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Introduction
In RAN4#107, the WF [1] is agreed to sort out most of open issues in sync raster for less than 5 MHz in the following.

	Issue 1-1: The value of A in N * 600kHz + M * 50 kHz + A kHz, N ϵ {1:2499}, M ϵ {1,3,5}
· Proposals
· Option 1: 300
· Option 2: 345
· Agreement
· Agree on 300.

Issue 1-2: The value of B in N * 100 kHz + B kHz, N ϵ {9206:1:9232}
· Proposals
· Option 1: 30
· Option 2: 70
· Agreement
· Do not consider 100kHz either Option 1 or Option 2.

Issue 1-3: Finer synchronization raster design for 3 MHz channel bandwidth
· Proposals
· Option 1: Use N * 600 kHz + M * 50 kHz + A kHz, N ϵ {1:4998}, M ϵ {1,3,5} for 12 PRBs PBCH transmission bandwidth, use N * 100 kHz + B kHz, N ϵ {9206:1:9232} for 15 PRBs PBCH transmission bandwidth
· Option 2: Use N * 600 kHz + M * 50 kHz + A kHz
· Agreement
· Do not consider Option 1

Issue 1-4: Additional synchronization raster for 12 PRBs PBCH transmission bandwidth in band n100
· Proposals
· Option 1: 920.6225 MHz
· Option 2: 920.73 MHz
· Agreement
· Agree on Option 2.

Issue 1-5: Additional synchronization raster for 20 PRBs PBCH transmission bandwidth in band n100
· Proposals
· Option 1: 921.45 MHz
· Agreement
· Additional synchronization raster of 921.45 MHz for 20 PRBs PBCH transmission bandwidth in band n100. 
· The additional sync raster is applicable for 20 PRBs PBCH and not applicable for PBCH with 12 or 15 PRBs in band n100.

Issue 1-6: Finer synchronization raster index for 3 MHz channel bandwidth
· Proposals
· Option 1: GSCN = 22255 + 3*N + (M-1)/2, N=1:2499, M = {1,3,5}
· Option 2: NREF = (N * 600 + M * 50 + 345)/5, N=1534:1538, M ϵ {1,3,5}
· Agreement
· TBD based on finer synchronization raster design.




In this contribution we discuss remaining issues on the sync raster and propose how to specify finer synchronization raster in TS 38.101-1 and TS 38.104.

Discussion
RAN1 has agreed that PBCH transmission bandwidth is 12 PRBs not only for n100 but also for other bands [2]. Therefore, we can introduce finer sync raster with the same formula, N * 600kHz + M * 50 kHz + 300 kHz, N ϵ {1:2499}, M ϵ {1,3,5} for all bands in the WID [3], i.e., NR bands n100, n106, n26, n28 and n85.
3 MHz channel bandwidth may be requested for other low bands (< 3GHz) in future, thus, it is suggested that the sync raster index is defined already for all frequency range up to 3 GHz as is the case for the existing GSCN. The range N ϵ {1:2499} covers up to 1.5 GHz, thus we propose it is modified to N ϵ {1:4999} such that it is more future proof.
As discussed in Issue 1-6 of the WF [1], two possible options were considered. The first option is to extend GSCN from the existing index and allocate new index continuously for the fine sync raster. In Option 1, 22256 is proposed as the first index but this is already allocated to FR2 bands; thus the correct start index should be 26640 after the last index of FR2 bands. The second option is to use NR-ARFCN index as GSCN for less than 5 MHz.
GSCN is not used in RRC signalling but only in RAN4 spec to identify the sync raster frequency, thus there is no impact to RAN2 for RAN4 defining new sync index according to either option 1 or option 2. Mixing NR-ARFCN with GSCN may be confusing as there will be two tables for sync-raster index with growing table size as more operating bands are added, hence we prefer to introduce GSCN index in a similar way as the existing one.
The following table 5.4.3.1-1 is the possible modification to the existing GSCN table in TS 38.104 for introducing finer raster for less than 5 MHz operation. The additional GSCN is globally assigned for the frequency range 0 – 3000 MHz with the agreed formula, N*600 kHz + M*50 kHz + 300 kHz in [1].
The additional raster at 920.73 MHz for 12 PRB PBCH transmission and 921.45 MHz for 20 PRB PBCH transmission are separately defined as GSCN=41637 and 41638, respectively. Moreover, to facilitate UE to determine the channel filter bandwidth to avoid the problem raised in [4], it is proposed that 12 PRB DCH transmission should only use 920.73 MHz as sync-raster point but not the other sync-raster points for 3MHz channel bandwidth, and 20 PRB DCH transmission should only use 921.45 MHz as sync-raster point but not the other sync-raster points for 5MHz channel bandwidth. This would also make sense for actual deployment in band n100 as there is no need to allow 12 or 20 PRB DCH transmission in channels using the other sync-raster points.
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	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 1)
	3N + (M-3)/2
	2 – 7498

