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1 Introduction
Sync raster calculation has been defined for the first version of NR RF technical specifications during the past RAN4 meetings. A global synchronization raster is defined for all frequencies. The frequency position of the SS block is defined as SSREF with corresponding number GSCN. 
Table 1 GSCN parameters for the global frequency raster  (From TS38.104 Table 5.4.3.1-1)
	Frequency range
	SS block frequency position SSREF
	GSCN
	Range of GSCN

	0 – 2700 MHz
	N * 900kHz + M * [5 kHz] 
N=1:3000, M=-1:1
	3N + M - 1
	1 – 8999

	2400 – 24250 MHz
	2400 MHz + N * 1.44 MHz 
N= 0:15173
	9000 + N
	9000 – 24173

	24250 – 100000 MHz
	24250.08 MHz + N * 17.28 MHz 
N= 0:4383
	24174+ N
	24174– 28557


For frequency range of 0-2700MHz, the sync raster entry has been discussed in the last RAN4 Adhoc#1801 [1-3]. Two WFs on sync raster calculations and SS raster shift have been agreed [4-5]. Also, as a response to LS on channel raster and SS raster, RAN1 has discussed the channel raster and SS raster and made the following agreements [6]. 

· The value of M (as in 38.101) for sync raster definition (i.e., 0, ±1) for FR1 is informed to UE 

· Up to RAN4 to decide the set of offset values for FR1

· As a working assumption, the indication is in RMSI

· If the minimum distance between adjacent sync raster points is large enough (w.r.t the initial frequency offset tolerance), the indication is no longer necessary

In [4], companies are encouraged to study and compare the “pros” and “cons” of the following solutions:
· +/- 5kHz or +/- 10kHz shift with RMSI signaling
· Wider frequency shift with 3 sequential raster scans at each 900kHz step and no RMSI signaling
· Feasibility of possible frequency shift which allows single raster scan at each 900kHz step and no RMSI signaling
In this contribution, we compare the SS raster shift solutions and provide our considerations on NR sync raster calculations on Frequency range 0-2700MHz.
2 Discussion
For frequency range of 0-2700MHz, the sync raster entry with 900kHz as the repetition cycle is chosen as the maximum gap which can be used for a 5 MHz channel bandwidth with 15 kHz SCS. The current SS raster offset (5kHz is selected to align with the 100kHz raster and a 15kHz subcarrier grid. However, as pointed out in [1], for some bands with a 10MHz channel bandwidth when using 30 kHz SCS, the SS raster offset (5kHz does not always satisfy both 15 kHz SCS and 30kHz SCS. Furthermore, some concerns were raised during the last RAN4 meeting that the (5kHz or (10kHz shift could not be differentiated from other potential frequency shift sources during UE initial cell search, such as reference clock inaccuracy or Doppler shift. Thus, in addition to the proposed (5kHz or (10kHz shift, some more feasible frequency offset values below 300kHz are provided as in table 2 [4].

Table 2  SS raster offset (kHz)

	20
	110
	200

	40
	130
	220

	50
	140
	230

	70
	160
	250

	80
	170
	260

	100
	190
	280


Based on [4], 3 solutions are proposed as below:
· Solution-1:  +/- 5kHz or +/- 10kHz shift with RMSI signaling

· Solution-2:  Wider frequency shift with 3 sequential raster scans at each 900kHz step and no RMSI signaling

· Solution-3:  Feasibility of possible frequency shift which allows single raster scan at each 900kHz step and no RMSI signaling
In order to mitigate the ambiguity of frequency shifts among the SS raster entries, Solution-1 is to introduce an additional indicator to inform UE the M value in RMSI signaling. However, it seems there is no necessary for the solution if UE can differentiate the three consecutive SS raster entries when a larger SS raster offset other than (5kHz or (10kHz is selected. Furthermore, the additional indicator in RMSI will lead to unnecessary signalling overhead and extra decoding time for initial cell search. One argument which may support the RMSI signalling solution is that only one time search is needed for three SSB candidates. However, from the view of UE implementation, the cell selection process allows the UE to select a suitable cell where to camp on in order to access available services. In this process the UE can use stored information such as cell frequency information or not (initial cell selection) for camping and accordingly acquires the MIB and SIB of cells that are broadcasted by the base station available within the cell reach. Thus, one time search with 1/3 complexity reduced is only valid for initial cell searching. For other cases when UE is not the first time to access the network using stored information during the previous access, the 1/3 searching time cost will be the same as Solution-2.
With regard to the wider SS raster offset Solution-2, from the view of UE implementation, although the frequency error of crystal oscillator before the calibration process will reach tens of ppm and an additional frequency tolerance of several ppm , may be required over the operating temperature, the feasible frequency error of LO after calibration process will be bound to below 10ppm at UE initial cell search stage, i.e. 27kKhz corresponding to the SS raster offset of (40kHz at 2.7GHz carrier. However, since there was already an agreement of 20ppm of local frequency error in the previous RAN4 meeting, a frequency shift of (54kHz could be chosen at 2.7GHz carrier. Thus the SS raster offset of 70kHz or above could be feasible for the frequency range of 0-2700MHz. However, as to the SS raster offset above 70kHz, it should be noted that different offset may impact the range of GSCN values for some bands as shown in table 3. In addition to the initial frequency error of LO, some other aspects such as the doppler frequency shift were also mentioned. Take UE with 360km/h at 3GHz as an example, the doppler frequency shift 
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 could be reached at 1kHz, which is less influence on UE initial access compared to SS raster offset.
Table 3  Entry number of each band per SS raster shift
	        SS Shift
SS
Band    SCS
	70
kHz
	80
kHz
	100
kHz
	110
kHz
	130
kHz
	140
kHz
	160
kHz
	170
kHz
	190
kHz
	200
kHz
	220
kHz
	230
kHz
	250
kHz
	260
kHz
	280
kHz

