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[bookmark: _Ref131346114]Introduction
[bookmark: _Hlk91172414]The Work Item to add NR support for dedicated spectrum less than 5 MHz for FR1 was revised ([1]) in RAN#99. This WI introduces new channel bandwidth(s) narrower than 5 MHz.
Based on the approved WF agreed in RAN4#106-bis meeting ([2]), this contribution discusses the remaining open issues related to the synchronization raster aspects.
Discussion 
Overview of our proposals
In the following sub-sections, we are elaborating further on our proposals for the new synchronization raster and n100 use cases. 
Those proposals could be summarized by:
· Specifying one new synchronization raster based on RAN1 decision on the punctured SSB design (sub-section 2.2).
· Adding one distinct synchronization raster points for band 100 and 12 RBs transmission bandwidth in 3 MHz channel bandwidth, this to address the specificities of the transition phases for the deployment FRMCS (sub-section 2.3).
· Adding one distinct synchronization raster points for band 100 and 20 RBs transmission bandwidth in 5 MHz channel bandwidth, this to address the specificities of the transition phases for the deployment FRMCS (sub-section 2.4).
Proposal1: RAN4 shall specify one new synchronization raster scheme only for 3 MHz channel bandwidth based on RAN1 punctured SSB design. 
Proposal2: To address FRMCS deployment migration, RAN4 shall specify one specific sync raster point for 12 RBs transmission bandwidth and another one for 20 RBs transmission bandwidth.

New Synchronization raster design
Synchronization raster step size
In last RAN4#107 meeting, following metrics were agreed to evaluate the different proposals for the new synchronization for 3 MHz channel BW. 
[image: ]
It should be noted that no prioritization has been set between each metric. Such prioritization would be needed for RAN4 to make the right choice, addressing best the operators’ needs.
To our understanding, when selecting one of the proposed options, the main criteria is to first align with RAN1 design. In other words, the selecting synchronization raster shall support the RAN1 choice on the punctured SSB design. 
If RAN1 decides to design a 15 RBs punctured SSB, as we demonstrated in our last contribution ([5]), the synchronization raster step size shall be 100 kHz to make sure that, for each channel raster position, it would be possible to associate a valid synchronization raster point, giving the operators the maximum flexibility when deploying their network. 
However, if RAN1 decides to design a 12 RBs punctured SSB, then a synchronization raster step size of 600 kHz would be sufficient.
Synchronization raster offset
Regarding the synchronization raster offset, this might be depending again on RAN1 choice on the punctured SSB size. 
We consider that the synchronization raster should map to the middle of PSS/SSS, as it’s currently the case with legacy SSB (k=120). Based on this, considering a 12 RBs punctured SSB, the middle of the punctured SSB could correspond to the middle of PSS/SSS. But considering a 15 RBs punctured SSB, preserving the RB alignment, this won’t be the case anymore. As shown in Figure 1, assuming 1 RB punctured at the bottom and 4 RBs at the top of a legacy SSB, there will be an offset of 270 kHz between the middle of the 15 RBs punctured SSB (which will also correspond to the channel raster point) and the middle of PSS/SSS.
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[bookmark: _Ref134521914]Figure 1: Example of a 15 RBs punctured  SSB


Based on the above observations and assumptions, for a 15 RBs punctured SSB, we consider the channel raster and the synchronization raster shall both have a step size of 100 kHz, and both shall be separated with an offset of 270 kHz (when 1 RB/4 RBs is punctured at the bottom/top of the legacy SSB). 
In other words, assuming the above design for the punctured SSB, the sync raster could be specified with the following formula: 
SSREF = N*100 + 70 kHz, N being defined according to the considered bands.	(1)
In one proposal captured in the way forward ([2]), for 100 kHz sync raster, an offset of 30 kHz was also suggested. Actually, this proposal would be similar to ours mentioned above, but assuming PSS/SSS would be closer to the bottom of the 15 RBs (4 RBs/1 RB are punctured at the bottom/top of the legacy SSB), and not to the top as we assumed in our proposal. The offset between the channel raster point and the corresponding synchronization raster entry would then be -270 kHz. 
SSREF = N*100 + 30 kHz, N being defined according to the considered bands.	(2)

As discussed above, with a 12 RBs punctured SSB, a synchronization raster step size of 600 kHz could be considered, giving more flexibility on the possible offset(s) to consider. In the last way forward ([2]), following offset options have been captured: 120 kHz, 240 kHz, 280 kHz and 300 kHz. 
To maximize the offset between legacy and new sync raster points, the 300 kHz should most likely be preferred. The new sync raster formula would then be: 
SSREF = N*600 + M*50 + 300 kHz, N being defined according to the considered bands, M ϵ {1,3,5}.	(3)

