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Introduction
Several topics related to the initial access procedure in NR-U have been discussed in the SI stage, e.g. channel access, DRS design, enhancements on PRACH and paging. Besides these topics, as SA deployment is supported in NR-U, the initial cell search procedure and the SS raster design for NR-U need to be discussed as well.  

Discussion
In LTE and NR systems[1-3], two kinds of raster have been defined. One is the channel raster, which can be used to indicate the center frequency of a carrier. Another is the SS raster, which indicates the frequency position of synchronization signal and can be used by a UE for system acquisition. 
In LTE[1], the SS raster is same as the channel raster which is 100 kHz for all bands given by the following equation,
	FDL = FDL_low + 0.1(NDL – NOffs-DL)
where FDL_low and NOffs-DL are given in Table 1 and NDL is the downlink ARFCN.

Table 1   SS raster and channel raster in LTE
	E-UTRA Operating
Band
	Downlink

	
	FDL_low (MHz)
	NOffs-DL
	Range of NDL

	…

	26
	859
	8690
	8690 – 9039

	27
	852
	9040
	9040 – 9209

	28
	758
	9210
	9210 – 9659

	29
	717
	9660
	9660 – 9769

	30
	2350
	9770
	9770 – 9869

	31
	462.5
	9870
	9870 – 9919

	32
	1452
	9920
	9920 – 10359

	33
	1900
	36000
	36000 – 36199 

	34
	2010
	36200
	36200 – 36349

	35
	1850
	36350
	36350 – 36949

	36
	1930
	36950
	36950 – 37549

	37
	1910
	37550
	37550 – 37749

	38
	2570
	37750
	37750 – 38249

	39
	1880
	38250
	38250 – 38649

	40
	2300
	38650
	38650 – 39649

	41
	2496
	39650
	39650 –41589

	…



In NR, considering the band is wider than that of LTE, if 100 kHz SS raster is reused for cell search, the complexity will be extremely high. So the SS raster needs to be set sparser than that before. However, if the channel raster is set sparser accordingly, the flexibility of cell deployment will be confined. After a long discussion in both RAN1 and RAN4 in Rel-15, finally the channel raster and the SS raster are redesigned separately in NR considering the different requirements and new characteristics of the NR-U system. 
In Rel-15[2-3], different channel rasters are used in different licensed bands, e.g. 100kHz for n38 and 15kHz for n41. More detailed designs are shown in Table 2, the channel rasters in each NR operating band are given by the applicable NR-ARFCN. In NR, the SS raster for licensed bands has also been defined as shown in Table 3. Granularities of the SS raster are 1.2MHz and 1.44MHz for 0-3GHz and 3-24.25GHz respectively. This kind of design with sparser SS raster and denser Channel raster has considered the tradeoff between the complexity of cell search and the flexibility of cell deployment. 

Table 2   Applicable NR-ARFCN per operating band
	NR Operating Band
	ΔFRaster 
(kHz) 
	Uplink
Range of NREF
(First – <Step size> – Last)
	Downlink
Range of NREF
(First – <Step size> – Last)

