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1.  Introduction
In this contribution we discuss system parameters for channel bandwidth less than 5 MHz [1].
2.  Discussion
2.1 Channel bandwidth
As indicated in LS [2], RAN1 supposes that only 3 MHz channel bandwidth is supported. 
	Agreement
In an LS to RAN4, in addition to reuse 5 MHz channel bandwidth, RAN1 suppose only 3 MHz channel bandwidth is supported, and would like to get RAN4 responses on the maximum transmission bandwidth (the number of PRBs) for this channel BW.
Agreement
Before getting RAN4 responses, RAN1 assume maximum transmission bandwidth, 15RBs or 16RBs for 3 MHz channel BW for evaluation and analysis.
Note: include agreement into the LS



We first discuss general principle on the system parameters for bands supporting 3 MHz. NR bands n100, n8, n26 and n28 are in the scope of the WID [1] however the same principle should apply if there is another band that may include 3 MHz later. It is noted that subcarrier spacing is restricted to 15 kHz in the WID [1].
maximum transmission bandwidth configuration
RAN1 [2] has asked the maximum transmission bandwidth (the number of PRBs) for this channel BW. Before RAN1 getting RAN4 responses, RAN1 assumes maximum transmission bandwidth, 15RBs or 16RBs for 3 MHz channel BW for evaluation and analysis. As the spectrum utilization of 5 MHz is 90% today for 15 kHz SCS (i.e., 25 PRBs) and it is monotonically increasing according to the size of channel bandwidth today, this characteristic should be kept not to make the transmitter and receiver characteristics too stringent against the existing specifications, it is proposed not to have higher utilization than 5 MHz. Furthermore, LTE already uses 90% for 3 MHz, thus it is appropriate to assume 90% (15 PRBs) for 3 MHz channel bandwidth.
Proposal 1: Spectrum utilization of 3 MHz channel bandwidth shall be 90% (15 PRBs for 15 kHz SCS).
minimum guard band
The minimum guard band for 3 MHz channel bandwidth at 15 kHz SCS can be calculated (3MHz – 15*180kHz -15kHz)/2=142.5 kHz.
Proposal 2: The minimum guard band for 3 MHz channel bandwidth at 15 kHz SCS shall be 142.5 kHz.

2.2 Channel arrangement
channel raster and spacing
The proposed NR bands to include 3 MHz is so far n100, n8, n26 and n28 [1], which are based on 100 kHz channel raster. There is no need to change this for the bands that include the additional channel bandwidth less than 5 MHz.
Proposal 3: No change is required for channel raster and channel spacing. The existing set of NR-ARFCN shall be applicable for 3 MHz channel bandwidth.

Sync raster for 3 MHz channel bandwidth
As described in LS [2], SSB block size is 20 PRBs which is larger than 3 MHz channel bandwidth. RAN1 also asks the feasibility of finer sync raster.
	[bookmark: _Hlk119584988]Agreement
For transmission bandwidths of <5MHz for 3MHz and 5MHz channel bandwidth, a subset of PRBs of 20-PRB PBCH are used for PBCH transmission if the transmission BW of a channel is less than 20PRBs. 
· FFS which PRBs are used and how to use the PRBs 
· Note: PRBs for PSS/SSS are not punctured.

Agreement
RAN1 would like to ask RAN4 if finer sync. raster for the 3MHz and/or 5MHz channel bandwidth is feasible, as well as any input from RAN1 for RAN4’s answer to this question.



If we assume 90% spectrum utilization (15 PRBs), puncturing of 5 PRBs in the SSB is needed. However, PSS/SSS (12 PRBs) cannot be punctured as also stated in the WID [1].
The synchronization raster defines the set of frequency positions at which the SSB may be located, thereby setting the frequency positions that need to be searched by the UE for initial cell search. In order to expedite cell search, the synchronization raster is currently designed in NR to be much sparser than the set of frequency positions on which the carrier may be centred, which is known as the channel raster. In frequency range 1 (FR1, defined as 410 – 7125 MHz), the channel raster typically has a 100 kHz spacing, but the synchronization raster has a cluster of three raster positions every 1.2 MHz, with the raster positions in each cluster having frequency offsets of either 50, 150 or 250 kHz apart from multiples of 1.2 MHz. Now, for  3 MHz bandwidth with the principle of not modifying PSS and SSS, the clusters of synchronization raster points need to be separated less than 1.2 MHz, as shown in Figure 1. In this figure, two channels of 3 MHz bandwidth separated by 100 kHz are shown. The synchronization raster may therefore need a redesign for narrowband NR operation.
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[bookmark: _Ref95397739]Figure 1 Synchronization raster consideration for 3 MHz bandwidth.
Observation 1: For a bandwidth of 3 MHz, and with the principle of not modifying PSS and SSS, the clusters of synchronization raster points need to be separated less than 1.2 MHz in order to have at least one valid synchronization raster point for each 3 MHz channel if 100 kHz channel raster is applied. 
For our previous analysis of n100 [3,4] two guard band assumptions are considered: 142.5 kHz assuming 3 MHz bandwidth allocation and 242.5 kHz assuming 5 MHz bandwidth allocation, both with 90 % spectrum utilization (SU). Valid sync raster points (so that PSS/SSS can be allocated in the band) for n100 based on current sync raster design are:
Table 1: Legacy sync raster for NR band n100
	N
	M
	SS_REF [Hz]
	GSCN

