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Introduction
In RAN4#91 meeting, RAN4 has an agreement on sync raster for NR-U as followings:
· To define reduced number of SS raster entries for NR-U. 
· Based on further RAN1 LS R4-1907801, RAN4’s common understanding is 
· RAN1 SSB multiplexing scheme is waiting for RAN4 decision on the SSB placement. 
· [bookmark: OLE_LINK13]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 document, we further discuss the design of SS raster for NR-U.

Discussion
2.1 Background
In LTE and NR systems, 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/Sync raster, which indicates the frequency position of synchronization signal and can be used by a UE for system acquisition. 
In LTE, the SS raster is same as the channel raster which is 100 kHz for all bands, and EARFCN for uplink and downlink are given in Table 5.7.3-1 of TS 36.101. 
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. Furthermore, in Rel-15 different channel rasters are used in different licensed bands, e.g. 100 kHz for n38 and 15 kHz for n41. And 4 bits indicator ssb-SubcarrierOffset is defined in MIB as frequency domain offset between SSB and the overall resource block grid in number of subcarriers. 
MIB ::=                             SEQUENCE {
    systemFrameNumber                   BIT STRING (SIZE (6)),
    subCarrierSpacingCommon             ENUMERATED {scs15or60, scs30or120},
    ssb-SubcarrierOffset                INTEGER (0..15),
    dmrs-TypeA-Position                 ENUMERATED {pos2, pos3},
    pdcch-ConfigSIB1                    PDCCH-ConfigSIB1,
    cellBarred                          ENUMERATED {barred, notBarred},
    intraFreqReselection                ENUMERATED {allowed, notAllowed},
    spare                               BIT STRING (SIZE (1))
}
	ssb-SubcarrierOffset
Corresponds to kSSB (see TS 38.213 [13]), which is the frequency domain offset between SSB and the overall resource block grid in number of subcarriers. (See TS 38.211 [16], clause 7.4.3.1).
The value range of this field may be extended by an additional most significant bit encoded within PBCH as specified in TS 38.213 [13].
This field may indicate that this cell does not provide SIB1 and that there is hence no CORESET#0 configured in MIB (see TS 38.213 [13], clause 13). In this case, the field pdcch-ConfigSIB1 may indicate the frequency positions where the UE may (not) find a SS/PBCH with a control resource set and search space for SIB1 (see TS 38.213 [13], clause 13).



More detailed designs are shown in Table 5.4.2.4-1 of TS 38.101-1, 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 1. 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 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 1)
	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 1:	The default value for operating bands with SCS spaced channel raster is M=3.



[bookmark: _Toc16611910]Observation 1: Channel raster and SS raster are designed separately in NR, and extra signaling for frequency domain offset is defined for SSB and the overall resource block alignment in Rel-15.
2.2 NR-U sync raster design
In Rel-16, standalone is supported in NR-U as well. Considering the different requirements and new characteristics of NR-U system, 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.  
RAN4 has agreed NR-U sync raster shall be based on the global NR sync raster design in Rel-15, and reducing the number of SS entry for NR-U, i.e., a single SS raster per 10 MHz or 20 MHz. And according to the agreement of RAN-P, 10 MHz also be involved as a minimum channel bandwidth for NR-U. In our view, SS raster should be designed in similar rule for both 10MHz and 20MHz BW channels.
[bookmark: _Toc16611911]Proposal 1: Both per 10MHz and 20MHz BW should be considered in similar rule for NR-U SS raster design.
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. 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. And two options have been proposed by companies that frequency points of SS raster can be placed in the closest to the middle or edge of the bandwidth.


[image: ]
Figure 1. two alternatives of SSB locations in 20MHz [2]
In our understanding, it is necessary to do rate match anyway regardless of SSB placement in the middle or edge, since the resource for NR-U is limited due to LBT. And regarding little difference of cell search performance, whether to restrict the SSB placement in the middle or edge seems not a big issue from this perspective.
[bookmark: _Toc16611912]Observation 2: It is necessary to do rate match anyway regardless of SSB placement in the middle or edge.
Given that the tradeoff between the complexity of cell search and the flexibility of cell deployment have been considered, NR system in Rel-15 is specified with sparser SS raster and denser channel raster. Base on this, we would like to suggest RAN4 focus on such issues: 
· No strong demand for flexibility of NR-U cell deployment in Rel-16 since the channel for NR-U is predefined by regulation. 
· Too intensive channel raster and over-design sync raster seem not needed any more. 
· Furthermore, in this case, the bits in MIB which indicate RB shift for NR-U data in alignment with SS-raster can be further reduced or even threw off. 
In addition, considering the power boosting of SSB at the edge would degrade the SEM performance, and better protection against adjacent channel interference, we propose that SSB raster frequency points could be placed in the middle of NR-U 20MHz or 10MHz BW with a fixed offset. As complementary, different sets of sync raster can be defined for 20MHz and 10MHz, respectively. Regarding 10MHz may be allowed for certain band in limited regions, an additional restriction of applicability for such regions can be further decided in RAN4.
[bookmark: _Toc16611913]Proposal 2: SSB raster frequency points could be placed in the middle of per 10MHz or 20MHz with a fixed offset. 
[bookmark: _Toc16611914]Proposal 3: Different sets of sync raster can be defined for 20MHz and 10MHz, respectively.
In addition, we prefer RAN4 consider the similar SSB raster design rule for both 5GHz and 6GHz so as to ensure the conformity of the whole NR-U system.
[bookmark: _Toc16611915]Proposal 4: The method for sync raster design of 5GHz band can be reused for that of 6GHz band if defined.

Conclusion
In this contribution, the SS raster in NR-U has been discussed. The followings are proposed.
Observation 1: Channel raster and SS raster are designed separately in NR, and extra signaling for frequency domain offset is defined for SSB and the overall resource block alignment in Rel-15.
Proposal 1: Both per 10MHz and 20MHz BW should be considered in similar rule for NR-U SS raster design.
Observation 2: It is necessary to do rate match anyway regardless of SSB placement in the middle or edge.
Proposal 2: SSB raster frequency points could be placed in the middle of per 10MHz or 20MHz with a fixed offset.
Proposal 3: Different sets of sync raster can be defined for 20MHz and 10MHz, respectively.
Proposal 4: The method for sync raster design of 5GHz band can be reused for that of 6GHz band if defined.
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