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1. Introduction
It has been determined to enhance support in 5G NR wireless communication systems using dedicated spectrum that is less than 5 MHz in FR1. Support for such uses may be of particular benefit in, e.g., future railway mobile communication system (FRMCS) contexts and spectrum re-farming. From the System Parameters point of view, the main question is still what will be the new synchronization raster for this specific capability.
Evaluation of the proposals will be made based on the following metrics to select one option or have both options for different SSB transmission bandwidths in different bands: 1) Minimize number of sync-raster points to cover all possible channel raster points. 2) Maximize distance between legacy sync-raster points and new sync-raster points, and 3) Better facilitate additional sync-raster points for 12, 15 and 20 PRBs PBCH bandwidths.
2. Discussion
From the UE point of view, the raster entries/raster points of a synchronization raster enable UE acquisition for purposes of accessing a cell. This may occur through the monitoring, by the UE, of one or more raster points of the synchronization raster until an SSB is detected on one of the raster points. Current definition in 38.101-1 is given below.
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From the WI objectives, it can be concluded that while the RAN4 requirements are intended to cover spectrum allocations from approximately 3 MHz up to below 5 MHz, the RF channel bandwidth impact is quite limited. A new optional 3 MHz channel bandwidth is defined, and the already available 5 MHz channel bandwidth is available for the other use cases. It is assumed that UE support of the sub-5MHz feature is band-specific and optional.
From RAN Plenary point of view, it has been concluded that 1) there might be bands where the sub-5MHz feature is planned and legacy NR UEs are already deployed there, and 2) there might be other more greenfield bands where no legacy NR UEs has been deployed. As discussed in previous meetings, to limit the impact to any legacy UEs in the same frequency range, it would be helpful if there is sufficient differentiation for a legacy UE not to attempt to access a new sync raster for sub-5MHz UEs. As mentioned in prior submissions, it would be beneficial if there is enough distinction for a legacy UE to refrain from attempting to access a new sync raster for sub-5MHz UEs in order to minimize the impact on any legacy UEs in the same frequency range. As previously said, this would be a waste of energy and resources for a legacy UE and might potentially have an adverse effect on initial access KPIs. To provide this differentiation between legacy and a new finer sync raster, RAN4 perspective is that the easiest way is to design a set of new sync raster for 3MHz, and the legacy UE will not perform cell search on these points.
RAN4 work continued during RAN4#106bis-e on NR support for dedicated spectrum less than 5MHz for FR1 [1]. The WF on System Parameters was agreed [2], and the following open issues remain:
	Issue 1-1: PBCH design
· Proposal 1: For 3MHz Channel Size, RAN4 to study minimum modifications to PBCH to help legacy 5 MHz or greater quickly differentiate sub-5 MHz channel SSBs vs legacy 5 MHz or greater channels 1. (Apple)
· Proposal 2: Consider the 12 RBs PBCH in 3 MHz channel bandwidth consideration to band n100 only. (Ericsson)
Agreement: 
· FFS
Issue 1-2: Finer synchronization raster for 3 MHz channel bandwidth
           Proposals in RAN4#106-bis-e
· Option 1: A kHz + N * 600 kHz + M * 50 kHz, M ϵ {1,3,5} (Apple)
· Option 2: N * 600kHz + M * 50 kHz + 300kHz, N ϵ {1:2499}, M ϵ {1,3,5} (Intel)
· Option 3: 100 kHz synch raster (Ericsson, Nokia, ZTE)
· Option 4: 600 kHz + N * 1200 kHz + M * 50 kHz, N ϵ {1:2499}, M ϵ {1,3,5} plus 120 kHz + N * 1200 kHz + M * 50 kHz, N ϵ {1:2499}, M ϵ {1,3,5} (Nokia, MediaTek)
· Option 5: 120 kHz + N * 600 kHz + M * 50 kHz, N ϵ {2:4999}, M ϵ {1,3,5} (Nokia, MediaTek)
· Option 6: 240 kHz + N * 600 kHz + M * 50 kHz, N ϵ {2:4999}, M ϵ {1,3,5} (vivo)
· Option 7: N*100 kHz + 30 kHz, N = 9206:1:9232 for 12 RB transmission bandwidth, only for n100; N * 600kHz + M * 50 kHz + 280 kHz, N=1534:1538, M ϵ {1,3,5} for 15 RB transmission bandwidth, all bands within the WID including n100, value of N shown for n100 (Qualcomm)
· Option 8: 300 kHz+ N * 600 kHz + M * 50 kHz, N ϵ {1:4998}, M ϵ {1,3,5} for 12 RB SSB; 100 kHz synch raster for 15 RB SSB (Huawei)
· Option 9: If SSB don’t be broadcast in 3 MHz CBW, it will be no necessity to design a new sync raster. At that case, we can skip the discussion on new sync raster design and discuss it in subsequent R19. (ZTE)
           They can be categorized into two main options:
· Option I: N * 600kHz + M * 50 kHz + A kHz, N ϵ {1:2499}, M ϵ {1,3,5}, A = TBD.
· Option II: N * 100 kHz + B kHz, N ϵ {9206:1:9232}, B = TBD.
Agreement:
· Evaluation of the proposals will be made based on the following metrics to select one option or have both options for different SSB transmission bandwidths in different bands. 
- Minimize number of sync-raster points to cover all possible channel raster points.
        - Maximize distance between legacy sync-raster points and new sync-raster points.
- The target of new sync raster design is for UE to differentiate the new sync raster from the legacy sync-raster
- Better facilitate the additional sync-raster points for 12, 15 and 20 PRBs PBCH transmission bandwidth.
- Better aligned with PBCH design in RAN1

