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1. Introduction
At the RAN1#86 and RAN1#86bis meetings, following agreements were achieved [1]:
	Agreement:
· The number of subcarriers per PRB is 12
Working assumption:
· Adopt RB grid for FDM as it was agreed in TDM
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 signaling) 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
· Behavior left to implementation, the receiver may for example puncture data received on the DC subcarrier



In this contribution, we discuss remaining aspects of frame structure focusing on frequency-domain.

2. Remaining frequency-domain aspects
2.1. Subcarrier grid for nested resource block structure
Although the nested RB grid structure was agreed for multiplexing multiple numerologies in TDM at the RAN1#86 and also as working assumption for FDM in the RAN1#86bis, we point out that there are still some possible ambiguities how to locate the subcarrier center frequencies within each RB for different SCSs, or in other words how to define RB boundaries while keeping the nested RB structure. The upper part of Fig. 1 illustrates the agreed nested RB grid structure whereas the lower part shows 4 possible options/ambiguities of RB boundary for 4f0 SCS, just as an example, without exceeding the RB grid boundary based on the reference numerology of f0 SCS. Each red circle denotes center SC frequency. To resolve such ambiguities, the following proposal is made.
Proposal 1: 
· RAN1 to clarify the exact subcarrier locations within RB (or equivalently RB boundaries) per numerology according to the agreed nested RB structure.
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Fig. 1: An example of 4 possible options/ambiguities of RB boundary for SCS of 4f0 without exceeding the RB grid boundaries of the reference numerology.

To understand the impacts of the ambiguous options and how such ambiguities above could be resolved, we start with a straightforward approach illustrated in Fig. 2 where we consider four different SCSs of f0, 2f0, 4f0, and 8f0, just as an example. The first SCs for all the different SCSs are aligned on the first SC of the reference numerology of SCS of f0. In this approach, however, it is observed that interference to neighbor RBs is strongly biased to the left, i.e. towards the lower frequencies in Fig. 2, in particular for wider SCSs.
Observation 1
· Interference to neighbor RBs can be strongly biased in case of FDM of multiple numerologies in one carrier.
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Fig. 2: A straightforward approach to align the first SCs of all the SCSs.
To alleviate such strong interference bias for FDM of multiple numerologies, one can consider introducing some offsets for center SC frequencies according to the amount of SCSs. To be more specific, there are 2n choices as offset values (including zero offset) for SCS of 2n f0, without exceeding the RB grid boundaries based on the reference numerology. For example, for n=1, i.e., SCS of 2f0, there are only two possible offset values; either no offset (as shown in Fig. 3) or offset f0 to the right. The both options for n=1 result in no essential difference; interference is slightly biased to the left (as shown in Fig. 3) or to the right. For n=2 (or 3), i.e., SCSs of 4f0 (or 8f0), there are 4 (or 8) choices as offset values. Fig. 1 shows 4 offset values for n=2. It should be noted, though, that not all the combinations of the offset values among different SCSs are possible, if we consider the agreed nested SC mapping rule.
Figs. 3 and 4 illustrate two examples of introducing offsets, while satisfying the nested SC mapping rule. In the both figures, the interference to neighbor RBs is more balanced as compared to Fig. 2. Offset values other than Figs. 3 and 4 are also possible.
Observation 2: 
· SCS dependent frequency offsets can mitigate strongly biased interference to neighbor RBs. Such offset values for different SCSs can be chosen to satisfy the nested SC mapping rule.
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Fig. 3: An example of offsets to the first SCs for some SCSs, while keeping the nested SC mapping.
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Fig. 4: Another example of offset to the first SC, while keeping the nested SC mapping.

When we take a closer look into Figs. 3 and 4, we can make further observations as follows. The interference to neighbor RBs by the SCS 4f0 in Fig. 4 is more biased than that in Fig. 3, but more balanced interference is achieved for the SCS 8f0 in Fig. 4. Considering that interference to neighbor RBs is stronger with wider SC, the offset values in Fig. 4 may lead to less critical interference than in Fig. 3. On the other hand, if 8f0 is not often used or not needed at all, i.e., the offsets in Fig. 3 for up to 4f0 lead to more balanced interference to neighbor RBs than in Fig. 4. Therefore, proper combination of SCS dependent frequency offset values may depend on the range of SCSs to consider. Besides, the choice of offset values may affect other aspects of NR frame design such as reference signals. Thus, we make the following observations and proposal.
Observation 3: 
· Proper combination of SCS dependent frequency offset values may depend on the range of SCSs to consider.
Observation 4: 
· SCS dependent frequency offset values may affect other aspects of NR frame design such as reference signals.
Proposal 2: 
· RAN1 to adopt SCS dependent frequency offsets per numerology for NR.
· Offset values are defined with respect to the reference numerology
· Offset values are configurable by NW

