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1. Introduction
The following objective is included in the revised work item [1]:
· In addition to 120kHz, support 480 kHz SSB for initial access with support of CORESET#0/Type0-PDCCH configuration in the MIB with following constraints:
· Limited sync raster entry numbers
· It is assumed that RAN4 supports a channelization design which results in the total number of synchronization raster entries considering both licensed and unlicensed operation in a 52.6 – 71 GHz band no larger than 665 (Note: the total number of synchronization raster entries in FR2 for band n259 + n257 is 599). If the assumption cannot be satisfied, it’s up to RAN4 to decide its applicability to bands in 52.6 – 71 GHz.
In this contribution, we mainly discuss the synchronization raster design for NR operation from 52.6GHz to 71 GHz. 
2. [bookmark: _Ref498564494]Discussion on synchronization raster design
1. 
2. 
[bookmark: _Ref521492551][bookmark: OLE_LINK1]Existing synchronization raster design
[bookmark: PP12]The purpose of the design of synchronization raster is to enable the UE to detect the synchronization signal on explicit frequency positions. A global synchronization raster is defined for all frequencies. The frequency position of the SS block is defined as SSREF with corresponding number GSCN. The parameters defining the SSREF and GSCN for all the frequency ranges are in Table 5.4.3.1-1 in TS 38.104 [2] .
Table 5.4.3.1-1: GSCN parameters for the global frequency raster
	Frequency range
	SS block frequency position SSREF
	GSCN
	Range of GSCN

	0 – 3000 MHz
	N * 1200kHz + M * 50 kHz,
N=1:2499, M ϵ {1,3,5} (Note)
	3N + (M-3)/2
	2 – 7498

	3000 – 24250 MHz
	3000 MHz + N * 1.44 MHz 
N= 0:14756
	7499 + N
	7499 – 22255

	24250 – 100000 MHz
	24250.08 MHz + N * 17.28 MHz 
N= 0:4383
	22256 + N
	22256 – 26639

	NOTE:	The default value for operating bands which only support SCS spaced channel raster(s) is M=3.



[bookmark: _GoBack]Meanwhile, RAN 4 has already designed the SS rater for the SCS 120 and 240KHz in TS 38.104 [2], Table 5.4.3.3-2.
Table 5.4.3.3-2: Applicable SS raster entries per operating band (FR2)
	NR operating band
	SS Block SCS
	SS Block pattern
(note)
	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:	SS Block pattern is defined in section 4.1 in TS 38.213.


As we can see from these two tables that the minimum GSCN step is 17.28M for FR2 band. And the GSCN step size for SCS 120 kHz and 240 kHz is 1 and 2 respectively. That is, 12 RB for both 120 kHz SCS (17.28 MHz) and 240 kHz SCS (34.56 MHz).
Synchronization raster design for higher SCS
With the introduction of higher SCS (480 kHz), the synchronization raster for higher SCS needs to be designed. In general, it is preferable to reuse the existing design as much as possible to minimize the spec impacts. Therefore, it is needed to understand the principles of the existing design.
[bookmark: _Ref78899947]Proposal 1: Support to reuse the existing synchronization raster design (floating synchronization raster for licensed band and fixed synchronization raster for unlicensed band) for the band operation from 52.6 GHz to 71 GHz to minimize the spec impacts.
In Rel-15 and Rel-16, two types of sync raster and channel rater have been supported, which are designed for licensed band and unlicensed band respectively. 
[bookmark: OLE_LINK2]For licensed band (nY66-71G), the main design criterion is: the channel raster is designed as the frequency granularity between two possible channel locations which increase the deployment flexibility. The design of sync raster is to guarantee that there is at least one SSB under each channel bandwidth. Thus, the sync raster interval can be calculated as: Sync Raster interval =BWCHANNEL-BWSSB. The design of channel raster and sync raster for licensed band is shown in Figure 1.
[image: ]
[bookmark: _Ref68102492]Figure 1：Design of channel raster and sync raster in licensed band
For unlicensed band (nX57-71G), the main design criterion is: channel is evenly, contiguously distributed in the band and the channel bandwidth is the granularity of two adjacent channels. Thus, the sync raster interval can be calculated as: Sync Raster interval =BWCHANNE. The design of channel raster and sync raster for unlicensed band is shown in Figure 2. 