	n1
	100
	384000 – <20> – 396000
	422000 – <20> – 434000

	n2
	100
	370000 – <20> – 382000
	386000 – <20> – 398000

	n3
	100
	342000 – <20> – 357000
	361000 – <20> – 376000

	n5
	100
	164800 – <20> – 169800
	173800 – <20> – 178800

	n7
	100
	500000 – <20> – 514000
	524000 – <20> – 538000

	n8
	100
	176000 – <20> – 183000
	185000 – <20> – 192000

	n12
	100
	139800 – <20> – 143200
	145800 – <20> – 149200

	n20
	100
	166400 – <20> – 172400
	158200 – <20> – 164200

	n25
	100
	370000 – <20> – 383000
	386000 – <20> – 399000

	n28
	100
	140600 – <20> – 149600
	151600 – <20> – 160600

	n34
	100
	402000 – <20> – 405000
	402000 – <20> – 405000

	n38
	100
	514000 – <20> – 524000
	514000 – <20> – 524000

	n39
	100
	376000 – <20> – 384000
	376000 – <20> – 384000

	n40
	100
	460000 – <20> – 480000
	460000 – <20> – 480000

	n41
	15
	499200 – <3> – 537999
	499200 – <3> – 537999

	
	30
	499200 – <6> – 537996
	499200 – <6> – 537996

	n50
	100
	286400 – <20> – 303400
	286400 – <20> – 303400

	n51
	100
	285400 – <20> – 286400
	285400 – <20> – 286400

	n66
	100
	342000 – <20> – 356000
	422000 – <20> – 440000

	n70
	100
	339000 – <20> – 342000
	399000 – <20> – 404000

	n71
	100
	132600 – <20> – 139600
	123400 – <20> – 130400

	n74
	100
	285400 – <20> – 294000
	295000 – <20> – 303600

	n75
	100
	N/A
	286400 – <20> – 303400

	n76
	100
	N/A
	285400 – <20> – 286400

	n77
	15
	620000 – <1> – 680000
	620000 – <1> – 680000

	n77
n78
	30
	620000 – <2> – 680000
	620000 – <2> – 680000

	
	15
	620000 – <1> – 653333
	620000 – <1> – 653333

	n78
n79
	30
	620000 – <2> – 653332
	620000 – <2> – 653332

	
	15
	693334 – <1> – 733333
	693334 – <1> – 733333

	n79
n80
	30
	693334 – <2> – 733332
	693334 – <2> – 733332

	
	100
	342000 – <20> – 357000
	N/A

	n81
	100
	176000 – <20> – 183000
	N/A

	n82
	100
	166400 – <20> – 172400 
	N/A

	n83
	100
	140600 – <20> –149600
	N/A

	n84
	100
	384000 – <20> – 396000
	N/A

	n86
	100
	342000 – <20> – 356000
	N/A





Table 3   SS raster for different frequency range
	Frequency range
	SS Block frequency position SSREF

	0 – 3000 MHz
	N * 1200kHz + M * 50 kHz, 
N=1:2499, M ϵ {1,3,5} 

	3000-24250 MHz
	3000 MHz + N * 1.44 MHz
N = 0:14756



In Rel-16, SA is supported in NR-U, so the SS raster for unlicensed bands should be designed accordingly. In a NR-U system, nominal channels with 20MHz bandwidth are predefined and only these nominal channels can be used to set up cells, i.e. the flexibility of cell deployment is restricted due to the granularity of available channels. Based on the restriction, unlicensed bands do not need too much SS rasters and channel rasters within a nominal channel. Actually, setting one or a few SS rasters within each nominal channel could ensure the needs for cell deployment, meanwhile it also benefits the cell search procedure in NR-U SA cases. Thus, the design of SS raster for unlicensed bands should be reconsidered.
Proposal 1: 	The design of SS raster for unlicensed bands should be reconsidered in NR-U. 
Since only a few SS rasters are needed within a nominal channel(e.g. 20MHz), it is better to predefine one or more candidate position(s) within each nominal channel, e.g. on the center of a nominal channel or on the center with a fixed offset. The GSCN design for NR may not be reused here, since the granularity of GSCN (1.2MHz) can not guarantee the SS raster within nominal channels (e.g. 20MHz) are located on the same position relative to the edge of the nominal channels.
Observation 1：The GSCN design for NR could not be reused in NR-U.
Besides, the design of SS raster may also affect other issues in NR-U, such as the DRS design within an initial BWP, different designs for the signal/channel within a DRS and the method to fulfill OCB requirements in SSB symbols. So it is better to conduct related works as soon as possible. Considering the detailed work for NR-U SS raster design should be conducted by RAN 4, as a start point, RAN 1 can give some background information and requirements to RAN4.
Proposal 2: 	The design of SS raster for NR-U should be conducted and RAN1 could give some background information and requirements to RAN4.

Conclusion
In this contribution, the SS raster in NR-U has been discussed. The following are proposed.
Proposal 1: 	The design of SS raster for unlicensed bands should be reconsidered in NR-U. 
Observation 1：The GSCN design for NR could not be reused in NR-U.
[bookmark: _GoBack]Proposal 2: 	The design of SS raster for NR-U should be conducted and RAN1 could give some background information and requirements to RAN4.
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