	768
	1
	921650000
	2303

	768
	3
	921750000
	2304

	768
	5
	921850000
	2305

	769
	1
	922850000
	2306

	769
	3
	922950000
	2307



One can observe that current sync raster design in FR1 does not provide sync raster points in n100 to support narrowband channel bandwidth allocation in either of the edges of the band when assuming guard bands of 5 MHz NR allocation. In addition, when assuming guard bands necessary for 3 MHz NR allocation (e.g., 142.5 kHz guard) PSS/SSS can be allocated only in the lower part of the n100 band. Thus, a new design would be needed for n100 sync raster in order to support narrowband NR allocation in both ends of the band. 
Observation 2: A new sync raster design would be needed for band n100 in order to support narrowband NR allocation.
As discussed above, the sync raster points (or clusters) should be placed more closely than every 1.2 MHz for 3 MHz NR operation. In addition, new sync raster for the punctured SSB transmissions reduces impact on legacy UEs.
· One possible approach could be to define new sync raster with 100 kHz raster for the punctured SSB transmissions, i.e., same as channel raster. With this approach, only a single SSB puncturing pattern for a given SSB Tx BW would need to be defined
· Another approach could be to define new sync raster using clustered approach but clusters more densily than with 1.2 MHz spacing for the punctured SSB transmissions. With this approach the number of sync raster points can be lower than in former approach, though it may need multiple SSB puncturing patterns per sync raster point (to be explained in the following). 
Observation 3: New sync raster for the punctured SSB transmissions reduces impact on legacy UEs. 
Observation 4: A possible design would be to define new sync raster points with 100 kHz raster for the punctured SSB transmissions, i.e. same as channel raster.
Observation 5: Another possible design would be to new sync raster cluster in clustered manner with cluster spacing less than 1.2 MHz for the punctured SSB transmissions. 
For the first approach (100 kHz sync raster), as an illustration in high level, the synchronization raster points for the bands of interest would be as in Figure 2.
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[bookmark: _Ref118488001]Figure 2. Synchronization raster points for punctured and non-punctured SSBs in the bands of interest. 
SSB using full transmission bandwidth, e.g. 15 entire RBs within a 15 RB channel bandwidth, means that subcarrier offset between the first subcarrier of the SSB and the first subcarrier of the RB of the common RB grid should be zero. 
For the 15 RB SSB transmission bandwidth in a 15 RB CBW, there are four different options for defining the synchronization raster point as well as the SSB puncturing pattern (‘x+y’) as illustrated in Figure 3. 
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[bookmark: _Ref105497927]Figure 3. Synchronization raster and puncturing pattern options for the SSB for the 15 RB allocation with 100 kHz synchronization raster. 
In order to limit the complexity, for 15 RB channel bandwidth it would be feasible to select one puncturing pattern and thus also one synchronization raster point per channel raster point. 
Observation 5: Only a single puncturing pattern can be selected to avoid the complexity in PBCH detection for the first approach, i.e., synchronization raster based on 100 kHz.
The second approach (clustered approach) is to introduce a new sequence of sync raster cluster. The legacy sync raster is defined as N * 1200 kHz + M * 50 kHz, where N ϵ {1:2499}, M ϵ {1,3,5}. The new sequence can be defined with 600 kHz offset, i.e., 600 kHz + N * 1200 kHz + M * 50 kHz, N ϵ {1:2499}, M ϵ {1,3,5}. Then, the maximum separation of sync raster is reduced so that the channel raster for 3 MHz channel bandwidth that could not be covered by the legacy sync raster can be supported by the new sequence. This is already discussed in our previous paper on band n100 [3].