2.2. DC handling
At the RAN1#86bis meeting, use of DFT-s-OFDM was agreed for uplink coverage. In order not to increase PAPR for the DFT-s-OFDM waveform transmission, uplink transmitter DC should not be mapped on a center of a specific subcarrier. One way is to map the DC onto a middle of two adjacent subcarriers as has been done in LTE. This results in shifting the frequency of half-subcarrier for all UEs in the uplink transmission, no matter which waveform the UE actually transmits. In case of OFDM, data symbol(s) mapped on the subcarriers adjacent to DC would be degraded. The impact of this degradation can be avoided by gNB scheduler, if the receiver (= gNB) knows where the DC is. The DC position can be signaled or implicitly derived from other radio parameters. For subcarriers adjacent to the DC, rate-matching is not necessary. Assuming the uplink DC is handled as such, downlink DC can be similarly handled; half-subcarrier shifting.
However, with this approach, DC is not placed at the center of the FFT bandwidth, if a UE is configured with more than one SCSs for uplink transmission in TDM manner.
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Fig. 5: DC setting for scalable numerology (option 1).

Another possibility is to map the transmitter DC on a center of a specific subcarrier. In case of uplink DFT-s-OFDM, PAPR increase cannot be avoided, while in case of downlink, demodulation performance on the DC subcarrier cannot be ensured. Since this is downlink, this can be mitigated by not using the DC subcarrier or by including the DC subcarrier with a large number or PRBs. However, with this approach, since RAN1 agreed not to have an explicit DC subcarrier, the DC is not placed at the center of the FFT bandwidth.
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Fig. 6: DC setting for scalable numerology (option 2).

In either option, either demodulation performance degradation at around DC, and/or PAPR increase due to the presence of DC, cannot be mitigated. TDM of different numerology for one UE should also be taken into account.
Proposal 3: 
· DC issue should be finalized taking into account following factors.
· No explicit DC subcarrier for both DL and UL.
· PAPR increase in uplink transmission with DFT-s-OFDM waveform.
· TDM of multiple scalable numerologies for one UE.

2.3. Necessity of fractional resource block
As the subcarrier spacing becomes wider, resolution of frequency-domain resource allocation becomes coarse. There are some cases where frequency resource less than 1 RB of a given subcarrier spacing cannot be used, such as system bandwidth edge, FDM of different numerologies, etc. In order to compensate for these issues, fractional RB usage was proposed in RAN1#86bis. With the fractional RB, spectral efficiency can be improved. 
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Fig. 7: Fractional RB for scalable numerology.

However, the benefit of fractional RB may not be much significant as the unused resource is always less than 1 PRB. Therefore, if the fractional RB is supported, it should be realized in a simple manner without optimization efforts. Following issues would be expected to be resolved in case of the introduction of fractional RB.
· RS design for fractional RB
· Transport block mapping when fractional RB is present
· How/whether to utilize fractional RB for uplink transmission (including DFT-s-OFDM)
· Transmit power control for uplink when fractional RB is present (for uplink)
· How/whether to map control channel(s) on the fractional RB

Proposal 4: 
· Fractional RB, if it is supported, should not have much design impact on the whole NR design.
· Following open issues need to be resolved, if fractional RB is supported:
· RS design for fractional RB
· Transport block mapping when fractional RB is present
· How/whether to utilize fractional RB for uplink transmission (including DFT-s-OFDM)
· Transmit power control for uplink when fractional RB is present (for uplink)
· How/whether to map control channel(s) on the fractional RB

3. Conclusion
In this contribution, we discussed remaining aspects of frame structure for NR, and reached the following proposals.
Proposal 1: 
· RAN1 to clarify the exact subcarrier locations within RB (or equivalently RB boundaries) per numerology according to the agreed nested RB structure.
Proposal 2: 
· RAN1 to adopt SCS dependent frequency offsets per numerology for NR.
· Offset values are defined with respect to the reference numerology
· Offset values are configurable by NW
Proposal 3: 
· DC issue should be finalized taking into account following factors.
· No explicit DC subcarrier for both DL and UL.
· PAPR increase in uplink transmission with DFT-s-OFDM waveform.
· TDM of multiple scalable numerologies for one UE.
Proposal 4: 
· Fractional RB, if it is supported, should not have much design impact on the whole NR design.
· Following open issues need to be resolved, if fractional RB is supported:
· RS design for fractional RB
· Transport block mapping when fractional RB is present
· How/whether to utilize fractional RB for uplink transmission (including DFT-s-OFDM)
· Transmit power control for uplink when fractional RB is present (for uplink)
· How/whether to map control channel(s) on the fractional RB
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