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 Introduction

RAN4 work was started in RAN4#106 on NR support for dedicated spectrum less than 5MHz for FR1 [1]. The wayforward on system parameter was agreed [2] summarized in the following.
	<Topic #1> System parameters
<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>
[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

<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   

<Sub-topic 1-4> LS to RAN1
· Proposals in RAN4#106-bis-e
· Proposal 1: Agree LS to RAN1 as provided in the appendix of R4-2305504. (Qualcomm)
<Way forward/Agreement>
· FFS



In the reply LS from RAN [3], the following answers to question 1 of RAN4 LS [4] were received.
	· 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. 
· 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.
· It is assumed that UE support of the <5MHz feature is band-specific and optional.



In the RAN reply LS to RAN1 [5], the following answers were received.
	· 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
· CORESET#0 transmission bandwidth is to be decided by RAN1



In this contribution, we evaluate sync raster options based on the agreed metric in the WF [2].
Discussion

As listed in Sub-topic 1-1, RAN4#106-bis-e has discussed whether PBCH design is different for n100 and whether it should support early termination of PBCH demodulation. The first issue is a task to RAN1 given by RAN [5]. The second issue is preferable to optimize initial acquisition time and power consumption but should be decided by RAN1.
Observation 1: RAN4 needs to wait input from RAN1 about PBCH design.

Sync raster design options and evaluation criteria is listed in Sub-topic 1-2. In the following Table 1, our evaluation results are summarized. The number of sync raster points, distance between legacy and new sync raster points, and indications about 12, 15, 20 PRB transmission bandwidth are summarized.

Table 1: Evaluation results of sync raster options and additional sync raster
	
	number of new sync-raster points to cover all possible channel raster points for n100
(Total number for for NR band n100)
	number of new sync-raster points to cover all possible channel raster points
(Density for all bands)
	distance between legacy sync-raster points and new sync-raster points
(Minimum distance)
	facilitate the additional sync-raster points for 12, 15 and 20 PRBs PBCH transmission bandwidth.

	aligned with PBCH design in RAN1: RB level puncturing

	Sync raster for less than 5 MHz channel bandwidth (Sub topic 1-2)

	Option 1

	15
	6 points / 1200 kHz
	0 - 100 kHz
	All 15-PRB Tx BW positions at 100 kHz channel raster supported with new sync raster.
	RB-level PBCH puncturing possible up to 14-RB PBCH Tx BW (A=0kHz)

	Option 2
	15
	6 points / 1200 kHz
	100 kHz
	All 15-PRB Tx BW positions at 100 kHz channel raster supported with new sync raster.
	RB-level PBCH puncturing possible up to 14-RB PBCH Tx BW

	Option 3
	27
	12 point / 1200 kHz
	50 kHz
	All BW at 100 kHz raster supported with new sync raster
	RB-level PBCH puncturing possible up to 14-RB PBCH with 0 kHz offset between channel raster and synch raster.

	Option 4
	15
	6 points / 1200 kHz
	20 kHz
	All 15-PRB Tx BW positions at 100 kHz channel raster supported with new sync raster.
	15-RB PBCH possible with RB-level puncturing for one channel raster – sync raster offset.  For other offsets, up to 14-RB PBCH possible with RB-level puncturing.

	Option 5
	15
	6 points / 1200 kHz
	20 kHz
	All 15-PRB Tx BW positions at 100 kHz channel raster supported with new sync raster.
	15-RB PBCH possible with RB-level puncturing for half of channel raster points.  For other channel raster points, up to 14-RB PBCH possible with RB-level puncturing.

	Option 6
	15
	6 points / 1200 kHz
	40 kHz
	All 15-PRB Tx BW positions at 100 kHz channel raster supported with new sync raster.
	15-RB PBCH possible with RB-level puncturing for half of channel raster points.  For other channel raster points, up to 14-RB PBCH possible with RB-level puncturing.

	Option 7
	27

	12 points / 1200 kHz
	20 kHz
	All 12-PRB Tx BW position at 100 kHz channel raster supported with new sync raster
All 15-PRB Tx BW positions at 100 kHz channel raster supported with new sync raster.
	15-RB PBCH possible with RB-level puncturing for half of channel raster points.  For other channel raster points, up to 14-RB PBCH possible with RB-level puncturing.

	Option 8
	15+27 =42
	(6+12=18) points / 1200 kHz
	50 kHz
	All 12-PRB Tx BW position at 100 kHz channel raster supported with new sync raster
All 15-PRB Tx BW positions at 100 kHz channel raster supported with new sync raster.
	RB-level PBCH puncturing possible up to 14-RB PBCH with 0 kHz offset between channel raster and synch raster.

