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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#96 meeting ([2]), this contribution discusses the remaining open issues related to the synchronization raster aspects.
Discussion 
Synchronization raster
3 MHz channel bandwidth
Synchronization raster step size
RAN4 agreed to specify 15 RBs as the transmission bandwidth configuration for 3 MHz channel bandwidth and 15 kHz SCS  ([2]). 
Our understanding from latest RAN1 discussion, in order to optimize performance and coverage, the punctured SSB size for 3 MHz channel BW should be equal to the transmission bandwidth configuration, i.e. 15 RBs.
If this is confirmed, as explained in our contribution [6] in last RAN4#106 meeting, to provide a maximum flexibility to operators’ deployment, there is no other option than specifying a synchronization raster step size equal to the channel raster step size, i.e. 100 kHz. This is based on the following formula: 
ΔFSC,Raster ≤ BWConfig – BWSSB + ΔFCH,Raster
With: 
	ΔFSC,Raster: sync raster step size
BWConfig: transmission bandwidth configuration
BWSSB: SSB bandwidth 
ΔFCH,Raster: channel raster step size
Proposal1: If RAN1 confirms the punctured SSB size for 3 MHz channel bandwidth shall be equal to the transmission bandwidth configuration (i.e. 15 RBs), the synchronization raster step size shall be equal to 100 kHz. 
One drawback of this proposal is that UE will have to search for SSB and try to synchronize every 100 kHz of the considered band, like it was done for LTE. Nevertheless, the considered bands in the WI are relatively narrow, thus the impact should still remain limited. 
Synchronization raster mapping
For 3 MHz channel bandwidth and 15 RBs transmission bandwidth configuration, the channel raster will point to the resource element index 6 of the 7th RBs. 
Currently, with 20 RBs SSB, the synchronization raster is mapped to resource element k=120 of the SSB. The synchronization raster is at the centre of PSS/SSS. 
With a punctured SSB, one option would be to keep the synchronization raster mapped to the centre of PSS/SSS. Also, the punctured SSB could be defined by keeping the resource element indexation (k) used for the legacy SSB, and restricting the range of resource elements that will define the punctured SSB. For example, if 4 RBs are punctured at the top and 1 RB at the bottom of legacy SSB, the punctured SSB could be defined by resource elements of index 12 to 191, as shown in Figure 1. By doing so, the legacy synchronization raster mapping would still be applicable, meaning that the synchronization raster will still map to resource element k = 120, corresponding to the centre of PSS/SSS. 
This has to be agreed and confirmed by RAN1, but this assumption is taken in the following of this contribution.
Observation1: Pending on RAN1 agreement, the new synchronization raster for 3 MHz channel bandwidth could still be mapped to resource element k =120 of the legacy SSB (and punctured SSB), pointing to the centre of PSS/SSS.
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[bookmark: _Ref131602555]Figure 1: Example of a punctured SSB and its associated resource elements indexation
 


Based on the above assumption, the synchronization raster will not correspond to the channel raster but there will be a fixed offset between then, pending on RAN1 agreement on how the SSB will be punctured. Depending on the number of RBs (1 to 4) punctured in the lower SSB edge, this offset will be 270 kHz or  90 kHz.
Observation2: Assuming the synchronization raster will be mapped to the centre of PSS/SSS and an RB punctured SSB, there will be a fixed offset (90 or 270 kHz, pending on RAN1 agreement) between the synchronization raster and the channel raster.

Legacy vs new synchronization raster
With such 100kHz synchronization raster step size, and a fixed offset (90 or 270 kHz) between the channel raster and the new synchronization raster, the new synchronization raster entries will not overlap the legacy synchronization 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: _Ref131345337]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 then be separated with an offset of 40 or 220 kHz depending on RAN1 decision on the punctured SSB scheme.
A legacy UE should then not try to synchronize on the new synchronization raster. This would also address the response received from RAN ([7]), mentioning that “In some bands where the <5MHz feature is planned to be deployed there may be legacy NR UEs, whereas in others there are no legacy NR UEs” and “In order to limit the impact to any legacy UEs in the same frequency range, it would be helpful if the sync raster can be differentiated for the less-than-5MHz channels”.
Observation3: Assuming an RB based punctured SSB, the new synchronization raster will not overlap with the legacy synchronization raster. Legacy UE should not try to synchronize on the new synchronization raster entries.



