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1 Introduction
In RAN4 #91 meeting [1], the following common understanding is achieved on NR-U sync raster:

1. RAN1 SSB multiplexing scheme is waiting for RAN4 decision on the SSB placement. 
2. From RAN4 perspective, NR-U sync raster shall be based on the global NR sync raster design in Rel-15. RAN4 intension is to reduce the number of SS entry per 20MHz for NR-U. Whether to restrict the SSB placement in the middle or edge will be defined in RAN4 considering the cell search performance.  
In this contribution, we discuss sync raster design and SSB placement for NR-U operation. 
2 Discussion 
2.1 Sync raster design in NR-U
As discussed in the last meeting, NR-U sync raster, from RAN4 perspective, shall be based on the global NR sync raster design in Rel-15. RAN4 intention is to reduce the number of SS entry per 20MHz for NR-U.
When co-existing with incumbent WiFi system in 5 GHz band, it is beneficial to re-use WiFi channelization for NR-U operation. Otherwise, 2 WiFi AP that operates on adjacent 20 MHz subbands can block NR-U transmission while NR-U gNB will also block WiFi in two overlapped 20MHz subbands. It is undesirable since the spectrum efficiency is comparatively low with unacceptable access delay. Therefore, it is better to align NR-U 20 MHz channelization with that of WiFi.
Furthermore, for initial access a UE shall blind detect SSB on each possible sync raster candidate, which is a subset of the global NR sync raster defined in Rel-15. However, SSB transmission in unlicensed band depends on LBT at gNB side, and may incur additional delay. Hence fewer sync raster candidates per 20 MHz could be beneficial to reduce the overall access delay. In such case, only single candidate position is defined for SSB placement within each 20 MHz channel.
Proposal 1:  Only single candidate position is defined for SSB placement within each 20 MHz channel.
2.2 SSB placement in frequency domain
As described in the LS from RAN1 [2], rate matching around the SSBs may be needed no matter the SSB is placed at the edge or in the middle of the initial BWP. However, when the SSB is placed at the edge of 20 MHz channel, it is more likely to be interfered by adjacent channels. It could lead to reduced SNR of SSB at UE side, which may also increase the access delay. Therefore, SSB shall be placed in the middle of 20 MHz channel.
In NR the frequency position of the SS block is defined as SSREF with corresponding number GSCN:

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.


As discussed above, in NR-U, it is enough to have single SSB position per 20MHz, and the SSB should be placed in the middle. According to the channel arrangement for 5GHz band [4] the following applicable SS raster entries for band 46 should be supported. Notably, the SS block pattern for NR-U is still under discussion in RAN1. 
Table 1. Applicable SS raster entries for band n46

	NR Operating band
	SS  Block SCS
	SS Block pattern1
	Range of GSCN
(First – <Step size> – Last)

	n46
	30 kHz
	Depending on decision in RAN1
	8993– 9530(Note)

	NOTE: The following GSCN are allowed for Band 46 assuming SSB placed in the middle of 20MHz channel:
GSCN={8999;9013;9027;9041;9055;9068;9082;9096;9110;9124;9221;9235;9249;9263;9277;9291;9305;9318;9332;9346;9360;9374;9388;9405;9419;9433;9447;9461;9475;9489;9502;9516}


Proposal 2: SSB shall be placed in the middle of 20 MHz channel, and the applicable SS raster entries for band n46 in Table 1 should be supported.
3 Conclusions
In this contribution, we discuss sync raster design and the corresponding SSB placement for NR-U, and the following observation and proposals were made:
Proposal 1:  Only single candidate position is defined for SSB placement within each 20 MHz channel.
Proposal 2: SSB shall be placed in the middle of 20 MHz channel, and the applicable SS raster entries for band n46 in Table 1 should be supported.
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