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1. Introduction

In RAN1#86bis meeting, the agreement on DL RB grid for FDM has been reached [1]:
Agreement: The number of subcarriers per PRB is 12.
· Adopt RB grid for FDM as it was agreed in TDM (ZTE: similar proposal in R1-1610483) – supported by ZTE, ZTE Microelectronics, Ericsson, Qualcomm, Nokia, Alcatel-Lucent Shanghai Bell, Panasonic, Convida Wireless, Intel, CATT, InterDigital, Samsung, MediaTek, ETRI

· NR carrier shall support UEs with bandwidth support smaller than the carrier bandwidth

· FFS: Fractional RB support

And in RAN1#87, it was agreed that the dynamic resource allocation should be supported for FDM/TDM-based multi-numerology multiplexing [2]:
Agreements:
· NR strives for efficient support of dynamic resource allocation of different numerologies in FDM/TDM fashion.

· Potential specification impact includes but is not limited to:

· FFS:CSI-RS measurement

· FFS: the time and frequency granularity of dynamic resource allocation

· FFS: If spectrum confinement (filtering, windowing, …) can be dynamically varied or not 

The frequency resource with different subcarrier spacing (SCS) needs to be allocated with different granularities because a PRB always consists of 12 subcarriers. 
In RAN1#88 and RAN1#88bis meetings, the concept “bandwidth part” has been introduced for NR resource allocation [3][4]: 

Agreement (RAN1#88): 
· Resource allocation for data transmission for a UE not capable of supporting the carrier bandwidth can be derived based on a two-step frequency-domain assignment process 
· 1st step: indication of a bandwidth part
· 2nd step: indication of the PRBs within the bandwidth part
· FFS definitions of bandwidth part
· FFS signaling details
· FFS the case of a UE capable of supporting the carrier bandwidth
Working assumption (RAN1#88bis):
· One or multiple bandwidth part configurations for each component carrier can be semi-statically signalled to a UE

· A bandwidth part consists of a group of contiguous PRBs
· Reserved resources can be configured within the bandwidth part
· The bandwidth of a bandwidth part equals to or is smaller than the maximal bandwidth capability supported by a UE

· The bandwidth of a bandwidth part is at least as large as the SS block bandwidth

· The bandwidth part may or may not contain the SS block

· Configuration of a bandwidth part may include the following properties

· Numerology

· Frequency location (e.g. center frequency)

· Bandwidth (e.g. number of PRBs)

· Note that it is for RRC connected mode UE

· FFS how to indicate to the UE which bandwidth part configuration (if multiple) should be assumed for resource allocation at a given time
· FFS neighbour cell RRM
Our companion contribution for this meeting [5] addresses the bandwidth part configuration issues. However, the main motivation to define “bandwidth part” is for the resource allocation for a UE not capable of supporting the carrier bandwidth. Bandwidth part is not used to define a resource allocation granularity. The problem of different granularities due to different numerologies still remains.
In this contribution, we develop further analysis on allocation and indication approaches for the multi-numerology resource.

2. Discussions
A straightforward approach is to assign resource with different SCSs using corresponding sizes of PRB. For each type of resource, the indication approach can be same as LTE, as shown in Fig.1. However, this approach may bring increased DCI overhead. NR bandwidth is much larger than LTE. When same PRB size as in LTE (e.g. 180kHz for SCS=15kHz) is used, the DL resource assignment in DCI requires much more bits. And in most of cases, only a small portion of resource in the ultra wide bandwidth would be assign to a UE in a slot. Using small-SCS-based PRB as scheduling granularity could be very inefficient. 
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Fig.1: Using different scheduling granularities for resource with different SCSs
A more efficient approach is to use a bunch of PRBs or a PRB with a larger-SCS as the scheduling granularity for resource allocation with a smaller SCS (e.g. SCS=15kHz). As depicted in Fig.2, a unified coarse allocation granularity based on PRB with the larger SCS can be used to allocate resources with different SCSs. The coarse allocation granularity is associated with a single numerology. The size of the unified granularity can be as large as one or multiple PRBs with largest SCS in this carrier.
If a more refined allocation is required for resource with a smaller SCS, a smaller granularity (e.g. small-SCS-based PRB) can be used beyond the coarse allocation based on a unified granularity. But in this case, the “variable DCI payload length” issue needs to be dealt with.

Besides bandwidth part, the coarse resource allocation using the unified granularity can simplify the refined allocation within a unified granularity, and thus reduce the DCI overhead. 
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Fig.2: Unified granularity for coarse resource allocation with different SCSs
Proposal : A unified granularity for multi-numerology resource allocation in a carrier should be supported.
· The size of the unified granularity can be as large as one or multiple PRBs with largest SCS in this carrier.
3. Conclusions
Proposal : A unified granularity for multi-numerology resource allocation in a carrier should be supported.
· The size of the unified granularity can be as large as one or multiple PRBs with largest SCS in this carrier.
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