Issue 1-3: Additional synchronization raster for n100
· Proposal 1: Specify a synchronization raster entry at frequency 920.73 MHz for n100 for 12 RBs punctured SSB in 3 MHz channel bandwidth signal. (Ericsson)
· Proposal 2: Specify a new synchronization raster entry at 921.45 MHz for n100 for 20 RBs SSB in 5 MHz channel bandwidth signal to optimize FRMCS migration. (Ericsson)
· Proposal 3: Add a new sync raster for 5 MHz channel bandwidth at n100 lower band edge to support smooth migration from narrow band to wideband operation. (Nokia)
· Proposal 4: It is feasible to define an additional sync raster point for 5 MHz channel bandwidth for n100. (ZTE)
· Proposal 5: Choose between three options for narrowband operation with 5 MHz RF channel bandwidth in n100: (Qualcomm)
· Option 1: Use GSCN 2303 where channel centered at 922.1 MHz results in SSB aligning with lowest 20 RB of the 5 MHz channel.
· Option 2: Specify one new sync raster point 200 kHz below GSCN 2303, allowing use of 5 MHz channel centered at 921.9 MHz.
· Option 3: Specify 4 new raster points to enable 5 MHz ChBW with 20 PRB Tx BW in the low edge of any channel position within n100
Agreement: 
· FFS



Based on the previous analysis [3], one way to have sufficient differentiation for a legacy UE not to attempt to access a new sync raster for sub-5MHz UEs was to add small differences to SSB/PBCH to avoid unnecessary PBCH demodulation. This could be modification to PBCH DMRS or the cell ID range indicated by PSS/SSS. We still believe this is a useful feature, in the case the frequency separation between legacy raster points and new raster points is not enough to account for partial overlap / local oscillator related uncertainty, specially during the initial access stage.
Proposal 1: For PBCH design, follow RAN1 design.
On the other hand, during RAN4#106 there were several proposals from different companies, each of which provided their respective analysis. See Figure 1. Some of the proposals would overlap/coincide with legacy raster points, while others would not.
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Figure 1: New sync raster proposals along with legacy sync raster points.

Upon further inspection, one can separate the proposals into two types:
· Option 1: N * 600kHz + M * 50 kHz + A kHz, N ϵ {1:2499}, M ϵ {1,3,5}, A = TBD.
· Option 2: N * 100 kHz + B kHz, N ϵ {9206:1:9232}, B = TBD.
It has been discussed that these two options have their pros and cons, and we could either select one option or have both options for different SSB transmission bandwidths in different bands. For each of them, a free offset parameter can be optimized.
To understand the achievable frequency separation with the legacy raster points, we swept the possible offset values for each case, and we plot the minimum separation in kHz in Figure 2.  


[image: ]
Figure 2: Minimum separation in kHz between legacy sync raster and the proposed new Floating Raster.

In the case of the floating raster design, we observe that the maximum frequency separation is achieved with an offset of A = 300 kHz. This indicated that N * 600 kHz + M * 50 + 300 kHz is a good starting point, without considering band edges. This maximum separation, 100 kHz, is the same as the minimum separation between raster points in the legacy raster.
Observation 1: The floating sync raster approach provides a maximum separation of 100 kHz for an offset of 300 kHz, same as minimum separation between legacy raster points. 
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Figure 3: Minimum separation in kHz between legacy sync raster and the new proposed raster in lockstep with 100 kHz channel raster
In the case of the 100 kHz-based raster design, we observe that the maximum frequency separation is achieved with an offset of B = 300 kHz. However, this maximum separation, 50 kHz, is already hafl of the minimum separation between raster points in the legacy raster. This may or may not create concerns with respect to frequency uncertainty during initial access procedures. Nonetheless, N * 100 kHz + 300 kHz seems a good starting point, if this raster is chosen. 
Observation 2: The 100 kHz based raster approach provides a maximum separation of 50 kHz separation, which is half the frequency separation between raster points that in the legacy raster.


3. Conclusion
In this contribution we analyzed two alternatives for a new synchronization raster for spectrum and channels of less than 5MHz. Our proposals and observations are listed below:
Proposal 1: For PBCH design, follow RAN1 design.
Observation 1: The floating sync raster approach provides a maximum separation of 100 kHz for an offset of 300 kHz, same as minimum separation between legacy raster points. 
Observation 2: The 100 kHz based raster approach provides a maximum separation of 50 kHz separation, which is half the frequency separation between raster points that in the legacy raster.
Proposal#2: For 3MHz Channel Size, use a new finer synchronization raster based on the floating raster approach, with a starting value of the offset A = 300 kHz.
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Table 5.4.3.1-1: GSCN parameters for the global frequency raster

Frequency range SS Block frequency position SSrer GSCN Range of GSCN
0 — 3000 MHz N * 1200kHz + M * 50 kHz, 3N + (M-3)/2 2—-7498
N=1:2499, M € {1,3,5} (Note 1)
3000 — 24250 MHz 3000 MHz + N * 1.44 MHz 7499 + N 7499 — 22255
N =0:14756

NOTE 1: The default value for operating bands with which only support SCS spaced channel raster(s) is M=3.
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