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Introduction
In RAN1#86 meeting, frequency domain NR frame structure was discussed. The outcomes were mainly about subcarrier location and PRB design, which include:
	Agreements:
· 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
Conclusions:
· Proponents are encouraged to study followings
· Alt. 1: Adopt RB grid for FDM as it is agreed in TDM
· Alt. 2: Use RB grid corresponding to the reference numerology for FDM, applied the same grid to TDM, and revisit above agreements for TDM
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
Conclusions:
· RAN1 will down select the number of subcarriers per PRB in the next meeting



In this contribution, we discuss remaining frequency domain issues focusing on the RB structure with mixed numerology consideration.

Discussion
RB grid
[bookmark: _GoBack]The RB grid relation across the scaled numerologies was decided in TDM but not in the FDM case yet. The following two alternatives were proposed to treat the FDM case.
· Alt. 1: Adopt RB grid for FDM as it is agreed in TDM
· Alt. 2: Use RB grid corresponding to the reference numerology for FDM, applied the same grid to TDM, and revisit above agreements for TDM
The main benefit of Alt. 2 is that the number of guard tones can be minimized at the numerology boundary and thus more resources can be allocated to data channels. However, the gain seems not substantial considering that it also increases scheduling complexity and the DCI payload for resource allocation. Even if there is a need to further optimize the number of guard tones between numerologies, there are other options such as Alt. 1 with use of fractional RB (e.g., a half or a quarter of one RB).
Another point is that we already have agreements for the TDM case. If another RB grid design is applied to the FDM, we may have multiple types of RB grid for non-reference numerologies. In this case, whether multiple numerologies are frequency division multiplexed or not cannot be transparent to UE any longer, which may result in another scheduling restriction. Therefore it is preferred to apply a common RB grid design for both FDM and TDM.
Proposal 1: Adopt the RB grid for FDM as it is agreed in TDM.

Number of subcarriers per RB
Considering dynamic and semi-static resource sharing between NR and LTE in the coexistence scenario, the number of subcarriers per NR RB should be the same as that of LTE. Even if RB boundaries of LTE and NR do not align, having the same RB width may be still beneficial. 2n number of subcarriers per RB may provide convenience in RS design and potentially in control channel design as well, however, it is just one of various design options.
Proposal 2: The number of subcarriers per RB is 12.

Resource allocation and RB indexing
For multi-numerology based resource allocation in the same carrier, two approaches can be considered depending on whether numerology region is partitioned or not. In this section, details of the two options are discussed.

(1) Resource allocation without numerology region partitioning
As the first option, any numerology can be allowed to be used over the entire system bandwidth for data channel transmission. UE expects resource allocation within its operating bandwidth with any valid numerology. Since there is no predefined region dedicated to a specific numerology, numerology allocation is dynamic and flexible, e.g., multiple numerologies can be TDMed or FDMed dynamically. This option is more suitable for optimizing the resource allocation subject to multi-service traffic condition, and frequency diversity can be obtained by allocating the resources in a largely distributed way. Guard tone allocation issue may disappear since unscheduled resources can serve as a guard band.
Appropriate RB indexing for this option would be as drawn in Fig. 1, i.e., each numerology has wideband RB indexing. This provides the above-mentioned benefits and also in terms of control channel, large degrees of freedom is provided in the DL and UL control region configuration. For example, the frequency range of a NR PDCCH can be configured with a single RB granularity. However, the flexibility comes at the price of large configuration signaling overhead.
Observation 1: Resource allocation without numerology region partitioning provides large flexibility in control and data transmission but increases the signaling overhead.



[bookmark: _Ref462739322]Fig. 1. Wideband RB indexing

(2) Resource allocation based on numerology region partitioning
The second option is to define multiple subband numerology regions and only one numerology is used in each numerology region. Each numerology region can be a group of RBs. The RB group width can be the same for all numerologies as in Fig. 2(a), or the number of RBs per RB group can be the same for all numerologies Fig. 2(b). In this case, local RB indexing can be applied within a RB group and the resource allocation can be based on the RB index and the RB group index. The RB group and its numerology can be semi-statically or dynamically configured. 
In this option, control channel can be configured with a granularity of one RB group for simplicity. Also frequency hopping rule can be simplified since numerology regions are separated. Some other issues include, i.e., how to allocate guard tones at RB group boundary when two RB groups use different numerologies, how to set operating bandwidth to UE having partial bandwidth capability, etc.
Observation 2: Numerology region partitioning provides configuration and operation simplicity at the price of some loss in scheduling flexibility.



[bookmark: _Ref462908224]Fig. 2. Local RB indexing within a RB group
Whether to introduce the RB group concept or not will impact most part of the NR signals and channels design. Thus it is suggested to make decision on this in this meeting. In our view, dynamic resource sharing among different numerologies would not be needed in most scenarios. Thus our slight preference is to support numerology region partitioning by semi-static signaling.
Proposal 3: Decide whether to introduce RB group concept or not in purpose of numerology region partitioning in this meeting.

Conclusion
In this contribution, we discussed frequency domain NR frame structure regarding the RB structure design. Our observations and proposals include:
Proposal 1: Adopt the RB grid for FDM as it is agreed in TDM.
Proposal 2: The number of subcarriers per RB is 12.
Observation 1: Resource allocation without numerology region partitioning provides large flexibility in control and data transmission but increases the signaling overhead.
Observation 2: Numerology region partitioning provides configuration and operation simplicity at the price of some loss in scheduling flexibility.
Proposal 3: Decide whether to introduce RB group concept or not in purpose of numerology region partitioning in this meeting.
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