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1 Introduction

In RAN1#85, following was agreed on multiplexing different numerologies.

Agreements:
· 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

Further in RAN1#86, followings were agreed on frequency domain numerology.

Agreements:
· PRB definition where the number of subcarriers per PRB is the same for all numerologies is supported
· Examples of the number of subcarriers per PRB for NR study are 12, 16

· Additional PRB definition with the different number of subcarriers is not precluded

Agreements:
· In one carrier when multiple numerologies are time domain multiplexed,

· RBs for different numerologies are located in a fixed grid relative to each other

· For subcarrier spacing of 2n*15kHz, the RB grids are defined as the subset/superset if the RB grid for subcarrier spacing of 15kHz in a nested manner in the frequency domain

· Note the following numbering in the figure is just an example

· FFS: frequency domain multiplexing case
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In this document, we will address the above FFS point and other related issues. 
2 Discussion
As discussed in the introduction section, it has been agreed that for NR several different numerologies are to be supported and shall coexist in the network, where the different numerology schemes are optimized to particular services, such as eMBB, URLLC and mMTC. 

From the network (or more precisely, scheduler) perspective, the available time-frequency radio resources of a NR carrier should be split in an appropriate manner between different services coexisting in the system. In view of that the traffic amount for each service varies with time, the multiplexing of different coexisting numerology schemes should also be flexible. Furthermore, the signalling of the resource allocation to the UEs should be as simple and compact as possible.   

In our view, each numerology scheme has its own RB definition. However, the RBs for one numerology scheme must be located in a fixed grid relative to other numerologies. Moreover, RB grids should be the same, no matter TDM or/and FDM of numerology schemes. This will greatly facilitate the dynamic resource sharing among numerology schemes. 

The above view can be more easily explained by introducing the numerology layer decomposition concept. The following Fig.1 illustrates an example of three coexisting numerology schemes (i.e. layers).
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Fig.1. example of three coexisting numerology schemes (layers) for the shared resources 

As shown in Fig.1, the same radio resources are interpreted differently by different numerology schemes. Since the time domain aspect of RB is not defined in NR yet, we use “scheduling unit” to describe the resource grid in both time and frequency. As can be seen in Fig.1, numerology scheme 1 is using 15 kHz subcarrier spacing, 12 subcarriers and 6 symbols per resource scheduling unit, while numerology schemes 2 and 3 are characterized by 30 kHz subcarrier spacing, 12 subcarriers and 6 symbols per resource scheduling unit, and 60 kHz subcarrier spacing, 12 subcarriers and 3 symbols per resource scheduling unite, respectively. Although the definition of resource grid (scheduling unit) is different among different numerology layer, their relationship is fixed. For example, the bandwidth of one RB for numerology 2 always corresponds to the bandwidth of two RBs for numerology 1; one TTI of numerology 1 always corresponds to two TTIs of numerology 2.
Scheduler has all the numerology layers in mind, but this information is transparent to UE. UE only needs to know the numerology schemes that it can support. Resource allocation can then be signalled to UE using the grid definition of the corresponding layer. Because the allocated resource is indicated with respect to the prefixed resource grid, the resource signalling for different numerology layer is decoupled from each other, simplifying the signalling design.  
From the system perspective, the transmission in all numerology layers coexists. Therefore, the transmission in different layers should not appear at the same frequency-time location, meaning that overlapping should be avoided. Nevertheless, this is not strictly necessary, and it is up to the scheduler implementation whether the same radio resources can/should be allocated according to different numerologies (e.g. to different UEs). For the advanced UE with interference cancellation capability, the scheduler might use the overlapping transmission in order to improve the resource utilization. 
Typically, guard frequencies are needed at the boundary of the resources for different numerologies. This is discussed in our accompanied paper [1], together with other aspects such as RB position in a carrier and DC handling. 

To summarize, we have the following proposal:

Proposal 1: NR supports multiple types of scheduling unit with different bandwidth and/or time duration, one for each numerology scheme.

Proposal 2: One type of scheduling unit gives one possible way to partition the channel frequency-time resources into resource grids.  
Proposal 3: The resource grid of different numerology schemes has a fixed relative position, which is the same for both TDM and FDM of numerologies. 
3 Conclusion

This document discusses the resource arrangement to support resource sharing among numerology schemes. We have the following proposals:
Proposal 1: NR supports multiple types of scheduling unit with different bandwidth and/or time duration, one for each numerology scheme.

Proposal 2: One type of scheduling unit gives one possible way to partition the channel frequency-time resources into resource grids.  

Proposal 3: The resource grid of different numerology schemes has a fixed relative position, which is the same for both TDM and FDM of numerologies. 
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