[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #86bis                                                     	                                      R1-1609815
Lisbon, Portugal, 10th – 14th October 2016

Source:	Panasonic
Title: 	Discussion on frequency domain frame structure for NR
Agenda Item:		8.1.2.2
Document for:	Discussion
Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN1#85, following working assumptions on subcarrier spacing were agreed.
Working assumptions:
· RAN1 concludes on alternative 1 (15 kHz) as the baseline design assumption for the NR numerology
· RAN1 concludes on scale factor N=2n for subcarrier spacing as the baseline design assumption for the NR numerology

In RAN1#86, following agreements on frequency domain frame structure were made.
Agreements:
· For subcarrier spacing of 2n * 15kHz, subcarriers are mapped on the subset/superset of those for subcarrier spacing of 15kHz in a nested manner in the frequency domain

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:
· The number of subcarriers per PRB for NR study are 12, 16
Conclusions:
· RAN1 will down select the number of subcarriers per PRB in the next meeting

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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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:
· No explicit DC subcarrier is reserved both for DL and UL

Based on the above agreements, working assumption, and conclusions taking into account, this contribution discusses remaining aspects on the frequency domain frame structure for NR.
Discussion
Handling of part of PRB
In LTE design, PRB boundary regarding the centre frequency is different between system bandwidth with odd and even number of PRBs. Such design allows all PRB sizes are similar over the frequency ranges including at the edge of system bandwidth. In NR, there would be two design directions; one is the similar direction to LTE and the other is to allow handling of part of PRB by defining min-PRB smaller than normal PRB or handling of part of PRB with rate matching or puncturing.
The design similar to LTE makes more complicated handling when UE’s DC is not NW centre. For Rel. 8 LTE in all UE’s centre is aligned with NW centre is assumed, to simplify the PRB index and not to handle part of PRB would be more important criteria. On the other hand, in case to multiplex different bandwidth and different frequency offset from the NW centre, to have different PRB boundary position compared with the system centre makes more candidate of the receiver centre. This makes RF component more complex. In this case, to have the same PRB boundary position for the same numerology (i.e., subcarrier spacing) in the same carrier may be simpler regardless of carrier bandwidth. In this case, the band edge of smaller size of PRB would be created but it can be handled by rate-matching or puncturing as shown in Fig. 1. It would also be possible more efficient spectrum utilization to support transmission bandwidth configuration up to approximately 100 %.
In addition, considering dynamic TDD operation and finer interference management, to have common PRB boundary between DL and UL for the same numerology in the same carrier would be useful. This is also valid to sidelink case. Furthermore, for the possibility of future enhancement on full duplex, not aligned PRB boundary between uplink and downlink should be avoided.
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Fig.1 Handling of part of PRB at the edge of system bandwidth.

Proposal 1: Partial PRB usage by rate-matching or puncturing is supported.
Proposal 2: Common PRB boundary should be used regardless of the system bandwidth for the same numerology in the same carrier.
Proposal 3: Common PRB boundary should be used among UL, DL, and sidelink for the same numerology in the same carrier.

PRB size
In LTE, PRB size of 180 kHz with M=12 is used. For 15 kHz subcarrier spacing in NR, to keep the same frequency domain granularity of a PRB as LTE, that is BWPRB(15kHz)=180 kHz would be a straightforward approach of PRB size also for NR. The alternative is the number 16 of subcarriers per PRB and it would have merit of efficient multiplexing of different numerologies and better scalability for nested structure. On the other hand, if guard band between different numerologies is realized by partial PRB usage by rate-matching or puncturing and also the edge of the system bandwidth is realized by partial PRB usage by rate matching or puncturing even the size is not full PRB size, the above efficiency would be same between 12 or 16. Therefore, we propose to keep the same frequency domain granularity 12 of a PRB as LTE.
Proposal 4: The number of subcarriers per PRB for NR is 12.

PRB grid and absolute frequency position
In LTE, the PRB grid has the flexibility of adjustment of the centre carrier as shown in Fig.2. The NW centre can be located at any frequency with 100 kHz raster. Based on the NW centre, PRB grid can have the different frequency position. Such design is useful if neighbour frequencies are used by some other systems to have tight out-of-band limitation as by shifting centre toward to apart the assignment, more guard band is available. 
On the other hand, in NR, more efficient spectrum utilization to support transmission bandwidth configuration up to approximately 100 % is agreed in RAN1#86 and we propose to support such transmission bandwidth configuration by having common PRB boundary regardless of the system bandwidth and by supporting partial PRB usage by rate-matching or puncturing. In this case, no need to have flexible PRB grid as the guard band in the band edge can be reserved by scheduling and/or partial PRB usage. Therefore, PRB grid can be defined on absolute frequency position based on equivalent to the E-UTRA Absolute Radio Frequency Channel Number. 
Proposal 5: PRB grid is defined on absolute frequency position.
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Fig.2 Flexible PRB grid in LTE.

