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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 maybe smaller than the bandwidth of an SSB, puncturing of the SSB is needed. However, the principle for the puncturing for 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 designed in NR to be much more sparse 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 being either 50, 150 or 250 kHz apart. 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 redesigning for narrowband NR operation.
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[bookmark: _Ref95397739]Figure 1 Synchronization raster consideration for 3 MHz bandwidth.
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. 
For the analysis of n100 we consider two guard band assumptions: 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:
[image: ]
One can observe that current sync raster design in FR1 does not provide sync raster points in n100 to support narrowband allocation in either of the edges of the band when assuming guard bands of 5 MHz NR allocation. In addition, when assuming guard bands of 3 MHz NR allocation (150 kHz guard) PSS/SSS can be allocated only in the lower part of the n100 band. Thus, a new design would be needed for sync raster for n100 in order to support narrowband NR allocation in both ends of the band. This could be realized using 3 MHz channel bandwidth.
Observation 2: A new design would be needed for sync raster for 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, the latter method requires different puncturing pattern on PBCH depending on channel placement. Currently it’s not clear what is the impact on PBCH reception performance. 
Proposal 1: New sync raster design is needed for n100 in order to support narrowband NR allocation. Consider 100 kHz sync raster for n100 where:
NREF = 184140:20:184740
SSREF= 5 kHz x NREF

This sync raster can be captured in the specification as illustrated below

<Example of specification impact>

Table 5.4.3.3-1: Applicable SS raster entries per operating band (FR1)
	NR operating band
	SS Block SCS
	SS Block pattern
(NOTE 1)
	Range of GSCN
(First – <Step size> – Last)

	n1
	15 kHz
	Case A
	5279 – <1> – 5419

	n2
	15 kHz
	Case A
	4829 – <1> – 4969

	n3
	15 kHz
	Case A
	4517 – <1> – 4693

	n5
	15 kHz
	Case A
	2177 – <1> – 2230

	
	30 kHz
	Case B
	2183 – <1> – 2224

	n7
	15 kHz
	Case A
	6554 – <1> – 6718

	n8
	15 kHz
	Case A
	2318 – <1> – 2395

	n12
	15 kHz
	Case A
	1828 – <1> – 1858

	n13
	15 kHz
	Case A
	1871 – <1> – 1885

	n14
	15 kHz
	Case A
	1901 – <1> – 1915

	n18
	15kHz
	CaseA
	2156 – <1> – 2182

	n20
	15 kHz
	Case A
	1982 – <1> – 2047

	n24
	15 kHz
	Case A
	3818 – <1> – 3892

	
	30 kHz
	Case B
	3824 – <1> – 3886

	n25
	15 kHz
	Case A
	4829 – <1> – 4981

	n26
	15 kHz
	Case A
	2153 – <1> – 2230

	n28
	15 kHz
	Case A
	1901 – <1> – 2002

	n29
	15 kHz
	Case A
	1798 – <1> – 1813

	n30
	15 kHz
	Case A
	5879 – <1> – 5893

	n34
	15 kHz
	Case A
	NOTE 3

	
	30 kHz
	Case C
	5036 – <1> – 5050

	n38
	15 kHz
	Case A
	NOTE 2

	
	30 kHz
	Case C
	6437 – <1> – 6538

	n39
	15 kHz
	Case A
	NOTE 4

	
	30 kHz
	Case C
	4712 – <1> – 4789

	n40
	30 kHz
	Case C
	5762 – <1> – 5989

	n41
	15 kHz
	Case A
	6246 – <3> – 6717

	
	30 kHz
	Case C
	6252 – <3> – 6714

	n465
	30 kHz
	Case C
	8993 – <1> – 9530

	n48
	30 kHz
	Case C
	7884 – <1> – 7982

	n50
	30 kHz
	Case C
	3590 – <1> – 3781

	n51
	15 kHz
	Case A
	3572 – <1> – 3574

	n53
	15 kHz
	Case A
	6215 – <1> – 6232

	n65
	15 kHz
	Case A
	5279 – <1> – 5494

	n66
	15 kHz
	Case A
	5279 – <1> – 5494

	
	30 kHz
	Case B
	5285 – <1> – 5488

	n67
	15 kHz
	Case A
	1850 – <1> – 1888

	n70
	15 kHz
	Case A
	4993 – <1> – 5044

	n71
	15 kHz
	Case A
	1547 – <1> – 1624

	n74
	15 kHz
	Case A
	3692 – <1> – 3790

	n75
	15 kHz
	Case A
	3584 – <1> – 3787

	n76
	15 kHz
	Case A
	3572 – <1> – 3574

	n77
	30 kHz
	Case C
	7711 – <1> – 8329

	n78
	30 kHz
	Case C
	7711 – <1> – 8051

	n79
	30 kHz
	Case C
	8480 – <16> – 88807

	
	
