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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN1#88, following agreements on subcarrier grid were made [1].

Agreements:
· RAN1 will down select between following alternatives in the next meeting
· Alt.1
· Assuming the subcarriers in a PRB are numbered from 0 to 11, for a given SCS F0, subcarrier 0 always coincide with a subcarrier 0 of all SCS of order less than F0.
· Alt.2:
· For a given SCS F0, subcarrier 0 has SCS dependent offset of PRB boundary based on the largest subcarrier spacing supported by the carrier

Alt.2 was clarified further as follows [2].
· Assuming the subcarriers in a PRB are numbered from 0 to 11, subcarrier 0 for the largest SCS FM=15kHz x 2M supported by a NR carrier coincides with a subcarrier 2K-1-1 for smaller SCS of FN=FM x 2-K (K=1,2,…).

In addition, there are following agreements on DC handling.
Agreements:
· Handling of transmitter DC subcarrier at the transmitter
· DL
· UE may assume transmit DC subcarrier at the transmitter (gNB) side is modulated, i.e., data is neither rate-matched nor punctured.
· Signal quality requirement (e.g., EVM) corresponding to DC subcarriers is up to RAN4.
· UL
· Transmit DC subcarrier at the transmitter (UE) side is modulated, i.e., data is neither rate-matched nor punctured.
· Signal quality requirement (e.g., EVM) corresponding to DC subcarriers is up to RAN4.
· The transmitter DC subcarrier at the transmitter (UE) side should avoid collisions at least with DMRS if possible
· The specification should define at least one particular subcarrier as the candidate position of DC subcarrier, e.g., DC subcarrier is located at the boundary of PRBs
· This should be considered in the RS design for NR
· Specify means for the receiver to determine DC subcarrier location
· This involves semi-static signalling from UE and also standard specified DC subcarrier location
· FFS how to determine and how to indicate DC subcarrier location in the case of bandwidth adaptation
· Note that above DC subcarrier can be interpreted as DC subcarrier candidate

Agreements:
· RAN1 should consider the impact of the potential receiver DC subcarrier collision with RS used by that receiver and whether NR design would offer the possibility of collision free operation
· Note that this does not create the requirement for receiver on receiver DC subcarrier handling

In this contribution, we discuss remaining aspects on frame structure focusing on frequency domain such as subcarrier grid and DC subcarrier handling.

Subcarrier grid
The alternatives on subcarrier grid are illustrated in Fig.1. In Fig.1, physical RB boundary, which is here assumed to be the middle of the subcarriers are also illustrated. 
Alt.1 is simple as subcarrier 0 always coincides with a subcarrier 0 of all subcarrier spacing. Alt.1 definitely has nested manner.  The concern raised was unbiased interference of larger subcarrier spacing to neighbor PRBs with different numerology. If numerology nf0 and numerology mf0 (m>n) are FDMed, PRB for numerology nf0 which is FDMed in left side of numerology mf0 will be impacted by larger interference from numerology mf0 than PRB for numerology nf0 which is FDMed in right side of numerology mf0. For simplicity, assuming inter-numerology can be suppressed if physical RB boundaries are not overlapped and f0 and 4f0 are FDMed, 2 subcarriers of f0 are not available if f0 are FDMed in left side of numerology 4f0, while all subcarriers of f0 are available if f0 are FDMed in right side of numerology 4f0.
The merit of Alt.2 is unbiased interference related to largest subcarrier spacing can be suppressed. Similar to above example, assuming inter-numerology can be suppressed if physical RB boundaries are not overlapped and f0 and 4f0 are FDMed, 1 subcarriers of f0 are not available if f0 are FDMed in left side of numerology 4f0, while all subcarriers of f0 are available if f0 are FDMed in right side of numerology 4f0. Therefore, Alt.2 would have potential to reduce unavailable subcarriers for mixed numerology by FDM. However, the impact inter-numerology interference can be mitigated by gNB scheduler choosing to schedule transmissions with more robust MCS for such PRBs. 
The disadvantage of Alt.2 is candidate DC position would be changed depending on the combination of numerologies. It would complicate design such as DC handling and RS location. In addition, in Alt.1 unavailable subcarrier could be either edge of subcarriers in a PRB. On the other hand, In Alt.2, unavailable subcarrier could be both edge of subcarriers in a PRB depending on numerologies to be FDMed. For example, subcarrier #0 might not available if f0 are FDMed in right side of numerology 2f0, while subcarrier #11 might not be available if f0 are FDMed in left side of numerology 4f0.
Furthermore, in Alt.2, subcarrier #11 coincides with a subcarrier 11 of all SCS except to largest subcarrier spacing. Therefore, Alt.1 and Alt.2 are basically the same except for the largest subcarrier spacing.
Based on above analysis, the benefit of Alt.2 does not seem large. Then, Alt.1 would be simple and sufficient.

Proposal 1: Alt.1 is selected as subcarrier gird.
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(a) Alt.1
[image: ]
(b) Alt.2
Fig. １ Alternatives of subcarrier grid within a PRB.