Legacy vs new sync raster
As seen before, with 15 RBs punctured SSB and a 100kHz synchronization raster step size, the offset between the channel raster and the new synchronization raster will be 70 or 30 kHz depending on RAN1 design. This means that the new synchronization raster entries will not overlap the legacy ones for the bands listed in the WI (i.e. n100, n106, n26, n28 and n85). 
Indeed, for bands below 3 GHz with a channel raster not based on the SCS, a 50kHz offset is always added to the N * 1200 kHz position, as shown in Table 1 (extracted from Table 5.4.3.1-1 in TS 38.104): 
[bookmark: _Ref134522587]Table 1:  GSCN parameters for the global frequency raster (from TS 38.104)
	Range of frequencies (MHz)
	SS block frequency position SSREF
	GSCN
	Range of GSCN

	0 – 3000
	N * 1200 kHz + M * 50 kHz,
N = 1:2499, M ϵ {1,3,5} (Note)
	3N + (M-3)/2
	2 – 7498

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



The new and legacy synchronization raster will always be separated at least with an offset of 20 kHz. 
Considering the UE frequency error requirement (10ppm) and considering that all targeted bands are below 1 GHz, the 20 kHz separation between a new and a legacy sync raster point is 10 kHz above the maximum allowed frequency error. 

For a 12 RBs punctured SSB, based on the proposed formula (3), the minimum distance between legacy and new sync raster point would be when M=1 (or 5) for the legacy sync raster and M=5 (or respectively 1) for the new sync raster, as shown in the Figure 2. The minimum offset would then be equal to 100 kHz. 
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[bookmark: _Ref134522087]Figure 2: Legacy vs new sync raster (12 RBs punctured SSB)




The following Table 2 summarizes our proposal based on RAN1 decision.
Proposal3: Specify the new synchronization raster for 3 MHz channel bandwidth according to the following table, based on RAN1 decision.
[bookmark: _Ref134522207]Table 2: New synchronization raster design based on RAN1  decision
	Punctured SSB size 
(RAN1 decision)
	Punctured SSB design
(RAN1 decision)
	Synchronization raster step size
	Synchronization raster offset
	Minimum offset between legacy and new sync raster

	15 RBs
	PSS/SSS closer to the top
	100 kHz
	70 kHz
	20 kHz

	
	PSS/SSS closer to the bottom
	100 kHz
	30 kHz
	20 kHz

	12 RBs
	
	600 kHz
	300 kHz
	100 kHz






Band n100: 12 RBs in 3 MHz channel bandwidth
In its LS reply ([3]), RAN requested RAN1 to consider the use case of a 12 RBs PBCH transmitted in 3 MHz channel bandwidth signal.
Our understanding is that this scenario of 12 RBs PBCH in a 3 MHz channel bandwidth would only be beneficial in the FRMCS context, when migrating from GSM-R to FRMCS, being able then to maintain 14 GSM-R carriers in a first phase for a smooth transition. 
Looking closer at the migration scenario described in the table given in [4], when FRMCS and GSM-R will operate together, our understanding is that FRMCS would be at the lower edge of n100, while GSM-R would be at the upper edge. 
Observation1: During the migration phase, FRMCS will be operated at the lower edge of n100 while GSM-R will be at the upper edge. 
Considering a 12 RBs punctured SSB in a 3 MHz signal:
· The outermost channel raster at the lower edge of n100 will still be at 921.0 MHz. 
· The 12 outermost RBs in the 15 RBs punctured SSB would be in the 919.6425 – 921.8025 MHz frequency range, as shown in Figure 3. 
Keeping the synchronization raster mapping with the centre of the 12 RBs punctured SSB (which also corresponds to the centre of PSS/SSS here), RAN4 should then define a synchronization raster entry at frequency 920.73 MHz. 
Proposal4: Specify a synchronization raster entry at frequency 970.73 MHz for 12 RBs punctured SSB in 3 MHz channel bandwidth signal. 
It should be noted that, whatever punctured SSB design is chosen by RAN1, this specific sync raster point will not overlap with any new sync raster points. And here, for band n100, there is no issue with legacy UE as this band has not yet been deployed.
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[bookmark: _Ref131345932]Figure 3: Lowest channel synchronization raster for 12 RBs SSB (3MHz) in band n100
Comparing with the first legacy sync raster point, this new specific sync raster point will have an offset of 920 kHz with the first legacy sync raster point.
Band n100: 20 RBs in 5 MHz channel bandwidth
In the scope of the FRMCS migration in band n100, another scenario to be considered is a signal strictly restricted to 20 RBs, and this in a 5 MHz channel bandwidth signal.
For such scenario, the legacy SSB (20 RBs) doesn’t have to be punctured. 
With current synchronization raster definition for band n100, the first entry will be at frequency 921.65 MHz (GSCN=2303), the channel raster being at 922.1 MHz.
Nevertheless, as shown on Figure 4, in the scope of FRMCS migration in band n100, it would be more optimal to put the 5 MHz channel bandwidth signal as close as possible to the lower edge of band n100, i.e. to place the channel raster at 919.9 MHz, with a corresponding synchronization raster at 921.45 MHz. 
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[bookmark: _Ref131346025]Figure 4: First channel synchronization raster for 20 RBs (5MHz) in lowest edge band n100

Also, with this new specific synchronization raster, the UE could also easily figure out that operation will be restricted to the 20 RBs in the 5 MHz channel bandwidth.
Proposal5: Specify a new synchronization raster entry at 921.45 MHz for n100 to optimize FRMCS migration.
Comparing with the first legacy sync raster point, this new specific sync raster point will have an offset of 200 kHz.