However, reusing the existing sync raster for 3 MHz channel bandwidth may cause some issues for legacy UEs, since the legacy UEs cannot understand the punctured PBCH with 15 PRBs. It would be better not to share the sync raster for 3 MHz channel bandwidth with the legacy channel bandwidths to avoid a potential misbehaviour of legacy UEs.
One possible way is to use another sequence dedicated to 3 MHz channel bandwidth with another offset, e.g., 120 kHz, with 1.2 MHz spacing. Thus, the third sequence can be defined with 120kHz + N * 1200 kHz + M * 50 kHz, N ϵ {1:2499}, M ϵ {1,3,5}.
In summary, a new sync raster using clustered approach for the punctured SSB transmissions could be: 
-	600 kHz + N * 1200 kHz + M * 50 kHz, N ϵ {1:2499}
-    120 kHz + N * 1200 kHz + M * 50 kHz, N ϵ {1:2499}
OR
· 120 kHz + N * 600 kHz + M * 50 kHz, N ϵ {2:4999}, M ϵ {1,3,5}
With this second approach, UE may need to use two hypotheses for the punctured PBCH detection in initial access, because the number of sync raster is less than the channel raster and thus each sync raster point may need to cover two channel raster points. In addition, this approach may lead to puncturing in RE granularity instead of RB level granularity which complicates the demodulation operation of the PBCH. (In the case of near band edge, only one hypothesis might be contained within the band; in that case UE may not need to use two hypotheses.)
Observation 6: Two hypotheses of PBCH puncturing patterns for 3 MHz channel bandwidth may be required for the second approach, i.e., sync raster design based on clustered approach.
It is proposed either the first approach (100 kHz sync raster) or the second approach (clustered approach with more dense clusters than 1.2 MHz spacing) is specified for the sync raster dedicated to the channel bandwidth 3 MHz.
Proposal 4: New sync raster sequence for 3 MHz channel bandwidth is introduced by one of the following sequences.
· 1st approach
· 100 kHz sync raster
· 2nd approach
· 600 kHz + N * 1200 kHz + M * 50 kHz, N ϵ {1:2499}, M ϵ {1,3,5}, 
· 120 kHz + N * 1200 kHz + M * 50 kHz, N ϵ {1:2499}, M ϵ {1,3,5}
· 2nd approach (alternative)
· 120 kHz + N * 600 kHz + M * 50 kHz, N ϵ {2:4999}, M ϵ {1,3,5}
The first approach requires the same number of PSS/SSS searches as channel raster, so it may be less efficient in PSS/SSS detection however PBCH puncturing pattern is unique for each sync raster point. The second approach requires a smaller number of PSS/SSS searchers than the first approach but may require blind detection of multiple puncturing patterns and this approach may lead to RE level puncturing granularity instead of RB level granularity which may cause added complexity in the PBCH demodulation. It’s also to be noted that target bands are relatively narrow in bandwidth and the number of target bands (4) is low among the number of bands the UE may typically need to search through. Thus, the increased number of sync raster points with 100 kHz raster is not seen as remarkable added complexity. 
Observation 7: In the 1st approach the UE has more sync raster points to search for PSS/SSS in the initial search whereas in the 2nd approach the UE may need to blindly detect the applied puncturing pattern for the PBCH where the puncturing may be in RE level instead of RB level. 
Observation 8: Target bands are relatively narrow in bandwidth and the number of target bands (4) is low among the number of bands the UE may typically need to search through. Thus, the increased number of sync raster points with 100 kHz raster is not seen remarkable added complexity.