	
	8475 – <1> – 88848

	n85
	15 kHz
	Case A
	1826 – <1> – 1858

	n90
	15 kHz
	Case A
	6246 – <1> – 6717

	
	30 kHz
	Case C
	6252 – <1> – 6714

	n91
	15 kHz
	Case A
	3572 – <1> – 3574

	n92
	15 kHz
	Case A
	3584 – <1> – 3787

	n93
	15 kHz
	Case A
	3572 – <1> – 3574

	n94
	15 kHz
	Case A
	3584 – <1> – 3787

	n966
	30 kHz
	Case C
	9531 – <1> – 10363

	n100
	15 kHz
	Case A
	(Note 9)

	NOTE 1:	SS Block pattern is defined in clause 4.1 in TS 38.213 [10].
NOTE 2:	The applicable SS raster entries are GSCN = {6432, 6443, 6457, 6468, 6479, 6493, 6507, 6518, 6532, 6543}
NOTE 3:	The applicable SS raster entries are GSCN = {5032, 5043, 5054}
NOTE 4:	The applicable SS raster entries are GSCN = {4707, 4715, 4718, 4729, 4732, 4743, 4747, 4754, 4761, 4768, 4772, 4782, 4786, 4793}
NOTE 5:	The following GSCN are allowed for operation in band n46:
	GSCN = {8996, 9010, 9024, 9038, 9051, 9065, 9079, 9093, 9107, 9121, 9218, 9232, 9246, 9260, 9274, 9288, 9301, 9315, 9329, 9343, 9357, 9371, 9385, 9402, 9416, 9430, 9444, 9458, 9472, 9485, 9499, 9513}.
NOTE 6:	The following GSCN are allowed for operation in band n96:
	GSCN = { 9548, 9562, 9576, 9590, 9603, 9617, 9631, 9645, 9659, 9673, 9687, 9701, 9714, 9728, 9742, 9756, 9770, 9784, 9798, 9812, 9826, 9840, 9853, 9867, 9881, 9895, 9909, 9923, 9937, 9951, 9964, 9978, 9992, 10006, 10020, 10034, 10048, 10062, 10076, 10090, 10103, 10117, 10131, 10145, 10159, 10173, 10187, 10201, 10214, 10228, 10242, 10256, 10270, 10284, 10298, 10312, 10325, 10339, 10353}.
NOTE 7:	The SS raster entries apply for channel bandwidths larger than or equal to 40 MHz.
NOTE 8: 	The SS raster entries apply for channel bandwidths smaller than 40 MHz.
NOTE 9:   For n100 the absolute synchronization raster frequency points are 5 kHz * NREF, with NREF equal to 184140:20:184740




<Example of specification impact ends>
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, the 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 3: A new sync raster design is likely needed also for bands n8, n26 and n28 in order to support for instance dedicated spectrum use of 3 MHz NR operation for instance for smart grid and public safety. 
Observation 4: 100 kHz sync raster can be considered for n8, n26 and n28 to support dedicated spectrum use of narrowband NR (e.g. 3 MHz NR operation). 
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 design would be needed for sync raster for n100 in order to support narrowband NR allocation in both ends of the band.
Proposal 1: New sync raster design is needed for n100 in order to support narrowband NR allocation. Consider 100 kHz sync raster for n100 where:
NREF = 184140:20:184740
SSREF= 5 kHz x NREF
Observation 3: A new sync raster design is likely needed also for bands n8, n26 and n28 in order to support for instance dedicated spectrum use of 3 MHz NR operation for instance for smart grid and public safety. 
Observation 4: 100 kHz sync raster can be considered for n8, n26 and n28 to support dedicated spectrum use of narrowband NR (e.g. 3 MHz NR operation). 
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