
[bookmark: page1]3GPP TSG-RAN WG4 Meeting #103-e	R4-2209721
Electronic meeting, May 9 – 20, 2022


Source:	Nokia, Nokia Shanghai Bell, UIC
Title:	Synchronization raster design for n100
Agenda item:	8.2.1
Document for:	Approval

1.  Introduction
In RAN4#101-bis-e meeting a potential forward compatibility issue for synchronization raster in n100 was raised. In this contribution we provide analysis for this issue and propose how to define synchronization raster for n100.
2.  Discussion
As described in Work Item Description [1] operating bandwidth for the narrowband NR is ranging from approximately 3 MHz up to below 5 MHz: 
	The following objectives shall be included for dedicated FDD spectrum in FR1:
Identify and specify necessary changes to NR physical layer with minimum specification impact to operate in spectrum allocations from approximately 3 MHz up to below 5 MHz [RAN1]:
Restrict to subcarrier spacing of 15kHz and the use of normal cyclic prefix.
For SSB:
Reuse PSS/SSS specification without puncturing.
PBCH based on current design
…



Furthermore, since the operating bandwidth may be smaller than the bandwidth of an SSB, puncturing of the SSB is needed. However, the principle for the puncturing of the SSB is that PSS/SSS are not punctured as also stated in the WID.
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 an allowed bandwidth of, for example, 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, 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.
[image: ]
[bookmark: _Ref95397739]Figure 1 Synchronization raster consideration for 3 MHz bandwidth.
Observation 1: In general, for an allowed 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 the analysis of n100 two guard band assumptions are considered: 150 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:
	N
	M
	SS_REF [Hz]
	GSCN

	767
	5
	920650000
	2302

	768
	1
	921650000
	2303

	768
	3
	921750000
	2304

	768
	5
	921850000
	2305

	769
	1
	922850000
	2306

	769
	3
	922950000
	2307

	769
	5
	923050000
	2308



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 in both ends of the band.
As discussed in above the sync raster points (or clusters) should be placed more closely than every 1.2 MHz. 
· One possible design could be to define sync raster points with 100 kHz raster, i.e. same as channel raster. 
· Another option could be to define additional sync raster points by interpolating the existing GSCN, i.e., N * 600 kHz + M * 50 kHz, which works for 150 kHz guard band without puncturing SSB. Although sync raster density is half of channel raster, this method requires different puncturing pattern on PBCH depending on channel placement. Currently it’s not clear what is the impact on PBCH reception performance. 
Observation 3: Selection of possible puncturing patterns may have impact on sync raster design.
There is a potential dependency between the puncturing and applicable sync raster, it is more prudent to consider the sync raster applicable for narrowband operation only in rel-18 together with the puncturing design. The downside is that changes to sync raster are needed in rel-18.
Proposal 1: Define sync raster for n100 in rel-17 based on 5 MHz channel bandwidth and therefore reusing rel-15 sync raster design.
It’s also to be noted that narrowband NR operation is also considered to be deployed in bands n8, n26 and n28 for the dedicated spectrum use for instance for smart grid and public safety purposes. In those cases, 2x3 MHz FDD channels are considered. Thus, a similar approach may need to be taken for n8, n26 and n28 as well where 3 MHz NR allocation may need to be placed into certain dedicated part of the band. As discussed above current sync raster design may not support that approach but a new design may be needed. Also for those cases, 100 kHz sync raster, i.e. the same as channel raster, would work.
Observation 4: A new sync raster design is likely needed that covers the needs for bands n8, n26, n28 and n100.
3. Conclusion
In this contribution we discussed synchronization raster design for n100. Following observations and proposals were made.
Observation 1: In general, for an allowed bandwidth of, for example, 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 in both ends of the band.
Observation 3: Selection of possible puncturing patterns may have impact on sync raster design.
Observation 4: A new sync raster design is likely needed that covers the needs for bands n8, n26, n28 and n100. 
Proposal 1: Define sync raster for n100 in rel-17 based on 5 MHz channel bandwidth and therefore reusing rel-15 sync raster design.
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