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1. Introduction
In the RAN4 106-bis meeting the following points were left for the further discussion in the WF[1]
	Sub-topic 1-2> Finer synchronization raster for 3 MHz channel bandwidth
Proposals in RAN4#106-bis-e
· 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.
<Way forward/Agreement>
[bookmark: _Hlk133365754]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
 



The perspective of the WI has found multiple scenarios with respect to band, CBW and PBCH PRB size. Different scenarios are summarized in Table 1;
Table 1 Different scenarios of the WI
	Scenario
	CBW (MHz)
	Transmission BW (RB)
	PBCH PRB size
	NR band

	1
	3
	15
	15
	n26, n28, n85, n106

	2
	3 
	15
	12
	n100, n26, n28, n85, n106

	3
	5
	25
	20
	n26, n28, n85, n100, n106


It should be mentioned that UIC had issued in a noted LS to RAN1 that another scenario would be need ,too, where for n100, a CBW= 3MHz,  and PBCH PRB size= 12 RB was mentioned but since the RAN-P did not mention it in its agreed LSs, the scenario is not mentioned in Table 1.[2] RAN-P mentioned that consider a PBCH of 12 PRBs for CBW of 3MHz at n100, however it was left to RAN1 on whether the PBCH PRB size should be 12 or 15 RBs[3]. On the other hand, as the PBCH size of 12PRB in n100 was due to special implementation of GSM-R network in that band, other bands will probably will have a PBCH of 15 PRBs to avoid unnecessary coverage loss. Therefore in scenario 2 these bands are faded. 
Observation 1: The PBCH size of 12PRB in n100 was due to special implementation of GSM-R network in that band, other bands will probably will have a PBCH of 15 PRBs to avoid unnecessary coverage loss.
2. Finer synchronization raster for 3 MHz channel bandwidth
On scenario 1 and 2 the PBCH PRB size is different. This difference has a direct impact on the synchronization raster step size. As shown in [4],[5], [6]  when the transmission BW is equal to the PBCH PRB size, the sync raster is fixed to 100 KHz (same as LTE synchronization raster), hence for scenario 1, the synchronization raster is set to 100 KHz. On the other hand, RAN-P mentioned that the synchronization rasters for 3 MHZ CBW should be different than the Rel 15 synchronization raster[7], there are two ways to make such differentiation. First, adding a large offset to the synchronization raster might be helpful. Currently the Rel15 synchronization raster has a 50 KHz offset from every multiple of 1200 KHz (N * 1200 kHz + M * 50 kHz, M ϵ {1,3,5}, N=1:2499). As option 2 without an offset(B=0)  provides synchronization raster points every 100 KHz, the minimum distance between the Rel15 sync raster and option 2 would be 50 KHz, which is the optimal value. Any offset on option 2 (B≠0) would make the minimum separation distance between the Rel15 sync raster and option 2 smaller than 50KHz. As 50 KHz might not be a sufficient offset between the two synchronization rasters, and legacy UEs might camp on the new raster due to LO jitter errors. So it would be better to implements some of the Physical layer methods, explained in [8] to avoid such legacy UE encampments. However these methods have to be analysed in RAN1.
[image: ]
Figure 1 Sync raster for 15PRB, , 15 PRB PBCH. Option 2 with N=1 and B=0
Proposal 1: For transmission BW= 15 RBs and PBCH PRB size= 15RB, Option 2 with N=1 and B=0 shall be used. (same as LTE synchronization raster)
Proposal 2: As 50 KHz might not be a sufficient offset between the two synchronization rasters, and legacy UEs might camp on the new raster due to LO jitter errors. So it would be better to implements some of the Physical layer methods, explained in R4-2304156 to avoid such legacy UE encampments. However these methods have to be analyzed in RAN1.
The sync raster for scenario 2 can be selected from option 1 as the PBCH PRB size is smaller than the transmission BW, so we are no more bound to synchronization step of 100 KHz. This make the cell search procedure for UE much faster as it will require a smaller number of sync raster points to search.  As it was explained in [4], [6], [5], [9] the number the largest possible synchronization raster step for scenario 2 can be 640 KHz , so only N= 1 can be a valid number for the step size. The other decisive factor is to make the two sync rasters as far as possible. As shown in Figure 2, between the last raster point of a raster set and the first raster point of the next set, in the Rel 15 Sync raster, there is 1000 KHz of frequency separation. Within this 1000 KHz two sets of option 1 (N=1) sync raster can be fit which are distributed over 800KHz.  To avoid legacy UE camping on the new sync rasters, the frequency separation between the two closest raster points of these two rasters should be identical (d). One can observe that d corresponds to 100 KHz. 
[image: ]
Figure 2 Sync raster for 15PRB, 12 PRB PBCH. Option 1 with N=1
One may observe that an offset of B= 300 KHz results in exactly a d of 100KHz.
Proposal 3: For transmission BW= 15 RBs and PBCH PRB size= 12RB, Option 1 with N=1 and B=300 KHz shall be used.
3. Conclusion
Observation 1: The PBCH size of 12PRB in n100 was due to special implementation of GSM-R network in that band, other bands will probably will have a PBCH of 15 PRBs to avoid unnecessary coverage loss.
Proposal 1: For transmission BW= 15 RBs and PBCH PRB size= 15RB, Option 2 with N=1 and B=0 shall be used. (same as LTE synchronization raster)
Proposal 2: As 50 KHz might not be a sufficient offset between the two synchronization rasters, and legacy UEs might camp on the new raster due to LO jitter errors. So it would be better to implements some of the Physical layer methods, explained in R4-2304156 to avoid such legacy UE encampments. However these methods have to be analyzed in RAN1.
Proposal 3: For transmission BW= 15 RBs and PBCH PRB size= 12RB, Option 1 with N=1 and B=300 KHz shall be used.
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