Special case: 12 RBs in 3 MHz channel bandwidth
In its LS reply ([4]), RAN requested RAN1 to consider the use case of a 12 RBs PBCH transmitted in 3 MHz channel bandwidth signal.
By further puncturing the SSB down to 12 RBs PBCH, additional performance loss should be expected. As shown in Figure 2, there would be ~2dB SNR loss comparing to 15 RBs (targeting 1% BLER). 
[image: ]
[bookmark: _Ref131345532]Figure 2: BLER performance of punctured and non-punctured PBCH transmissions.

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. 
Based on above consideration, we would then make the following proposal: 
Proposal2: Consider the 12 RBs PBCH in 3 MHz channel bandwidth consideration to band n100 only.
Looking closer at the migration scenario described in the table given in [5], 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. 
Observation4: 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 100 kHz channel raster step size and a 15 RBs punctured SSB, the corresponding valid frequency positions for a 3 MHz channel bandwidth on band n100 will be in the interval <920.9 - 923.5> MHz.
The first candidate channel raster for a 3 MHz signal in band n100 would then be at frequency position 920.9 MHz. Nevertheless, ECC Decision(20)02 also specifies that ” For radio access technologies other than GSM-R, the lower edge of the lowest Resource Block shall be ≥ 919.6 MHz ”. The first valid channel raster would then be at frequency position 921.0 MHz, as shown in Figure 3. As seen above, depending on RAN1 decision on SSB puncturing scheme, the synchronization raster would then be at the channel raster position with an offset of 90 or 270 kHz.

[image: ]
[bookmark: _Ref131345838]Figure 3: Lowest channel and synchronization raster for 15 RBs SSB (3 MHz) in band n100

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 4. 
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. 
Proposal3: Specify a synchronization raster entry at frequency 970.73 MHz for 12 RBs punctured SSB in 3 MHz channel bandwidth signal. 
By doing so, the UE might be able to easily differentiate the 12 RBs punctured SSB from a 15 RBs punctured SSB in band n100 (if the 4 RBs at the lower SSB edge are not punctured).
[image: ]
[bookmark: _Ref131345932]Figure 4: Lowest channel synchronization raster for 12 RBs SSB (3MHz) in band n100

Special case: 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 5, 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. 

[image: ]
[bookmark: _Ref131346025]Figure 5: 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.
Proposal4: Specify a new synchronization raster entry at 921.45 MHz for n100 to optimize FRMCS migration.

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 observations and proposals:
Proposal1: If RAN1 confirms the punctured SSB size for 3 MHz channel bandwidth shall be equal to the transmission bandwidth configuration (i.e. 15 RBs), the synchronization raster step size shall be equal to 100 kHz. 
Observation1: Pending on RAN1 agreement, the new synchronization raster for 3 MHz channel bandwidth could still be mapped to resource element k =120 of the legacy SSB (and punctured SSB), pointing to the centre of PSS/SSS.
Observation2: Assuming the synchronization raster will be mapped to the centre of PSS/SSS and an RB punctured SSB, there will be a fixed offset (90 or 270 kHz, pending on RAN1 agreement) between the synchronization raster and the channel raster.
Observation3: Assuming an RB based punctured SSB, the new synchronization raster will not overlap with the legacy synchronization raster. Legacy UE should not try to synchronize on the new synchronization raster entries.
Proposal2: Consider the 12 RBs PBCH in 3 MHz channel bandwidth consideration to band n100 only.
Observation4: During the migration phase, FRMCS will be operated at the lower edge of n100 while GSM-R will be at the upper edge. 
Proposal3: Specify a synchronization raster entry at frequency 970.73 MHz for 12 RBs punctured SSB in 3 MHz channel bandwidth signal. 
Proposal4: Specify a new synchronization raster entry at 921.45 MHz for n100 to optimize FRMCS migration.
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