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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
 (
Agreement
: The number of subcarriers per PRB is 12.
Working assumption:
 
Adopt RB grid
 for FDM as it was agreed in TDM
Agreement:
Alignment within a subframe
Symbol level alignment across different subcarrier spacings with the same CP overhead is assumed within a subframe duration in a NR carrier
FFS: Unlicensed spectrum case
)Scalable numerologies have been designed for NR for diverse services, deployment scenarios and spectrums. For the resource block design with the scalable numerologies, the followings were agreed [1].

In this contribution, RB grid for FDM and resource allocation scheme will be discussed. 
[bookmark: _Ref129681832]RB grid for multiplexing with multiple numerologies
For multiple numerologies TDM, nested RB grids with RB boundaries alignment has been agreed. For multiple numerologies FDM, we can adopt RB grid as it was agreed in TDM or the RB grid can defined per numerology and start at different position.
Multiplexing with multiple numerologies
TDM multiplexing with multiple numerologies
For multiple numerologies in TDM, for simple scheduling implementation, it is desirable to index the PRB per numerology independently and the RB grid boundaries are aligned in frequency domain as shown in Figure 1. 



Figure 1. PRB indexing for multiple numerologies TDM 
RB number and active BW with different SCS may be different. In this case, the lower boundaries of transmission BW alignment are proposed for simple relationship between the indexing of different numerologies as shown in Figure 2. Because the BW can’t be divisible by all numerologies, the position of higher boundaries is different for different SCS.

 
Figure 2. PRB indexing and system BW alignment
Proposal 1: NR should support independent PRB indexing for each numerology when different numerologies are TDMed within a NR carrier. 

FDM multiplexing with multiple numerologies
If resource block boundaries vary dynamically, more control overheads are needed and it does not seem to provide benefits. When resources are allocated to UE, some band may not have RB because of the different starting point in different SCS, which need to change the resource allocation type0-2 in LTE which is not desirable for multiplexing of LTE and NR. So we prefer adopting RB grid for FDM as it was agreed in TDM.


Figure 3. RB grid in FDM

[bookmark: OLE_LINK171]Proposal 2: Confirm the WA that adopt RB grid for FDM as it was agreed in TDM.

For multiple numerologies in FDM, there are two candidates for indexing the PRB:
· Option 1: The PRB is indexed per numerologies independently within the sub-band as shown in Figure 4 Option 1. For a numerology, the PRB indexing starts from 0 in the corresponding sub-band. 
· Option 2: The PRB is indexed per numerologies independently within part of system BW as shown in Figure 4 Option 2. Here the part of system BW also can be the whole system BW. 


[bookmark: _Ref461095584]Figure 4. PRB indexing for multiple numerologies FDM
[bookmark: _GoBack]Option1 is difficult to support dynamic multiplexing between different numerologies when sub-band are semi-static configured and the PRB index will be changed with sub-band.
The advantages of the two RB indexing candidates shown in Figure 4 are listed in the following, and the option 2 is proposed for simple design.
· Advantage of option 1: The bits in DCI for resource allocation are less than option 2 when the BW is large. Sub-band allocation can be semi-static and can be signaled via RRC signaling. When sub-band is semi-static, option 1 is better from DCI size perspective.
· Advantage of option 2: When sub-band allocation is dynamic, Option 2 is preferred.
[bookmark: OLE_LINK172][bookmark: OLE_LINK173]Proposal 3: For numerology multiplexing in NR, independent indexing of PRBs within either the whole BW or sub-band should be supported.

Resource allocation (RA) for data channel
[bookmark: OLE_LINK58][bookmark: OLE_LINK55][bookmark: OLE_LINK125][bookmark: OLE_LINK126]In existing resource allocation scheme (LTE), the downlink data is allocated by either distributed type or localized type. The distributed allocation scheme can bring to UEs the frequency diversity gains by distributing a downlink transmission in the frequency domain and the localized allocation scheme can bring to UEs the frequency selectivity gains by assigning contiguous resources to each UE.
[bookmark: OLE_LINK19][bookmark: OLE_LINK54]To achieve the frequency selectivity gains or the frequency diversity gains for different scenarios, NR can also support either the localized allocation scheme or the distributed allocation scheme. For the wireless channel with frequency selective fading, some part of bandwidth or the resources shows a good channel condition while other shows a bad channel condition. Within the whole bandwidth, the contiguous resources with better channel quality can be allocated to certain UE by the localized allocation scheme.
On the other hand, NR supports different speed up to hundreds of kilometres per hour (such as the high speed train scenarios). For the high terminal speed, it may be difficult to track the instantaneous channel conditions to the accuracy required for channel-dependent scheduling to be efficient. So it is beneficial that the UE distributes the resources over the whole bandwidth to maximize the frequency diversity.
Furthermore, in LTE there are 3 RA types (type 0/1/2) in downlink to support either the localized allocation scheme or distributed allocation scheme. However, the existing types is inefficient when different types are multiplexed. The RA types supported in NR should be considered and can be further discussed in WI stage.
[bookmark: OLE_LINK174][bookmark: OLE_LINK175][bookmark: OLE_LINK18]Proposal 4: In NR both distributed and localized resource allocation scheme are supported for data channel.

Resource allocation and indication for LTE/NR coexistence
In RAN1#87 meeting [2], it was agreed that at least some reserved resources are indicated by using at least RRC signalling. As agreed in [1] the coexistence between NR and LTE operating legacy LTE features should be supported. Maximizing the spectrum utilization for NR would require reserving only the minimum amount of resources that LTE system requires for operating and providing support for initial access and normal data transmissions to legacy LTE UEs. Signals that LTE needs to continue transmitting are PSS/SSS, CRS and periodic SRS. Channels that LTE needs to continue transmitting are PBCH, PDCCH for scheduling SIBx and SIB transmissions, and periodic PUCCH. Accordingly, necessary resources should be reserved for LTE/NR coexistence. 
In the frequency domain, NR should be able to allocate resources at least with the same granularity as LTE. In particular, reserving resources in the frequency domain should also match the LTE resource allocation granularity in order to maximize resources usable by NR. 
Proposal 5: Reserved resources are reserved on PRB level in frequency domain.

Conclusions
Proposal 1: NR should support independent PRB indexing for each numerology when different numerologies are TDMed within a NR carrier. 
Proposal 2: Confirm the WA that adopt RB grid for FDM as it was agreed in TDM.
Proposal 3: For numerology multiplexing in NR, independent indexing of PRBs within either the whole BW or sub-band should be supported.
Proposal 4: In NR both distributed and localized resource allocation scheme are supported for data channel.
Proposal 5: Reserved resources are reserved on PRB level in frequency domain.
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