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Discussion and Decision
1
Introduction
An objective of the NR study item [1] is to identify and develop technology components needed for NR systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2].
The following agreements and working assumptions were reached in 3GPP RAN1#85, RAN1#86 and RAN1#86bis:

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
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
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Working assumption:
· Adopt RB grid for FDM as it was agreed in TDM

Agreement:
· RAN1 should continue study whether/how to support guard-band for inter-subband interfering scenarios (e.g., cases 2/3/4) with considerations of the specification/performance impact
In this contribution we discussed about guard band arrangement supporting FDM between different numerologies within a same NR carrier.

2
Grouping PRBs to Resource Block Groups
With 12 subcarriers per PRB, the number of PRBs/carrier can be assumed to be in the range of ~100-140. Scheduling at a PRB granularity would seem an overkill due to high signaling overhead (each PRB would need to be indicated independently) and the somewhat unlikely need for chopping the carrier in pieces under 1% for scheduling. Hence grouping PRBs to facilitate scheduling would appear beneficial. Further, it is possible to group PRBs of different numerologies in such a way that they occupy the same bandwidth (as opposed to same number of PRBs), leading to the same scheduling overhead on a given carrier BW regardless of the numerology used. This fixed-bandwidth PRB group was introduced in [6] and called Resource Block Group (RBG).

RAN4 is analyzing the need for guard band between numerologies when two numerologies are being multiplexed together. Intuitively it appears evident that the need for the number of guards in a carrier should be minimized by placing the allocations using the same numerology (and not needing guard band) next to each other. This is naturally not a matter of RAN1 specification, but a thing to keep in mind when assessing the guard band overhead.
Observation #1: Grouping the allocations using the same numerology reduces the need for intra-carrier guard band
Observation #2: Grouping PRBs in a larger Resource Block Groups is advantageous in reducing DCI signalling overhead – and can facilitate numerology multiplexing by normalizing the scheduled allocations in terms of frequency rather than in terms of number of scheduled sub-carriers.
Proposal #1: Group PRBs into Resource Block Groups in such a way that RBGs have the same bandwidth for all numerologies within a same NR carrier
3
Resource Grouping for Guard Generation
The intra-carrier guard band between sub-bands of different numerologies could be arranged by

· Scheduling empty resource groups (PRBs or groups of PRBs) where guard is needed

· Creating the guard within the edge PRBs or PRB groups, where needed

It is assumed, that multiplexing different numerologies within a same carrier requires guard band between allocations using different OFDM numerologies. By defining a group of resource block groups (N-RBG) we can define the minimum granularity in which the different numerologies can coexist in frequency over a given time-instant in one carrier. This effectively defines a sub-band within a carrier. Since the N-RBGs are larger groups of resource blocks with identical numerology, they reduce guard band residual inter-carrier interference as compared to having different numerology for each resource, and more importantly create a grid that can be used to assign different numerologies with, and set limitations to the numerology configuration flexibility, facilitate RAN4 requirements definition and simplify implementation.

 The N-RBG can be defined as follows:
·    Only one numerology can be applied within one N-RBG

·    Different (or same) numerologies can be applied for different N-RBGs

·    N-RBG granularity is used when coordinating interference and usage of different numerologies among neighbouring cells.
·    N-RBG includes inbuilt support for guard band (when needed)

Figure 1 shown example of frequency domain arrangement with 20 MHz NR carrier: 

· A PRB consists of 12 subcarriers
· An RBG is of 720 kHz (4 PRBs of 15 kHz SCS or 1 PRB of 60 kHz SCS)
· An N-RBG is of 5040 kHz, and consists of 7 RBGs (N-RBG size could be configurable, and not all N-RBGs need to contain the same number of PRBs)

· All PRBs in one N-RBG use the same numerology at any given time-instant, but the used numerology could change over time

· An N-RBG can include guard tones in the left-most PRB, the right-most PRB or both, according to need.
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Figure 1 . Frequency domain arrangement of NR 20 MHz carrier
Observation #3: Grouping of PRBs of the same numerology into larger groups facilitates the allocation of intra-carrier guard band
Proposal #2: Group Resource Block Groups into larger groups of PRB groups (N-RBGs)
Proposal #3: The intra-carrier guard band can only exist at the edges of N-RBGs

Proposal #4: N-RBGs are used as the inter-cell interference coordination unit
4
Conclusion
In this contribution, we discussed PRB grouping as well as guard band arrangement supporting FDM between different numerologies within a same NR carrier. Based on the discussion, and assuming that frequency multiplexing of different numerologies will be supported, the following observations and proposals are made: 
Observation #1: Grouping the allocations using the same numerology reduced the need for intra-carrier guard band
Observation #2: Grouping PRBs in a larger Resource Block Groups is advantageous in reducing DCI signalling overhead – and can facilitate numerology mixing
Proposal #1: Group PRBs into Resource Block Groups in such a way that RBGs have the same bandwidth for all numerologies within a same NR carrier

Observation #3: Grouping of PRBs of the same numerology into larger groups facilitates the allocation of intra-carrier guard band.
Proposal #2: Group Resource Block Groups into larger groups of PRB groups (N-RBGs)
Proposal #3: The intra-carrier guard band can only exist at the edges of N-RBGs

Proposal #4: N-RBGs are used as the inter-cell interference coordination unit
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