarized in the below:
	RAN1#85 Agreement
· Forward compatibility of NR shall ensure smooth introduction of future services and features with no impact on the access of earlier services and UEs
· Multiplexing different numerologies within a same NR carrier bandwidth (from the network perspective) is supported
· FDM and/or TDM multiplexing can be considered
· For a NR carrier (from network perspective) using multiple numerologies, at least the following is for further study
· multiple frequency/time portions using different numerologies share a synchronization signal
· Note: The synchronization signal refers to the signal itself and the time-frequency resource used to transmit the synchronization signal
RAN1#86 Agreement
· Subframe duration in ms for a reference numerology with subcarrier spacing (2m*15)kHz is exactly 1/2m ms
· A UE has one reference numerology in a given NR carrier which defines subframe duration for the given NR carrier
· FFS: In a given NR carrier, whether different UEs may have different reference numerologies or may not
· Specification supports multiplexing numerologies in TDM and/or FDM within/across (a) subframe duration(s) from a UE perspective
· In one carrier when multiple numerologies are time domain multiplexed,
· RBs for different numerologies are located on a fixed grid relative to each other
· For subcarrier spacing of 2n * 15kHz, the RB grids are defined  as the subset/superset of the RB grid for subcarrier spacing of 15kHz in a nested manner in the frequency domain
· Note that following numbering in the figure is just an example
· FFS: frequency domain multiplexing case
· Note that scalability does not mean everythinh should be scalable (e.g., RS density, UE/gNB processing time, signaling overhead)
RAN1#86bis Agreement
· At least for Phase 1, study mechanisms to support operation over e.g. around 1GHz contiguous spectrum from both NW and UE perspectives including the maximum single carrier bandwidth of at least 80 MHz
· Carrier Aggregation/Dual Connectivity (Multi-carrier approach) 
· Details are FFS
· FFS: non-contiguous spectrum case
· Single carrier operation 
· Details are FFS 
· Maximum channel bandwidth continues to be studied in RAN1/4
· Maximum bandwidth supported by some UE capabilities/categories may be less than channel bandwidth of serving single carrier
· Note that some UE capabilities/categories may support channel bandwidth of serving single carrier
· Send an LS to ask RAN4 to study the feasibilities of mechanisms above from both NW and UE perspectives
· Sub-frame duration is fixed to 1ms
· Reference numerology for defining subframe duration is 15 kHz
· Study at least the following aspects for NR carrier aggregation / dual connectivity
· […omit…]
· Different numerologies between different/same carrier(s) for a given UE
· FFS: whether/if different numerologies are multiplexed on one carrier for one UE is called carrier aggregation / dual connectivity
· Numerology for RACH preamble can be different depending on frequency ranges
· FFS: How many numerologies will be supported per frequency range
· Numerology for RACH preamble can be different or the same from that for the other UL data/control channels	
· NR should support both data and control with the same numerology
· Study impact and benefits of allowing the transmission of DL control information and data transmission to a UE within the same slot interval using different numerologies in TDM or FDM manner
· Above may apply both slot and mini-slot
· Study impact and benefits of allowing the transmission of uplink control information and data transmission from a UE within the same slot interval using different numerologies in TDM or FDM manner
· Above may apply both slot and mini-slot
· Followings applies both DL and UL
· The associated DM-RS for data/control transmission still uses the same numerology as the data/control transmission
· FFS: Control channel performance under different numerologies, Overhead saving, Control channel capacity; Quantify timeline saving, UE complexity




1

1

