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1. Introduction
[bookmark: OLE_LINK13]For sub-5MHz channel bandwidth, some progress is observed in the past quarter including RAN4#106 and RANP#99. For system parameters, RAN4 has agreed to reuse 100kHz channel raster for 3MHz channel bandwidth and one LS was sent to RAN plenary [1] [2].
	Issue 2-4: Channel raster for 3MHz channel bandwidth
Agreement: 
Reuse existing 100kHz channel raster for 3MHz channel bandwidth.

Issue 2-7: Finer synchronization raster for 3 MHz channel bandwidth
· Option 1: 100 kHz synch raster, same as channel raster
· Option 2: 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}
· Option 3: 120 kHz + N * 600 kHz + M * 50 kHz, N ϵ {2:4999}, M ϵ {1,3,5}
· Option 4: N * 600 kHz + M * 50 kHz, N ϵ {1:4998}, M ϵ {1,3,5}
· Option 5: N * 1200 kHz + M * 50 kHz, N ϵ {1:2499}, M ϵ {1,3,5,7,9,11}
Agreement: 
· FFS


Moreover, RANP#99 discussed the LS from both RAN1 and RAN4 and provided corresponding guidance [3][4].
	RAN Plenary has discussed question 1 on legacy bands and UE operation, and concluded the following:
· 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.
RAN Plenary has discussed question 2 on the feature list to be considered, and concluded that the less-than-5MHz WI in Rel-18 should consider single-carrier operation, excluding RedCap. In addition, UE speeds up to 500km/h should be targeted for Band n100 without impact to RAN1



	· 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
· RAN1 is requested to consider whether the above also applies for other bands with 3MHz channel bandwidth, or whether the PBCH transmission bandwidth is 15 PRBs for such bands.
· For the 5MHz channel bandwidth:
· PBCH transmission bandwidth is 20 PRBs
· CORESET#0 transmission bandwidth is to be decided by RAN1
· Other details (including sync raster details) are to be progressed in the WGs.



Based on these updates, we discuss further on the design of sync raster for sub-5MHz channel bandwidth and propose that the sync raster for sub-5MHz channel bandwidth should not be overlapped with legacy sync raster. Note that requested bands for this narrow band operation have a channel raster of 100kHz. Thus the new sync raster design discussed here are for bands with 100kHz channel raster.

2. Discussion
2.1 Legacy sync raster 
From Release 15, NR introduces a cluster-structured channel raster below 3GHz, where the distance between two adjacent clusters is 1.2MHz, with each cluster consisting of 3 sync raster entries as shown in Fig. 1 and Table 1. 
[image: ]
Fig. 1, legacy sync raster definition
Table – 1, Sync raster entries
	 
	Sync raster:

	0-3GHz
	N * 1200kHz + M * 50 kHz,
N=1:2499, M ϵ {1,3,5} 

	3G-24.25G
	3000 MHz + N * 1.44 MHz
N = 0:14756



As target bands have a 100kHz channel raster, all valid sync raster for these bands is NOT overlapped with 100kHz channel raster. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK7]Observation 1: Legacy sync raster in a band with 100kHz channel raster is not overlapped with any channel raster entry for the band.
2.2 New sync raster for 3MHz channel bandwidth 
If a 3MHz carrier is deployed in such a way that its SSB is on a legacy sync raster entry, then a legacy UE is able to detect PSS/SSS and then decode PBCH successfully, however, according to the current procedure, when the UE decodes PBCH and then identify that the cell channel bandwidth is 3MHz (15 PRBs) if it can decode SIB1, or it cannot decode SIB1 due to a potential new design for CORSET#0, anyway it can neither camp on the cell in the idle mode, nor establish an RRC connection with the cell. This results in a pure waste of energy for legacy UEs, therefore, a new sync raster should be designed and it should be different from the legacy sync raster in order to avoid such waste.
Proposal 1: For 3MHz channel bandwidth operation, new sync raster should be designed which is different from legacy sync raster in order to avoid energy waste for legacy UEs.
If we look at the current options below, obviously Option 4 and 5 partly overlap with legacy sync raster, therefore these two options can be ruled out. And for Option 1, although it is completely different from legacy sync raster, it is unnecessarily too dense where UE has to search too many points, which also leads to energy waste.
Finer synchronization raster for 3 MHz channel bandwidth
· Option 1: 100 kHz synch raster, same as channel raster
· Option 2: 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}
· Option 3: 120 kHz + N * 600 kHz + M * 50 kHz, N ϵ {2:4999}, M ϵ {1,3,5}
· Option 4: N * 600 kHz + M * 50 kHz, N ϵ {1:4998}, M ϵ {1,3,5}
· Option 5: N * 1200 kHz + M * 50 kHz, N ϵ {1:2499}, M ϵ {1,3,5,7,9,11}
Observation 2: For 3MHz channel bandwidth operation, the new sync raster Option 4 (“N * 600 kHz + M * 50 kHz, N ϵ {1:4998}, M ϵ {1,3,5}”) and Option 5 (“N * 1200 kHz + M * 50 kHz, N ϵ {1:2499}, M ϵ {1,3,5,7,9,11}”) may cause energy waste for legacy UEs, and Option 1 (“Option 1: 100 kHz synch raster, same as channel raster”) may also introduce unnecessary energy waste for new UEs supporting 3MHz channel bandwidth.
With the agreement from RAN plenary that the number of PBCH PRBs for 3MHz channel bandwidth is 12, and the RAN4 agreement that maximum transmission bandwidth configuration for 3MHz channel bandwidth is 15, the minimum sync raster can be calculated as below Fig. 2:
[image: ]
Fig. 2, Minimum sync raster for 3MHz channel bandwidth operation
As illustrated in Fig. 2, the minimum sync raster for 3MHz channel bandwidth operation should be 440kHz. 
Observation 3: For 3MHz channel bandwidth operation, the minimum sync raster should be at least 440kHz.
Obviously, both Option 2 and Option 3 satisfy the condition and both of them have the same number of points, therefore, RAN4 just needs to take one option out from Option 2 and Option 3.
Proposal 2: For 3MHz channel bandwidth operation, RAN4 to take one option out from Option 2 and Option 3 as the new sync raster.
3. Conclusion
In this contribution we have the following observations and proposals for system parameters for sub-5MHz channel bandwidth: 
Observation 1: Legacy sync raster in a band with 100kHz channel raster is not overlapped with any channel raster entry for the band.
Observation 2: For 3MHz channel bandwidth operation, the new sync raster Option 4 (“N * 600 kHz + M * 50 kHz, N ϵ {1:4998}, M ϵ {1,3,5}”) and Option 5 (“N * 1200 kHz + M * 50 kHz, N ϵ {1:2499}, M ϵ {1,3,5,7,9,11}”) may cause energy waste for legacy UEs, and Option 1 (“Option 1: 100 kHz synch raster, same as channel raster”) may also introduce unnecessary energy waste for new UEs supporting 3MHz channel bandwidth.
Observation 3: For 3MHz channel bandwidth operation, the minimum sync raster should be at least 440kHz.
Proposal 1: For 3MHz channel bandwidth operation, new sync raster should be designed which is different from legacy sync raster in order to avoid energy waste for legacy UEs.
Proposal 2: For 3MHz channel bandwidth operation, RAN4 to take one option out from Option 2 and Option 3 as the new sync raster.
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