	3000 – 24250
	3000 MHz + N * 1.44 MHz, 
N = 0:14756
	7499 + N
	7499 – 22255

	24250 – 100000
	24250.08 MHz + N * 17.28 MHz, 
N = 0:4383
	22256 + N
	22256 – 26639

	0 – 3000
	N * 600 kHz + M * 50 kHz + 300 kHz,
N = 1:4999, M ϵ {1,3,5}
N=0:4999
	26638+3N + (M-3)/2
	26640 – 41636
(Note 2)

	920.73
	920.73 MHz
	41637
	41637 (Note 3)

	921.45
	921.45 MHz
	41638
	41638 (Note 4)

	NOTE 1:	The default value for operating bands which only support SCS spaced channel raster(s) is M=3.
NOTE 2:	GSCN 26640 – 41636 is applicable for 15 PRB transmission within 3 MHz channel bandwidth with punctured PBCH defined in TS 38.211 [9] clause 7.4.3.1.
NOTE 3: 	GSCN 41637 is applicable for 12 PRB transmission within 3 MHz channel with punctured PBCH defined in TS 38.211 [9] clause 7.4.3.1.
NOTE 4: 	GSCN 41638 is applicable for 20 PRB transmission within 5 MHz channel with punctured PBCH defined in TS 38.211 [9] clause 7.4.3.1.



The following table shows the range of the GSCN for the NR bands in WID [3] i.e., n26, n28, n85, n100, and n106.

[bookmark: _Hlk138437085]Table 5.4.3.3-X: Applicable SS raster entries per operating band (FR1) for 3 MHz channel bandwidth
	NR operating band
	SS Block SCS
	SS Block pattern
(NOTE 1)
	Range of GSCN
(First – <Step size> – Last)

	n26
	15 kHz
	Case A
	30937 – <1> – 31100

	n28
	15 kHz
	Case A
	30432 – <1> – 30644

	n85
	15 kHz
	Case A
	30282 – <1> – 30359

	n100
	15 kHz
	Case A
	31240 – <1> – 31242,
31244 – <1> – 31254, 
41637

	n106
	15 kHz
	Case A
	31317 – <1> – 31329



It is noted that PBCH at 920.75 MHz (GSCN=31239) is still within the band n100, however, this sync raster frequency only supports the channel raster at 920.9 MHz for 3 MHz channel bandwidth. The first PRB of this channel bandwidth violates the ECC decision, the lower edge of the lowest Resource Block shall be ≥ 919.6 MHz. Thus, GSCN should start from 920.85 MHz (GSCN=31240) for n100, which is more than 100 kHz away from the addition sync raster at 920.73 MHz (GSCN=41637).

Summary
As discussed in Section 2, 
Proposal 1: GSCN range is extended from 26640 to 41636 for finer sync raster for 3 MHz channel bandwidth.
Proposal 2: GSCN 41637 and 41638 are assigned to additional sync raster points, 920.73 MHz and 921.45 MHz, respectively.
Proposal 3: It is proposed that 12 PRB DCH transmission should only use 920.73 MHz as sync-raster point but not the other sync-raster points for 3MHz channel bandwidth, and 20 PRB DCH transmission should only use 921.45 MHz as sync-raster point but not the other sync-raster points for 5MHz channel bandwidth.
Proposal 4: Table 5.4.3.1-1 in TS 38.101-1 and Table 5.4.3.1-1 in TS 38.104 are update according to the proposed changes presented in Section 2 of this paper.
Proposal 5: A new table for SS raster entries for 3 MHz channel bandwidth is introduced to TS 38.101-1 and TS 38.104 according to the proposed new table (Table 5.4.3.3-X in this paper).
Draft CRs to TS 38.101-1 and TS 38.104 are also submitted in [4,5]. 
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