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1. Introduction
[bookmark: OLE_LINK13]In RAN4#106bis-e, system parameter aspects for FR1 less than 5MHz channel bandwidth were discussed, and a way forward was agreed with open issues captured [1]:
	<Sub-topic 1-1> PBCH design
· Proposals in RAN4#106-bis-e
· 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)
<Way forward/Agreement>
· FFS

<Sub-topic 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.
<Way forward/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

<Sub-topic 1-3> Additional synchronization raster for n100
· Proposals in RAN4#106-bis-e
· 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
<Way forward/Agreement>
· FFS   



In this contribution, we discuss further the topic, and provide our proposals to resolve these open issues.
2. Discussion
2.1 PBCH design 
In RANP#99, one agreement was reached on the number of PRBs for PBCH for 3MHz channel bandwidth for band n100, which is 12 [2]:
	· For the 3MHz channel bandwidth in band n100 (max channel utilization 15 PRBs as already agreed in RAN1/RAN4):
· PBCH transmission bandwidth is 12 PRBs


And this is due to the very special use case for n100, where the GSM-R system deployed on this band is migrating to 5G NR FRMCS system [4]. During the transition the available PRB number could be reduced to 12 in some scenarios to ensure there are sufficient GSM-R channels, though maximum transmission bandwidth configuration is still 15 PRBs. Such a special demand now only exists for n100, therefore, it is reasonable to consider 12-RB PBCH is only applicable to n100 for the time being in the Rel-18 time-line.
[bookmark: OLE_LINK1][bookmark: OLE_LINK7]Proposal 1: RAN4 to consider 12-RB PBCH is only applicable to n100 in Rel-18 to meet the special purpose for the band migration from GSM-R to FRMCS.

2.2 General sync raster design 
The legacy sync raster for channel bandwidth 5MHz or larger is shown in the table below, where the cluster distance is 1.2MHz.  
Table – 1 Legacy sync raster
	Frequency range
	SS Block frequency position SSREF
	GSCN
	Range of GSCN

	0 – 3000 MHz
	N * 1200kHz + M * 50 kHz,
	3N + (M-3)/2
	2 – 7498

	
	N=1:2499, M ϵ {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.



For 3MHz channel bandwidth operation, a new sync raster is intended for the sake of avoiding power waste for legacy UEs since legacy UEs may search such cell but eventually can neither camp on nor connect to the cell with 3MHz channel bandwidth. 
Observation 1: The new sync raster for 3MHz channel bandwidth operation should not overlap with legacy sync raster points to avoid power waste for legacy UEs.
And if introducing 100kHz grid as the new sync raster, a UE supporting 3MHz channel bandwidth operation may be required to search too many entries, where power consumption is also concerned.  
Observation 2: There would be unnecessarily too many raster points if introducing 100kHz grid as the new sync raster for 3MHz channel bandwidth.
Shifting the legacy sync raster with a certain offset would be a good choice and potentially the following benefits can be achieved:
· Cluster distance in the new sync raster is still kept as 1.2MHz, where in return, the number of raster points is minimized.
· No overlapping with legacy sync raster. In particular, half of the cluster distance, i.e., 1.2MHz/2 = 600kHz offset could be the best choice.
Proposal 2: RAN4 to introduce a new sync raster by shifting the legacy sync raster with 600kHz for 3MHz  channel bandwidth operation.
To differentiate the new sync raster from the legacy sync raster, GSCN for the new sync raster would be 22255 + 3*N + (M-1)/2, where N = 1:2499, M={1,3,5}.
Proposal 3: RAN4 to define GSCN for the new sync raster as: GSCN = 22255 + 3*N + (M-1)/2, where N=1:2499, M = {1,3,5}.
2.3 Additional sync raster design for n100 
As indicated in [4], there is a special case where only 12 PRBs are available for NR to guarantee 14 GSM-R channels, as illustrated in Fig. 1:
[image: ]
Fig. 1, 12 PRB for NR on band n100 
The center of the 12 PRBs shown in Fig. 1 can be calculated as:
919.4 + 0.1425 + 6 * 0.18 = 920.6225 MHz.
Around this point, there are one legacy sync raster point GSCN 2303 (920.650 MHz), and one new sync raster point GSCN 24555 (920.050 MHz), however, neither of them can cover this point, therefore, an additional sync raster point needs to be added for this band if the use case is confirmed in the scope of the WID.
Proposal 4: If the special use case where only 12 PRBs are available and deployed at a particular position in band n100 is confirmed by RAN plenary, RAN4 to add additional sync raster at the frequency 920.6225 MHz.
3. Conclusion
In this contribution we have the following observations and proposals for system parameters for 3MHz channel bandwidth operation:
Observation 1: The new sync raster for 3MHz channel bandwidth operation should not overlap with legacy sync raster points to avoid power waste for legacy UEs.
Observation 2: There would be unnecessarily too many raster points if introducing 100kHz grid as the new sync raster for 3MHz channel bandwidth.
Proposal 1: RAN4 to consider 12-RB PBCH is only applicable to n100 in Rel-18 to meet the special purpose for the band migration from GSM-R to FRMCS.
Proposal 2: RAN4 to introduce a new sync raster by shifting the legacy sync raster with 600kHz for 3MHz  channel bandwidth operation.
Proposal 3: RAN4 to define GSCN for the new sync raster as: GSCN = 22255 + 3*N + (M-1)/2, where N=1:2499, M = {1,3,5}.
Proposal 4: If the special use case where only 12 PRBs are available and deployed at a particular position in band n100 is confirmed by RAN plenary, RAN4 to add additional sync raster at the frequency 920.6225 MHz.
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