[image: ]
[bookmark: _Ref68104088]Figure 2: Design of channel raster and sync raster in un-licensed band

Furthermore, RAN4 considered options for the minimum and maximum channel bandwidths and provided following information to RAN1 in LS [3]:
	Based on the progress in RAN4#98bis-e, the minimum channel bandwidths for NR operation in 52.6 GHz to 71 GHz were discussed, and the following agreements were made:

· RAN1 question for 120 kHz SCS
· Option 1-1: 100 MHz
· Option 1-2: 200 MHz
· Option 1-3: 400 MHz
· RAN4 decision is option 1-1: 100 MHz

· RAN1 question for 480 kHz SCS
· Option 2-1: 200 MHz
· Option 2-2: 400 MHz
· RAN4 decision is option 2-2: 400 MHz

· RAN1 question for 960 kHz SCS
· Option 3-1: 400 MHz
· Option 3-2: 800 MHz
· Option 3-3: same value as the maximum channel bandwidth for 960 kHz SCS
· RAN4 decision is 3-1: 400 MHz

Additionally, RAN4 agreed on the following maximum channel bandwidths for NR operation in 52.6 GHz to 71 GHz as follow:
· For 120 kHz SCS, 400 MHz
· For 480 kHz SCS, 1600 MHz

The maximum channel bandwidth for 960 kHz SCS is still TBD and RAN4 will inform RAN1 once RAN4 reached an agreement.




Therefore, for licensed band (nY66-71G) with SCS 120 kHz, the BWCHANNEL = 100M with 66RBS (According to TS 38.101-2 [4]), Sync Raster step size =(BWCHANNEL-BWSSB)/17.28M=(66-20)*12*120K/17.28M≈3.8, round down to 3. For licensed band (nY57-71G) with SCS 480 kHz, Sync Raster step size=(66-20)*12*480K/17.28M≈15.3, round down to 15. 
For unlicensed band (nX57-71G) with SCS 120/480 kHz, the first step is to ensure the first GSCN. Assuming the SSB is allocated at the right side of the channel and aligned with the right edge of the channel. Then the first GSCN can be calculated by: 66000+ BWCHANNEL -10*12*SCS- Guard band. That is, 24156 and 24170 for SCS 120 and 480 kHz respectively. Then, the sync Raster step size is 100MHz/17.28M=5 and 400MHz/17.28M=23 for SCS 120 and 480 kHz respectively.
Then, the following SS raster entries for licensed band and unlicensed band can be obtained.
[bookmark: _Ref78899637][bookmark: _Hlk75797661][bookmark: PP1]Table 1: Applicable SS raster entries per operating band
	NR Operating Band
	SS Block SCS
	Range of GSCN
(First – <Step size> – Last)
	Number of sync raster entries
	Total

	nY
66~71GHz
	120 kHz
	24672-<3>-24961
	96
	115

	
	480 kHz
	24672-<15>-24961
	19
	

	nX
57~71GHz
	120 kHz
	24156-<5>-24961
	140
	175

	
	480 kHz
	24170-<23>-24961
	35
	


Note: the number of sync raster entries for nX band should be calculated as: for 120 kHz, the range of GSCN is (32,733.1+n*100)/17.28+22256, thus the n equals to 1~140; for 480 kHz, the range of GSCN is (32,682.64+n*400)/17.28+22256, thus the n equals to 1~35;.

From the Table 1, we can find that the total number of synchronization raster entries considering both licensed and unlicensed operation in a 52.6 – 71 GHz band is much smaller than 665, which is conducive to the UE implementation.
[bookmark: _Ref78899951]Proposal 2: If the existing synchronization raster design is reused for the band operation from 52.6 GHz to 71 GHz, the number of synchronization raster entries is much smaller than 665, which is conducive to the UE implementation.

3. Conclusion
In this contribution, we discuss the synchronization raster design for NR operation from 52.6GHz to 71 GHz, and have the following proposals:
Proposal 1: Support to reuse the existing synchronization raster design (floating synchronization raster for licensed band and fixed synchronization raster for unlicensed band) for the band operation from 52.6 GHz to 71 GHz to minimize the spec impacts.
Proposal 2: If the existing synchronization raster design is reused for the band operation from 52.6 GHz to 71 GHz, the number of synchronization raster entries is much smaller than 665, which is conducive to the UE implementation.
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