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Introduction
As agreed in [1] the channel raster agreement are summarized as below
· Below 2.4GHz band: 100KHz
· Above 2.6GHz band: SCS based(15KHz)
· MMW band: SCS based (60KHz)
· TBD on Band: n7, n38 and n41
Regarding the use case of channel raster in NR phase our current understanding is that channel raster is at least used as the minimum granularity of shift/offset to the lower edge of specific NR bands that operator can allocate to their own spectrum (system bandwidth). However, whether to define and how to define ARFCN according channel raster still needs further study.
With above agreement and common understanding of channel raster companies provide proposal on sync raster based on below agreement in [1]
· Sync raster will be defined such that there is a minimum number of entries for each band
· Sync raster entries will be included in the specifications for each band
· Sync raster entries will be defined for initial system acquisition, sync blocks can be transmitted in other frequency locations if the position is signaled to the UE
Besides that, floating sync mechanism is introduced to resolve the problem of multiple sync entries due to ensure PRB alignment between SSB and data. However, it should be clarified that it could not save number of sync entries if too fine sync raster (compared with 100 kHz) is assumed. In the other word, this approach would reduce the number of sync entries only for the case with sparse sync raster. 
With above agreement, the rationale to deduce sync raster is shown roughly as below:
· First SSB in one band(offset to the lower edge): [TMBW of minimum bandwidth]-[PBCH bandwidth]+ [guard band of minimum channel bandwidth]
· Sync raster for following SSB: [TMBW of minimum bandwidth]-[PBCH bandwidth]+ [channel raster]
It should be noted that the sync raster derived by this approach would be the maximum one based on agreed SU of minimum channel bandwidth, PBCH size and channel raster. This would be the maximum value mathematically and theoretically. Hence smaller raster would be still valid if it is selected on integer multiple of channel raster and RE size.
Based on above agreement and assumption, further discussion on sync entry number is provided in this contribution. However, it should be clarified that UE complexity in initial cell search is only one aspect should be taken into account in RAN4 design.
Discussion
According to agreed TP in [4] the potential sync raster and sync entries# are summarized in table 1 and table2 for FR1 and FR 2 respectively. Since sync entries only apply for initial cell search, no SDL and SUL bands are listed. 
In table 1, for band n2, n38, n50, and n51, 5MHz is taken as minimum channel bandwidth and 15 KHz is taken as default SSB SCS for calculation.
As pointed in previous meeting, for below 2.4GHz re-farming band the sync raster would be equal to channel raster of 100 kHz. Consequently the sync entries# in NR would be equal to or smaller than the sync entries# in LTE for the same frequency range as shown in table 1. Especially, for NR band n5 and n66 the sync raster is fine enough as 100 kHz, hence there is no problem to support both default SS SCSs with the same sync entries. No redundant sync entries would be needed to support 2 default SSB SCS. 
One additional issue deserved to be considered is that in initial SSB search without any prestored information especially for bands in the same frequency range what would be the assumption for the UE supports both RAT of NR and LTE to carry out the procedure of initial cell search. 
For NR band in the frequency range 2.496-2.69GHz such as n7, n38 and n41, it is also proposed to take 100 KHz as channel raster and sync raster to avoid too many sync entries due to 15 kHz channel raster. There is also candidate solution to utilize round 100KHz sync raster with slight offset of +/-5KHz to keep the sync raster can be restricted as integer multiple of RE size. However, this would bring in additional impact on asymmetrical guard band, whether this additional offset could be beard on top of impact due to SCS based raster needs to be considered.  
For NR band n77 and n78, if following the SCS based channel raster and sync raster, the sync entries# would be up to five digit number. Even if utilizing the round 100 kHz approach the sync entries number would be still more than 5000. 
Observation 1: sync entries# for FR1 re-farming band is equal to or smaller than sync entries# in corresponding LTE band with 100 kHz channel raster and sync raster.
Observation 2: For NR band of n77 and n78 the sync entries# would be a main burden in UE initial cell search. 
Proposal 1: for below 6GHz re-farming band including NR band n7, n38 and n41, 100 KHz channel raster and sync raster should be applied. 

Table 1:  NR bands in FR1.
	Band number
	DL
	Minimum channel BW(MHz)/default SCS(s)(KHz)
	Channel raster
	Sync raster
	Roughly Sync entries# in NR
	Sync entries # in LTE

	n1
	2110 – 2170 MHz
	5/15
	100kHz
	100kHz
	550
	550

	n2
	1930 – 1990 MHz
	[5/15]
	100kHz
	100kHz
	550
	586

	n3
	1805 – 1880 MHz
	5/15
	100kHz
	100kHz
	700
	736

	n5
	869 – 894MHz
	10/30
5/15
	100kHz
	100kHz
	200
	236

	n7
	2620 – 2690 MHz
	5/15
	100kHz
	100kHz
	650
	650

	n8
	925 – 960 MHz
	5/15
	100kHz
	100kHz
	300
	336

	n20
	791– 821MHz
	5/15
	100kHz
	100kHz
	250
	250

	n28
	758 – 803 MHz
	5/15
	100kHz
	100kHz
	400
	420

	n38
	2570 – 2620 MHz
	[5/15]
	100kHz
	100kHz
	450
	450

	n41
	2496 – 2690 MHz
	10/30
10/15
	100KHz
	100kHz
	1840
	1840

	
	