LS reply draft is attached in the annex.
Proposal 5: It is proposed to reply the RAN1 LS according to the draft attached in the annex of this contribution.
3. Conclusion
In this contribution we discussed synchronization raster design for bands supporting 3 MHz channel bandwidth. Following observations and proposals were made.
Proposal 1: Spectrum utilization of 3 MHz channel bandwidth shall be 90% (15 PRBs for 15 kHz SCS).
Proposal 2: The minimum guard band for 3 MHz channel bandwidth at 15 kHz SCS shall be 142.5 kHz.
Proposal 3: No change is required for channel raster and channel spacing. The existing set of NR-ARFCN shall be applicable for 3 MHz channel bandwidth.
Observation 1: For a bandwidth of 3 MHz, and with the principle of not modifying PSS and SSS, the clusters of synchronization raster points need to be separated less than 1.2 MHz in order to have at least one valid synchronization raster point for each 3 MHz channel if 100 kHz channel raster is applied.
Observation 2: A new sync raster design would be needed for band n100 in order to support narrowband NR allocation.
Observation 3: A possible design would be to define sync raster points with 100 kHz raster, i.e. same as channel raster.
Observation 4: Another possible design would be to define additional sync raster cluster based on 1.2 MHz spacing with a different frequency offset.
Observation 5: Only a single puncturing pattern can be selected to avoid the complexity in PBCH detection for the first approach, i.e., synchronization raster based on 100 kHz.
Observation 6: Two hypotheses of PBCH puncturing patterns for 3 MHz channel bandwidth may be required for the second approach, i.e., sync raster design based on 1.2 MHz spaced cluster.
Proposal 4: New sync raster sequence for 3 MHz channel bandwidth is introduced by one of the following sequences.
· 1st approach
· 100 kHz sync raster
· 2nd approach
· 600 kHz + N * 1200 kHz + M * 50 kHz, N ϵ {1:2499}, M ϵ {1,3,5}, 
· 120 kHz + N * 1200 kHz + M * 50 kHz, N ϵ {1:2499}, M ϵ {1,3,5}
· 2nd approach (alternative)
· 120 kHz + N * 600 kHz + M * 50 kHz, N ϵ {2:4999}, M ϵ {1,3,5}

Observation 7: In the 1st approach the UE has more sync raster points to search for PSS/SSS in the initial search whereas in the 2nd approach the UE may need to blindly detect the applied puncturing pattern for the PBCH where the puncturing may be in RE level instead of RB level. 
Observation 8: Target bands are relatively narrow in bandwidth and the number of target bands (4) is low among the number of bands the UE may typically need to search through. Thus, the increased number of sync raster points with 100 kHz raster is not seen remarkable added complexity.
Proposal 5: It is proposed to reply the RAN1 LS according to the draft attached in the annex of this contribution.
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[bookmark: _Hlk41686089]Title:	[draft] Reply LS on NR support for dedicated spectrum less than 5MHz for FR1
Response to:	- 
Release:	Rel-18
Work Item:	NR_FR1_lessthan_5MHz_BW

Source:	RAN4
To:	RAN1
Cc:

Contact Person:	
Name:	Hisashi Onozawa
E-mail Address:	<hisashi.onozawa@nokia.com>

Send any reply LS to:	3GPP Liaisons Coordinator, mailto:3GPPLiaison@etsi.org 	

Attachments:	none


1. Overall Description:
RAN WG4 thanks an LS on NR support for dedicated spectrum less than 5MHz for FR1 (R1- 2212919). Based on the agreements made in RAN4#106 meeting, RAN4 has the following answers to RAN1:
Question 1: RAN1’s understanding is that in addition to reusing 5 MHz channel bandwidth, RAN1 suppose only 3 MHz channel bandwidth is supported, and would like to get RAN4 response on the maximum transmission bandwidth (the number of PRBs) for this channel BW.
Answer 1: For 3 MHz channel bandwidth, 90% spectrum utilization (i.e., 15 PRBs for 15 kHz SCS) shall be assumed for the maximum transmission bandwidth. 
Question 2: RAN1 have discussed aspects related to synch raster in the spectrum of interest. RAN1 would like to ask RAN4 if finer synch raster for the 3MHz and/or 5MHz channel bandwidth is feasible, as well as if RAN4 needs any input from RAN1.
Answer 2: RAN4 concluded that new finer sync raster dedicated to the new channel bandwidth 3 MHz is feasible so that the new sync raster does not have impact on legacy UEs that can only support the legacy sync raster and channel bandwidths. RAN4 agreed the following new sync raster sequence for 3 MHz channel bandwidth only.
1st approach) a new sync raster with a fixed subcarrier offset from 100 kHz channel raster. 
2nd approach) a new sync raster sequence by the following formula (within targeted bands),
· 600 kHz + N * 1200 kHz + M * 50 kHz, N ϵ {1:2499}, M ϵ {1,3,5}, 
· 120 kHz + N * 1200 kHz + M * 50 kHz, N ϵ {1:2499}, M ϵ {1,3,5}
or simply
· 120 kHz + N * 600 kHz + M * 50 kHz, N ϵ {2:4999}, M ϵ {1,3,5}.
2. Actions: RAN4 kindly requests RAN1 to take the above answers into account in finalizing SSB design for 3 MHz channel bandwidth. 

3. Dates of Next RAN WG4 Meetings:
TSG RAN WG4 Meeting #106-bis-e	April, 2023	Online
TSG RAN WG4 Meeting #107	June, 2023	S. Korea
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