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1 Introduction
This contribution discusses synchronization raster and its related issues for NR from 52.6 GHz to 71 GHz, and the number of synchronization raster entries for a given band will further impact the decision on the default subcarrier spacing(s) used by the UE for initial cell search. 
2 Rel-15 and Rel-16 Synchronization Raster
There have been two types of synchronization and channel raster design in Rel-15 and Rel-16, for licensed spectrum and unlicensed spectrum, respectively. 


Figure 1 Illustration of synchronization and channel raster in Rel-15 and Rel-16.
For Type 1 synchronization and channel raster design, channel raster interval is as small as subcarrier spacing level to provide full flexibility for operators to allocate the channels, and the synchronization raster is designed to guarantee at least one SS/PBCH block being implemented within the minimum channel bandwidth (MCBW). To achieve this purpose, the synchronization raster interval is chosen as , wherein  is the minimum channel bandwidth to include the corresponding SS/PBCH block with respect to the targeted SCS (not including the guard band), and  is the SS/PBCH block bandwidth with respect to the targeted SCS. For example, Type 1 synchronization and channel raster design is applicable to Rel-15 FR2. When the default SCS of SS/PBCH block is 120 kHz,  MHz,  MHz, such that  MHz; when the default SCS of SS/PBCH block is 240 kHz,  MHz,  MHz, such that  MHz. 
For Type 2 synchronization and channel raster design, channel raster and synchronization raster are both fixed as single location for a given channel. There is one and only one synchronization raster entry within a channel with minimum channel bandwidth, and the synchronization raster interval is approximately same as minimum carrier bandwidth, subject to some rounding to integer number of RBs to be compatible with GSCN values. For example, Type 2 synchronization and channel raster design is applicable to Rel-16 NR-U, wherein  or  MHz.   
3 Synchronization Raster for 52.6 to 71 GHz
For NR operated from 52.6 GHz to 71 GHz, both licensed and unlicensed bands could be included in this carrier frequency range, hence, both types of synchronization and channel raster design are being considered in RAN4. This section analyzes the complexity of each type of synchronization and channel raster design, and especially its impact to the selection of default SCS for SS/PBCH block for initial cell search. 
Table 1 summarizes the synchronization raster interval for combinations of SCS of SS/PBCH block and minimum channel bandwidth, for both Type 1 and Type 2 synchronization and channel raster design. Note that the value of synchronization raster interval for Type 2 synchronization and channel raster design is an approximation, and it can be further subject to changes due to different rounding to integers. The following observation can be made from Table 1.
Observation 1: Synchronization raster interval can be larger when supporting a larger minimum channel bandwidth. 
[bookmark: _Ref60921995]Table 1 Synchronization raster interval for NR 52.6 to 71 GHz. 
	Sync Raster Interval (GSCN)
	Minimum Channel BW (MHz)

	
	50
	100
	200
	400

	Type 1 Sync and Channel Raster Design
	SCS of SSB (kHz)
	120
	1
	3
	9
	20

	
	
	240
	2
	2
	7
	18

	
	
	480
	4
	4
	4
	15

	
	
	960
	8
	8
	8
	8

	Type 2 Sync and Channel Raster Design
	SCS of SSB (kHz)
	120
	3
	6
	12
	24

	
	
	240
	6
	6
	12
	24

	
	
	480
	12
	12
	12
	24

	
	
	960
	24
	24
	24
	24



Table 2 summarizes the estimated number of synchronization raster entries for band from 57 to 66 GHz. Note that the number does include the impact from guard band yet, but the trend should be clear regardless. The following observation can be made based on Table 2. 
Observation 2: The number of synchronization raster entries can be smaller when supporting a larger minimum channel bandwidth. 
[bookmark: _Ref60925805]Table 2 Number of synchronization raster entries for NR 57 to 66 GHz. 
	Number of Sync Raster Entries
	Minimum Channel BW (MHz)

	
	50
	100
	200
	400

	Type 1 Sync and Channel Raster Design
	SCS of SSB (kHz)
	120
	520
	173
	57
	26

	
	
	120 + 240
	780
	433
	131
	54

	
	
	120 + 480
	650
	303
	187
	60

	
	
	120 + 960
	585
	238
	122
	91

	
	
	 120 + 240 + 480 + 960
	975
	628
	326
	153

	Type 2 Sync and Channel Raster Design
	SCS of SSB (kHz)
	120
	180
	90
	45
	22

	
	
	120 + 240
	270
	180
	90
	44

	
	
	120 + 480
	225
	135
	90
	44

	
	
	120 + 960
	202
	112
	67
	44

	
	
	 120 + 240 + 480 + 960
	337
	247
	157
	88



We also note that in NR FR2, at most 344 synchronization raster entries were supported for a given band (please refer to Appendix for details), then in order to keeping the same or similar UE complexity in initial searching a band between 52.6 GHz to 71 GHz, we should carefully choose the value of minimum channel bandwidth and the value of default SCS for SS/PBCH block. Also note that the determination of the minimum channel bandwidth should also take into account other aspects, including the assignment/auction of the spectrum utilization, flexibility in frequency resource allocation, and the link coverage with power constraint, which will be discussed in RAN4.    
Proposal: RAN1 shall coordinate with RAN4 on determining the minimum channel bandwidth and extra default SCS for SS/PBCH block in initial cell search.
4 Conclusion
The observations and proposal made in this contribution are summarized below:
[bookmark: _GoBack]Observation 1: Synchronization raster interval can be larger when supporting a larger minimum channel bandwidth. 
Observation 2: The number of synchronization raster entries can be smaller when supporting a larger minimum channel bandwidth. 
Proposal: RAN1 shall coordinate with RAN4 on determining the minimum channel bandwidth and extra default SCS for SS/PBCH block in initial cell search.
5 Appendix
Table 3 summarizes the number of synchronization raster entries in FR2, based on Table 5.4.3.3-1 in TS 38.101-2 (also quoted below). 
[bookmark: _Ref60922908]Table 3 Summary for the number of synchronization raster entries in FR2.
	NR operating band
	SCS of SSB
	Number of sync raster entries per SCS
	Total number of sync raster entries per band

	n257
	120
	171
	255

	
	240
	84
	

	n258
	120
	187
	280

	
	240
	93
	

	n259
	120
	230
	344

	
	240
	114
	

	n260 
	120
	172
	257

	
	240
	85
	

	n261
	120
	47
	70

	
	240
	23
	



========================= Quoted from TS 38.101-2 Section 5.4.3.3 ==============================
Table 5.4.3.3-1: Applicable SS raster entries per operating band
	NR Operating Band
	SS Block SCS
	SS Block pattern1
	Range of GSCN
(First – <Step size> – Last)

	n257
	120 kHz
	Case D
	22388 - <1> - 22558

	
	240 kHz
	Case E
	22390 - <2> - 22556

	n258
	120 kHz
	Case D
	22257 - <1> - 22443

	
	240 kHz
	Case E
	22258 - <2> - 22442

	n259
	120 kHz
	Case D
	23140 – <1> – 23369

	
	240 kHz
	Case E
	23142 – <2> – 23368

	n260 
	120 kHz
	Case D
	22995 - <1> - 23166

	
	240 kHz
	Case E
	22996 - <2> - 23164

	n261
	120 kHz
	Case D
	22446 - <1> - 22492

	
	240 kHz
	Case E
	22446 - <2> - 22490

	NOTE 1:	SS Block pattern is defined in clause 4.1 in TS 38.213 [10].


========================= Quoted from TS 38.101-2 Section 5.4.3.3 ==============================
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