	
	15KHz
	15KHz
	12267
	

	
	
	
	
	100KHz+/-5kHz
	1840
	

	n50
	1432 – 1517 MHz
	[5/15]
	100KHz
	100KHz
	800
	836

	n51
	1427 – 1432 MHz
	[5/15]
	100KHz
	100KHz
	1
	36

	n66
	2110 – 2200 MHz
	5/15
10/30
	100KHz
	100KHz
	850
	886

	n70
	1995– 2020 MHz
	5/15
	100KHz
	100KHz
	200
	200

	n71
	617 – 652 MHz
	5/15
	100KHz
	100KHz
	300
	300

	n74
	1475 – 1518 MHz
	5/15
	100KHz
	100KHz
	380
	416

	n77
	3.3 – 4.2 GHz
	10/15
10/30
	15KHz
	15KHz
	60000
	NA

	
	
	
	
	100KHz+/-5kHz
	8000
	

	n78
	3.3 – 3.8 GHz
	10/15
10/30
	15KHz
	15KHz
	32666
	NA

	
	
	
	
	100KHz+/-5kHz
	5000
	

	n79
	4.4 – 5.0 GHz
	40/30
	15KHz
	29.52MHz
	20
	NA



Table 2: New NR bands in FR2.
	Band number
	DL
	Minimum channel BW(MHz)/default SCS(KHz)
	Channel raster
	Sync raster
	Sync entries#

	n257
	26.5 –29.5 GHz
	50/120
100/240
	60KHz
	11.58MHz
	255

	n258
	24.25 – 27.5 GHz
	50/120
100/240
	60KHz
	11.58MHz
	276

	n259
	31.8 – 33.4 GHz
	50/120
100/240
	60KHz
	11.58MHz
	134

	n260
	37–40 GHz
	50/120
100/240
	60KHz
	11.58MHz
	255


As shown in table 2 for RF2 the sync entries# is in a manageable range. The parameters shown in table are just for example. To allow two default SS SCSs, it is still possible to fix the sync entries with the finer sync raster between 50MHz/120K and 100MH/240KHz with well selected location of the first sync entry and corresponding sync raster. 
Observation 3: the sync entries number of FR2 is not expected to bring burden for UE implementation.
Based on above summary, the main barrier to facilitate UE complexity in initial cell search is the sync entries# in NR band n77 and n78. To resolve this problem we have solutions on the table as below:

Solution 1: Revising minimum CHBW for band n77 and n78, starting as 15MHz or above
The corresponding SS entries# with 30 kHz SSB SCS and 15MHz minimum channel bandwidth of n78 would be 96 instead of more than 30000 with the same channel raster of 15 kHz. 
But this solution is pending on spectrum holding reality in different regions for band n78 and n77. It should be clarified by operator whether this approach is feasible. 
Solution 2: Introducing multiple SSB SCSs based on available CHBW for band n77 and n78
Then corresponding SS entries for n78 initial access as example would be:
· [bookmark: _GoBack]sync entries# with 15 kHz SSB SCS for 10MHz CHBW: 98
· sync entries# with 30 kHz SSB SCS for 15MHz CHBW: 96  (applicable for Cells with 15MHz or above CHBW)
· Total sync entry#: 194
For LTE, number of SS entries is much higher than this number i.e. for LTE band 42 with 100 kHz SS raster, the number of SS entries is 1950. 
It should be clarified that solution 2 there is limitation on 10MHz CHBW deployment with 15KHz SSB SCS, but for operating cells with over than 10MHz CHBW, 30 kHz still can be deployed.  As illustrated in figure below, if one operator has multiple non-contiguous spectrum in band n78, cell1 with 10MHz, and cell 2 with 20MHz, operator still can deploy 30kHz SCS for CC2.  Furthermore if the cell 1 with 10MHz is NSA carrier, 30 kHz SSB SCS is still feasible to be applied in this carrier, since this SSB is not intended to be detected in initial cell search.


 
Other solution such as redesign PBCH size, increase the SU of minimum channel bandwidth or increase the channel raster is not expected as feasible solution considering the tighten timeline and workload for NR WI .
Conclusion
 In this contribution we further analyze the sync raster as have observation and proposals.
Observation 1: sync entries# for FR1 re-farming band is equal to or smaller than sync entries# in corresponding LTE band.
Proposal 1: for NR band n7, n38, n41 it is proposed to reuse the 100 kHz channel raster to avoid initial cell search complexity and impact on SU.  
Proposal 2: for below 6GHz re-farming band, 100 kHz channel raster and sync raster should be applied. 
Observation 2: For NR band of n77 and n78 the sync entries would be a main burden in UE initial cell search. 
Observation 3: the sync entries number of FR2 is not expected to bring burden for UE implementation.
To facilitate the UE complexity on band n77 and n78, we provide below two solutions for group consideration. Either one would decrease the sync entries# significantly.
Solution 1: Revising minimum CHBW for band n77 and n78, starting as 15MHz or above
Solution 2: Introducing multiple SSB SCSs based on available CHBW for band n77 and n78 
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