Proposals analysis
We analysed here after our proposals based on the metrics proposed in the way forward [2]:
1- Better aligned with PBCH design in RAN1.
We have proposed different alternatives, each of them is aligned with one option of the PBCH designed in RAN1. Based on RAN1 decision, the corresponding alternative could be selected, it will address the …
2- Better facilitate the additional sync-raster points for 12, 15 and 20 PRBs PBCH transmission bandwidth.
We have proposed to add new specific sync raster point for 12 and 20 RBs in band n100. This will address the transition needs from GSM-R to FRMCS, optimizing deployment scenarios and the spectrum usage, without introducing additional constraints on UE side.
3- Minimize number of sync-raster points to cover all possible channel raster points.
The 2 alternatives for the new sync raster will minimize the number of raster points, preserving deployment flexibility which is key for operators. 
Moreover, we only introduced 2 new sync raster points for 12 and 20 RBs for band n100, which is the strict minimum. Also, as those sync raster points are distinct from the other raster points, the UE could easily determine which punctured SSB is used. 
4- Maximize distance between legacy sync-raster points and new sync-raster points.
a. The target of new sync raster design is for UE to differentiate the new sync raster from the legacy sync-raster
With the new sync raster scheme, the minimum distance between the new and the legacy sync raster points is respectively 20 and 100 kHz depending on RAN1 decision. This is still above the UE frequency error requirement for bands below 1 GHz.
Following Table 3 resumes this analysis for the different options and proposals we have made in this contribution.
[bookmark: _Ref134522364]Table 3: Analysis of our proposals based the agreed metrics
	
	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
	Better facilitate the additional sync-raster points for 12, 15 and 20 PRBs PBCH transmission bandwidth
	Better aligned with PBCH design in RAN1


	SSREF = N*100 + 70 kHz
Or 
SSREF = N*100 + 30 kHz
	Strict minimum of sync raster points for 15 RBs punctured SSB.
	20 kHz (10 kHz above UE frequency error requirement)
	Yes, see below
	Fully aligned with RAN1 decision if RAN1 select 15 RBs

	SSREF = N*600 + M*50 + 300 kHz
	Minimum of sync raster points for 12 RBs punctured SSB.
	100 kHz
	Yes, see below
	Fully aligned with RAN1 decision if RAN1 select 12 RBs

	Specific sync raster for 12 RBs in band n100
	Only 1
	920 kHz
	Yes, this is specific sync raster 
	Yes, not depending on RAN1 decision

	Specific sync raster for 20 RBs in band n100
	Only 1
	200 kHz
	Yes, this is specific sync raster
	Yes, not depending on RAN1 decision



Conclusion
In this contribution we discussed the synchronization raster for 3 MHz channel bandwidth signal in the scope of the new WI on NR support for dedicated spectrum less than 5 MHz. We also investigated the specific scenarios related to FRMCS migration in band n100. We made the following observation and proposals:
Proposal1: RAN4 shall specify one new synchronization raster scheme only for 3 MHz channel bandwidth based on RAN1 punctured SSB design. 
Proposal2: To address FRMCS deployment migration, RAN4 shall specify one specific sync raster point for 12 RBs transmission bandwidth and another one for 20 RBs transmission bandwidth.
Proposal3: Specify the new synchronization raster for 3 MHz channel bandwidth according to the following table, based on RAN1 decision.
	Punctured SSB size 
(RAN1 decision)
	Punctured SSB design
(RAN1 decision)
	Synchronization raster step size
	Synchronization raster offset
	Minimum offset between legacy and new sync raster

	15 RBs
	PSS/SSS closer to the top
	100 kHz
	70 kHz
	20 kHz

	
	PSS/SSS closer to the bottom
	100 kHz
	30 kHz
	20 kHz

	12 RBs
	
	600 kHz
	300 kHz
	100 kHz



Observation1: During the migration phase, FRMCS will be operated at the lower edge of n100 while GSM-R will be at the upper edge. 
Proposal4: Specify a synchronization raster entry at frequency 970.73 MHz for 12 RBs punctured SSB in 3 MHz channel bandwidth signal. 
Proposal5: Specify a new synchronization raster entry at 921.45 MHz for n100 to optimize FRMCS migration.
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