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1.	Introduction
In New RAT Study Item, various usage scenarios are considered while each scenario would need to meet different requirements. In order to serve various scenarios with their own requirement, e.g., latency, support of different numerologies are considered in NR [R2-165651]. 

For different numerologies, RAN1 agreed that:
	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)



In RAN2, the followings have been agreed:
	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)



Although RAN1 is working on different numerologies, it is mainly focused on physical layer structure design. Thus, it would be good for RAN2 to have a common understanding how different numerologies are to be used from layer 2 point of view.
2.	Discussion
A shorter numerology would be helpful to reduce the latency of data transmission for some cases e.g., smaller size of data, lower cell load. A longer numerology would be beneficial in terms of signaling overhead and resource efficiency because avoiding segmentation would lead to smaller amount of header information. In this sense, one main motivation of supporting different numerologies in NR is to serve different services/applications well by considering such as latency, resource efficiency, etc.
While we can understanding what ‘different numerology’ literally means, it is still unclear how different numerologies would be utilized from Layer 2 point of view. Considering the expected gain of supporting different numerologies, there would be several options including the followings: 
· Option 1. Numerology is configured per UE
In Option 1, the network would configure a UE with a numerology, and hence, a UE operates with one numerology at one point in time, i.e., all radio bearers are dealt with the same numerology at one point in time. But, the network would change the numerology for the UE based on the service, application, or radio quality. Given that the service/application wouldn’t change so dynamically, it may be sufficient for the network to configure the UE with one numerology and to change the numerology when it needs to be changed. 
Note that as RAN1 agreed to multiplex different numerologies within the same carrier by using TDM/FDM, different UEs may operate with different numerologies simultaneously.
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Figure 1. Illustration of Option 1
This option would be quite similar to the legacy LTE where the UE operates with one fixed numerologies, hence, wouldn’t require many changes from the UE point of view. 
Applying one numerologies to all RBs, however, may not please the UE using a couple of services/applications simultaneously because the same numerologies may not be optimal for all services/applications the UE uses. In addition, the time variant numerology may cause de-synchronization problem between the UE and the network regarding the operating numerology, which may bring additional interruption to detect the de-synchronization problem and to recover/re-configure the numerology. 

· Option 2. Numerology is configured per radio bearer
In Option 2, the network would configure each radio bearer (RB) with its own numerology, and hence, the UE operates with multiple numerologies at one point in time. Once an RB is configured with its own numerology, the numerology isn’t likely to be changed for the RB because the requirement wouldn’t change dynamically. 
In order to process/transmit data of a RB based on its numerology while each RB may have different numerology, the UE needs to generate a MAC PDU by including only the data from the RBs with the same numerology. Otherwise, there is no point to configure a numerology per RB. In this case, for the sake of simplicity, a MAC entity may be associated with RBs with the same numerology. 
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Figure 2. Illustration of Option 2
The gain of this option would be that an optimal numerology can be applied to each RB depending on the requirement of the service/application for the RB. For example, short numerology is applied to an RB which is for URLLC while 1ms of numerology is applied to an RB which is for eMBB. 
As multiple numerologies are to be supported within one carrier according to RAN1 agreement, UL grant or DL assignment may need to indicate its associated numerology so that the UE can generate/receive the MAC PDU based on the numerology indicated by the UL grant or DL assignment. In addition, multiplexing gain of Option 2 may be reduced a bit because a MAC PDU would include only data from RBs with the same numerology. 

· Option 3. Numerology is configured per PDU
In Option 3, the UE operates with one numerology for each MAC PDU. In other words, the numerology can change for each PDU, which could be realized by indicating the numerology via UL grant or DL assignment. The UE would process/generate a MAC PDU by including the data from all RBs by applying the same numerology. 
This options may have a benefit in case the radio quality change dynamically because the network can change the numerology quickly.
Similar to option 1, however, this option couldn’t maximize the benefit of supporting different numerologies because one numerology may not be optimal for all RBs. And, UL grant or DL assignment may need to indicate its associated TTI as option 2. In addition, this option may be complex because the UE needs to process all RBs for a MAC PDU with TTI=1ms while processing those RBs for another MAC PDU with TTI=0.1ms.

As mentioned above, Option 3 may bring some benefit to cope with dynamic radio conditions, but it may not be a prime reason of having different numerologies considering that the original intention would be to support multiple services based on its own optimal numerology. Therefore, we think option 3 could be excluded.
Among Option 1 and 2, Option 2 would be beneficial if the UE uses multiple services/applications that require different optimal numerologies, whereas Option 1 may be sufficient in case the UE uses the services/applications that require the same optimal numerology. Given that it becomes more important in NR to serve multiple services/applications well, Option 2 is preferred. In addition, Option 2 is well aligned with the agreement in RAN2#94 that “NR UP protocol stack supports maintaining of multiple parallel "logical channels" that can be configured with different characteristics and priorities”. Therefore, we propose that a numerology is configured per radio bearer and discuss the impact on layer 2 based on this.
Proposal. Different numerology is configured per radio bearer in New RAT.

3.	Conclusion
In this contribution, we discussed support of different numerologies and have following proposal:
Proposal. Different numerology is configured per radio bearer in New RAT.
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