	Additional sync raster (Sub-topic 1-3) for band n100

	Proposal 1
	1
	-
	920 kHz
	12-PRB SSB at 920.73 MHz for 15-PRB (or less) Tx BW
	12-PRB PBCH

	Proposal 2
	1
	-
	200 kHz
	20-PRB SSB at 921.45 MHz for 25-PRB (or less) Tx BW
	20-PRB PBCH

	Proposal 3
	1
	-
	-
	20-PRB SSB at lower band edge for 25-PRB (or less) Tx BW
	-

	Proposal 4
	1
	-
	-
	20-PRB SSB added for 25-PRB (or less) Tx BW
	-

	Proposal 5 Option 1
	1
	-
	250 kHz
	20-PRB SSB at 922.1 MHz for 25-PRB (or less) Tx BW
	20-PRB PBCH

	Proposal 5 Option 2
	1
	-
	50 kHz
	20-PRB SSB at 921.9 MHz for 25-PRB (or less) Tx BW
	20-PRB PBCH

	Proposal 5 Option 3
	4
	-
	100 kHz
	20-PRB SSB at 921.45, 921.55, 921.95, and 922.05 kHz for 25-PRB (or less) Tx BW
	20-PRB PBCH



Option I category (in Sub-topic 1-2) requires sync raster 3 points per 600 kHz (6 points per 1200 kHz). The total number of sync raster for the band n100 is 15 to support all 100 kHz channel raster.
Option II category (in Sub-topic 1-2) requires sync raster 1 point per 100 kHz (12 point per 1200 kHz). The total number of sync raster for the band n100 is 27 to support all 100 kHz channel raster. 
The option including both categories I and II (i.e., Option 8) needs 18 points per 1200 kHz and the total number of sync raster for the band n100 is 42.
By overlapping sync raster of Option I and II (i.e., Option 7), the same number of sync raster as Option II, i.e., 12 points per 1200 kHz are kept. However, it requires to detect system transmission bandwidths via PBCH that may need RAN1 support of such mechanism if RAN1 decide to use 15 PRBs PBCH for the bands other than band n100.
Observation 2: Among Option I category, Option 2 has the largest frequency separation, 100 kHz, between legacy sync raster and new sync raster. Others (Option 4, 5, and 6) have 20 or 40 kHz separation.
Observation 3: All options support 3 MHz transmission bandwidth, i.e., 15 PRB, at any 100 kHz channel raster point. Option 7 and 8 also support 12 PRB transmission bandwidth at any 100 kHz channel raster point.
Due to floating sync raster design, PBCH is not always aligned with PRB grid of the system. It is aligned only when the offset between channel raster and sync raster is +/-90 kHz or +/-270 kHz, for which cases, 15 PRB PBCH transmission is possible. However, this is only possible in Option 4, 5, 6, and 7 for a half of all possible channel raster. Other half of the channel raster in Option 4, 5, 6 and 7 can be supported by 14 PRB PBCH transmission bandwidth. For option 2, 3, and 8, 15 PRB PBCH transmission is not possible due to PRB grid misalignment; only 14 PRB PBCH transmission is possible.
Observation 4: All options can support up to 14 PRB PBCH transmission bandwidth without subcarrier-level puncturing.  Some of options, i.e., 4, 5, 6 and 7, can support up to 15 PRB PBCH transmission bandwidth for a half of the channel raster points.
Though further decision is to be made in RAN1, multiple puncturing patterns at least two are required for 14 or 15 PRB transmission. Single puncturing pattern is possible for 13 PRB transmission.
Although it may be possible to decide sync raster for each band, it is desirable to have common sync raster design for all bands with less than 5 MHz channel bandwidth to minimize implementation complexity and maximize ecosystem benefit. 
Observation 5: It is desirable to have common sync raster design principle for all the bands with less than 5 MHz channel bandwidth including n100.
Band n100 has additional requirement to support GSM-R migration use cases. This may lead to supporting additional sync raster points at the lower band edge for n100 so that GSM-R narrow band carriers can be kept in the higher frequency range. From complexity point of view, it is not necessary to support maximum flexibility (such as alternative 7 and 8) for this GSM-R migration. Thus the additional sync raster is only necessary at the lower band edge of n100.
12 PRB PBCH is already agreed for n100 with 15 PRB transmission bandwidth [5]. An additional sync raster to support 12 PRB PBCH at the lower band edge helps deployment less than 5 MHz. Further, additional sync raster for 20 PRB PBCH at lower band edge helps for deployment less than 5 MHz but larger than 15 PRB transmission bandwidth. For this, we would only need one raster point per PBCH transmission bandwidth (such as proposal 1 and 2).
Observation 6: It is only necessary to consider additional sync raster points with 12 and 20 PRBs PBCH transmission bandwidth for band n100 at the lower band edge of n100.


Conclusion	

In this contribution, we have evaluated sync raster options based on the agreed metric in the WF [2].
Observation 1: RAN4 needs to wait input from RAN1 about PBCH design.
Observation 2: Among Option I category, Option 2 has the largest frequency separation, 100 kHz, between legacy sync raster and new sync raster. Others (Option 4, 5, and 6) have 20 or 40 kHz separation.
Observation 3: All options support 3 MHz transmission bandwidth, i.e., 15 PRB, at any 100 kHz channel raster point. Option 7 and 8 also support 12 PRB transmission bandwidth at any 100 kHz channel raster point.
Observation 4: All options can support up to 14 PRB PBCH transmission bandwidth without subcarrier-level puncturing.  Some of options, i.e., 4, 5, 6 and 7, can support up to 15 PRB PBCH transmission bandwidth for a half of the channel raster points.
Observation 5: It is desirable to have common sync raster design principle for all the bands with less than 5 MHz channel bandwidth including n100.
Observation 6: It is only necessary to consider additional sync raster points with 12 and 20 PRBs PBCH transmission bandwidth for band n100 at the lower band edge of n100.
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