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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN1#86 and RAN1#86bis, following agreements on frequency domain frame structure (subcarrier mapping, PRB definition, PRB grid, and DC subcarrier) 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 is 12

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.

Agreements:
· No explicit DC subcarrier is reserved both for DL and UL
Agreements:
· Regarding DC present within the transmitter,
· DC handling of DC subcarrier in transmitter side is specified
· Receiver knows where DC subcarrier is or is informed (e.g., by specification or signalling) of where DC subcarrier is or if DC subcarrier is not present within receiver bandwidth
· When receiver is informed DC subcarrier is present, FFS: transmitter DC subcarrier is punctured, rate matched, modulated, or EVM is not specified
· When DC subcarrier is not present, all subcarriers within the receiver bandwidth are transmitted
Agreements:
· Receiver side
· No special handling of the DC subcarrier(s) on the receiver side is specified in RAN1
· Behaviour left to implementation, the receiver may for example puncture data received on the DC subcarrier

This contribution discusses remaining aspects on the frequency domain frame structure for NR.
Discussion
0. Common PRB grid
In LTE design, PRB grid regarding the centre frequency is different between system bandwidth with odd and even number of PRBs. Such design allows all PRB sizes are same 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 have the same PRB grid and centre frequency regardless of the system bandwidth.
The design similar to LTE (i.e., PRB grid regarding the centre frequency is different between system bandwidth with odd and even number of PRBs) 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 would be simpler regardless of carrier bandwidth. In addition, to have the same PRB boundary position as the NW centre is located at the boundary of PRBs (i.e., apply LTE uplink even PRB method) as shown in Fig. 1 would be reasonable. It may be simplified RS location discussion as RS located to the centre DC subcarrier is avoided. Therefore, we propose to apply LTE uplink even PRB method for NR as a PRB boundary definition.
In this case, the band edge of smaller size of PRB would be created but it can be handled by fractional PRB smaller than normal PRB as shown in Fig. 1 [1]. It would also be possible more efficient spectrum utilization to support transmission bandwidth configuration up to approximately 100 %. We also discuss fractional PRB in our accompanied contribution [2].
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.
Proposal 1: Common PRB boundary should be used regardless of the system bandwidth for the same numerology in the same carrier.
Proposal 2: Apply LTE uplink even PRB method as a PRB boundary definition.
Proposal 3: Common PRB boundary should be used among UL, DL, and sidelink for the same numerology in the same carrier.
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Fig.1 Fractional PRB at the edge of system bandwidth.

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. Taking E-UTRA band 1 of lower 20 MHz for example, NW centre can be located 2111.0, 2111.1,…, 2119.9, 2120.0, 2120.1,…, 2128.9, 2129.0MHz anywhere is possible. Then, based on NW centre, 100 PRB is defined. Therefore, 100PRB grid is different depending on the NW centre. 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 fractional PRB usage. 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 fractional PRB usage. Taking E-UTRA band 1 of upper 20 MHz for example, PRB grid when the centre is 2120.0MHz is defined. How much guard is required around 2110MHz and 2130MHz is adjusted by scheduling and/or fractional PRB usage. 
In this case, PRB grid can be defined on absolute frequency position based on equivalent to the E-UTRA Absolute Radio Frequency Channel Number.
Proposal 4: PRB grid is defined on absolute frequency position.
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Fig.2 PRB grid in LTE.

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.
As also recognized in RAN1#86bis, we need the discussion on DC of the following cases.
Case A: gNB/UE RF is aligned with NR carrier bandwidth
Case B: gNB/UE RF is wider than NR carrier bandwidth e.g., multiple carriers are realized by one RF.
Case C: UE RF is narrower than NR carrier bandwidth
We’d like to discuss case A first in the following. Case B may not require DC handling as RF’s DC can be somewhere between NR carrier bandwidth. Assuming RF implemented bandwidth usage is not exchanged between UE and gNB, the centre of NR carrier bandwidth is just “candidate DC position” in case B. Case C needs further discussion after settling up case A handling as case A decision influence case C handling.
In previous sections, we propose to apply LTE uplink even PRB method (i.e., the NW centre is located at the boundary of PRBs) at least for the same numerology in the same carrier. It can be illustrated as Fig. 3.
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Fig.3 DC and PRB grid for single numerology in the same carrier.

We see two possibilities of the relationship between DC and PRB grid for mixed numerologies in the same carrier. These are described in Figs. 4 and 5 respectively. Fig. 4 option is half subcarrier offset in the smallest subcarrier spacing. Fig. 5 option is no half subcarrier offset in all numerologies.
In Fig. 4, NW 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. Then the one edge subcarrier in the left or right side of PRB around the DC would not be used i.e., punctured, rate matched, modulated, or EVM is not specified. 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 numerologies. 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 can be used for uplink waveform [3], 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 [4]. 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. For different subcarrier spacing, whether the the one edge subcarrier in the left or right side of PRB around the DC should be specified and punctured, rate matched, modulated, or EVM is not specified for such subcarrier.
Proposal 5: DC is located in the middle (half subcarrier shifted point) of subcarriers in the numerology with smallest subcarrier spacing.
Proposal 6: DC offset is specified at each band.
Proposal 7: 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: Common PRB boundary should be used regardless of the system bandwidth for the same numerology in the same carrier.
Proposal 2: Apply LTE uplink even PRB method as a PRB boundary definition.
Proposal 3: Common PRB boundary should be used among UL, DL, and sidelink for the same numerology in the same carrier.
Proposal 4: PRB grid is defined on absolute frequency position.
Proposal 5: DC is located in the middle (half subcarrier shifted point) of subcarriers in the numerology with smallest subcarrier spacing.
Proposal 6: DC offset is specified at each band.
Proposal 7: DC is located at the boundary of PRBs in the numerology with smallest subcarrier spacing.
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