DC handling
Clarification of the agreements in RAN1 NR Adhoc on DC handling
It was agreed in RAN1 NR Adhoc [3] that for handling of transmitter DC subcarrier at the transmitter in UL, “the specification should define at least one particular subcarrier as the candidate position of DC subcarrier, e.g., DC subcarrier is located at the boundary of PRBs.” However, this description could be possible ambiguity on the interpretation of “boundary of PRBs”. In other words, whether DC is mapped on a specific subcarrier position as shown in Fig. 2 or it is still possible candidate that DC is mapped on half-subcarrier shift of a specific subcarrier spacing as shown in Fig.3. Our interpretation of the agreements is only Fig.1 case. The interpretation of the “boundary of PRB” should be the specific subcarrier at the edge of PRB.
In addition, in the previous meeting, on the one of agreements “the transmitter DC subcarrier at the transmitter (UE) side should avoid collisions at least with DMRS if possible”, the interpretation of “should” had been discussed in offline. For DFT-s-OFDM, there is possibility of mapping RS to all subcarriers. If the intension of “should” in the above agreements on collision between candidate DC and RS is an obligation, it is required to prepare the subcarrier at which RS is not located for DFT-s-OFDM. Therefore, in our understanding, the intension of “should” is a recommendation and possibility of mapping RS to all subcarriers for DFT-s-OFDM is not precluded. In the case where RS is mapped to all subcarriers for DFT-s-OFDM, the collision with the candidate DC subcarrier could be avoided by scheduling as one of solutions. Another possibility is signal quality requirement of RS on DC subcarrier is up to RAN4.
[image: ]
Fig. 2 DC is mapped on a specific subcarrier position for all subcarrier spacing and it is located at edge subcarriers in PRB of all numerologies.
[image: ]
Fig. 3 DC is mapped on half-subcarrier shift of a specific subcarrier spacing (numerology 1) and it is located at the boundary of PRB for numerology 1.

Candidate DC subcarrier position
It was agreed in the previous meeting that for handling of transmitter DC subcarrier, the specification should define at least one particular subcarrier as the candidate position of DC subcarrier, e.g., DC subcarrier is located at the boundary of PRBs. In addition, it was also agreed that for the receiver DC subcarrier, RAN1 should consider the impact of the potential receiver DC subcarrier collision with RS used by that receiver and whether NR design would offer the possibility of collision free operation. In this contribution, we discuss candidate DC subcarrier position. Following cases are considered.
Case A: gNB/UE RF is aligned with NR carrier bandwidth
Case B: UE RF is narrower than NR carrier bandwidth
Case C: gNB/UE RF is wider than NR carrier bandwidth e.g., multiple carriers are realized by one RF.

Case A: gNB / UE RF is aligned with NR carrier bandwidth
[bookmark: _GoBack]In [4], we proposed to have common PRB boundary regardless of the number of PRBs within system bandwidth and common PRB boundary among UL, DL, and sidelink. Considering these proposals in Case A, there is one DC subcarrier. If the DC subcarrier is located at one edge subcarrier of a PRB, even in the mixed numerology case, DC subcarrier can be located at one edge subcarrier of a PRB for all numerologies as shown in Fig. 4 since PRB grid has nested structure.
[image: ]
Fig. 4 DC position and PRB grid for mixed numerologies.

Case B: UF RF is narrower than NR carrier bandwidth
In Case B, if centre of UE’s narrowband is located at one edge subcarrier of a PRB and centre of NR carrier is also located at one edge subcarrier of a PRB, the subcarrier affected by DC could be only edge subcarriers of a PRB. The DC at the UE side can be “candidate DC position.” The location of candidate DC position could be determined from UE bandwidth and/or capability.
[image: ]
Fig.5 Example of Case B

Case C: gNB / UE RF is wider than NR carrier bandwidth, e.g., multiple carriers are realized by one RF
Case C may not require DC handling as RF’s DC can be somewhere between NR carrier bandwidth as shown in Fig.6. 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 C. Such candidate DC position can be treated similar to Case 1 if centre is located at one edge subcarrier of a PRB both within the carrier. 
Above would be the situation when there are even carriers with the equal bandwidth of each carrier. When there are odd carriers with the equal bandwidth of each carrier, the operation in the centre carrier is same as case A. When non-equal bandwidth case, anything can be possibility but to limit only the cases supported by case B would be good way to minimize the system design complexity.
[image: ]
Fig.6 Example of Case C

Proposal 2: DC subcarrier is located at one edge subcarrier of a PRB and DC subcarrier candidate location is standard specified.

On exact DC candidate position, the discussion on minimum NR carrier bandwidth, synchronization signal bandwidth, synchronization signal subcarrier spacing needs to take into account further.
Conclusion
In this contribution, we clarified some possible ambiguous points of the agreements on the DC handling and discussed remaining aspects on the frame structure focusing on frequency domain. We have the following proposals:
Proposal 1: Alt.1 is selected as subcarrier gird.
Proposal 2: DC subcarrier is located at one edge subcarrier of a PRB and DC subcarrier candidate location is standard specified.
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