PRB grid definition for mixed numerologies
Multiplexing different numerologies within a same NR carrier bandwidth is supported for NR. FDM and/or TDM multiplexing can be considered based on the agreement in RAN1#85. The conclusion in RAN1#86 is to study two alternatives. 
Alternative 1: This is to adopt RB grid for FDM as it was agreed in TDM, that is RBs for different numerologies are located in a fixed grid relative to each other and for subcarrier spacing of 2n*15 kHz, the RB grids are defined as the subset/superset if the RB grid for subcarrier spacing of 15 kHz in a nested manner in the frequency domain. RAN1 working assumption on the scale factor of N=2n for subcarrier spacing can allow efficient multiplexing of different numerologies assuming no guard subcarrier between different subcarrier spacing. 
Alternative 2: This is to use RB grid corresponding to the reference numerology for FDM. It has flexibility on RB grid for other than reference numerology. The merit would be better spectrum utilization efficiency. If partial PRB usage handling is not allowed for guard band between different numerologies, this alternative would have benefit as one PRB is not available by guard band. On the other hand, if handling of part of PRBs with rate matched or punctured is allowed, the benefit of Alt.2 would not be meaningful. We also discuss PRB grid definition for mixed numerologies from the resource sharing perspective in our accompanied contribution [1]
Proposal 6: In one carrier when multiple numerologies are multiplexed, adopt RB grid for FDM as it was agreed in TDM.

DC
In RAN1#86, no explicit DC subcarrier is reserved both for DL and UL was agreed. We interpret that this agreement means the absence of  any unused DC-subcarrier in contrast to LTE downlink case in which carrier centre DC subcarrier is nulled and PRB does not include DC subcarrier.
When single numerology (i.e., subcarrier spacing) is used in the one carrier, to have the same PRB boundary position as the system centre and system DC is located at the boundary of PRBs (i.e., apply LTE uplink even PRB method) as shown in Fig. 3 would be reasonable. It may be simplified RS location discussion as RS located to the centre DC subcarrier is avoided.
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Fig.3 DC and PRB grid for single numerology in the same carrier.

The relationship between DC and PRB grid for mixed numerologies in the same carrier is described in Figs. 4 and 5. In Fig. 4, system DC is located at the middle of subcarriers of numerology 1 (smallest subcarrier spacing used in the carrier). For example, 15 kHz subcarrier spacing is assumed, DC is located at 7.5 kHz shifted point from subcarriers. In this case, for different subcarrier spacing such as 30 kHz and 60 kHz, system DC is not located at the middle (15 kHz and 30 kHz) of subcarriers of 30 kHz and 60 kHz subcarrier spacing. The the one edge subcarrier in the left or right side of PRB around the DC would not be used. The impact of DC to the other edge subcarrier in the opposite side of PRB would be smaller.
On the PRB grid, nested manner still be kept although the system DC is not located at middle subcarriers for other than numerologies smallest subcarrier spacing as shown in Fig. 4. (Note that the PRB size of figures below assumes 4 subcarriers for the simplicity).
In Fig. 5, system DC is located at one of subcarriers for all numerology. In this case, the one edge subcarrier in the left or right side of PRB around the DC would not be used for all numerologies. On the PRB grid, nested manner still be also kept similar to above.
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Fig.4 DC and PRB grid for mixed numerologies in the same carrier (system DC is located at middle of at the boundary of subcarriers of numerology 1 (e.g., 15 kHz subcarrier spacing)).

[image: ]
Fig.5 DC and PRB grid for mixed numerologies in the same carrier (system DC is located at the edge subcarrier in the PRB-1).

Comparing above 2 DC location and PRB grid relationship, the difference would be only whether one subcarrier of the numerology with smallest subcarrier spacing is used or not. However, assuming smallest subcarrier spacing such as 15 kHz is required to satisfy the coverage requirement and DFT-s-OFDM might be used for uplink waveform [2], not to have unused(=null) subcarrier for the numerology with smallest subcarrier spacing would be useful for CM/PAPR perspective. In Rel.8 discussion, degradation in CM (0.7 dB for QPSK, 0.5 dB for 16QAM) was reported in case 1 PRB allocation around DC in [3]. Therefore, DC should be located in the middle (half subcarrier shifted point) of subcarriers in the numerology with smallest subcarrier spacing. Since the used numerology would be changed according to each band, the offset/shifted value should be configured at each band.
Proposal 7: DC is located in the middle (half subcarrier shifted point) of subcarriers in the numerology with smallest subcarrier spacing.
Proposal 8: DC offset is configured at each band.
Proposal 9: System DC is located at the boundary of PRBs in the numerology with smallest subcarrier spacing.

Conclusion
In this contribution, we discussed several aspects on the frequency domain frame structure for NR and we have the following proposals:
Proposal 1: Partial PRB usage by rate-matching or puncturing is supported.
Proposal 2: Common PRB boundary should be used regardless of the system bandwidth for the same numerology in the same carrier.
Proposal 3: Common PRB boundary should be used among UL, DL, and sidelink for the same numerology in the same carrier.
Proposal 4: The number of subcarriers per PRB for NR is 12.
Proposal 5: PRB grid is defined on absolute frequency position.
Proposal 6: In one carrier when multiple numerologies are multiplexed, adopt RB grid for FDM as it was agreed in TDM.
Proposal 7: DC is located in the middle (half subcarrier shifted point) of subcarriers in the numerology with smallest subcarrier spacing.
Proposal 8: DC offset is configured at each band.
Proposal 9: System DC is located at the boundary of PRBs.
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