	n1
	15kHz
	186
	186
	186
	186
	189
	189
	189
	189
	189
	189
	189
	189
	189
	189
	189

	n2
	15kHz
	186
	186
	186
	186
	189
	189
	189
	189
	189
	189
	189
	189
	189
	189
	189

	n3
	15kHz
	237
	237
	237
	237
	237
	237
	237
	237
	237
	237
	237
	237
	237
	237
	237

	n5
	15kHz
	72
	72
	72
	72
	72
	72
	72
	72
	72
	72
	72
	72
	72
	72
	72

	
	30kHz
	54
	54
	54
	54
	54
	54
	54
	54
	54
	54
	54
	54
	54
	54
	57

	n7
	15kHz
	219
	219
	219
	219
	219
	219
	219
	219
	219
	219
	219
	219
	219
	219
	219

	n8
	15kHz
	105
	105
	105
	105
	105
	105
	105
	105
	105
	105
	105
	105
	105
	105
	105

	n20
	15kHz
	87
	87
	87
	87
	87
	87
	90
	90
	90
	90
	90
	90
	90
	90
	90

	n28
	15kHz
	138
	138
	138
	138
	138
	138
	138
	138
	138
	138
	138
	138
	138
	138
	138

	n38
	15kHz
	387
	387
	387
	387
	387
	387
	387
	387
	387
	387
	387
	387
	387
	387
	387

	n41
	15kHz
	131
	131
	131
	131
	131
	131
	131
	131
	131
	131
	131
	131
	131
	131
	131

	
	30kHz
	129
	129
	129
	129
	129
	129
	129
	129
	129
	129
	129
	129
	129
	129
	129

	n50
	15kHz
	270
	270
	270
	270
	270
	270
	270
	270
	270
	270
	270
	270
	270
	270
	270

	n51
	15kHz
	3
	3
	3
	3
	6
	6
	6
	6
	6
	6
	6
	6
	6
	6
	6

	n66
	15kHz
	288
	288
	288
	288
	288
	288
	288
	288
	288
	288
	288
	288
	288
	288
	288

	
	30kHz
	270
	270
	270
	270
	270
	270
	270
	273
	273
	273
	273
	273
	273
	273
	276

	n70
	15kHz
	72
	72
	72
	72
	72
	72
	72
	72
	72
	72
	72
	72
	72
	72
	72

	n71
	15kHz
	105
	105
	105
	105
	105
	105
	105
	105
	105
	105
	105
	105
	105
	105
	105

	n74
	15kHz
	129
	129
	129
	129
	129
	129
	132
	132
	132
	132
	132
	132
	132
	132
	132


From table 3, we can see that SS raster shifts with 70kHz, 80kHz, 100kHz and 110kHz have the same minimum entries for each operating bands at 0-2700MHz. Taking into consideration that 100kHz also be the channel raster and wider shift gap is benefit to UE implementation, we tend to use 100kHz as the SS raster shift value.
For Solution-3, although no extra RMSI signaling is needed, there is still a challenge to find a single raster shift at each 900kHz which conforms the alignment for different channel bandwidth between the 100kHz raster and different subcarrier grids. 
To conclude the above 3 solutions on SS raster shift, table 4 summarizes the “pros” and “cons” of the solutions.
Table 4  Comparison of SS raster offset solutions
	
	Solution-1

(Narrow Shift with RMSI)
	Solution-2
(Wider Shift without RMSI)
	Solution-3
(New Possible Shift without RMSI)

	Initial cell search time
	1
	3
	1

	Using pre-stored info access
	1
	1
	1

	Signalling overhead
	Yes
	No
	No

	Extra decode on M value
	Yes
	No
	No


Observation 1    For Solution-1, one time search for SSB with 1/3 complexity reduced is only valid for initial cell searching. However, it will lead to unnecessary signalling overhead and extra decoding for UE. Solution-2 has the same 1/3 searching time as Solution-1 if UE using the pre-stored access information.
Observation 2    The frequency error of LO after calibration process is much less than the value of before. The process of LO calibration can reduce the ambiguity among the 3 sequential raster.
Observation 3    The Doppler frequency shift has less influence on SS raster offset.
Proposal 1   The wider SS raster offset of 70kHz or above could be selected for the frequency range of 0-2700MHz. To minimize the entries of SS raster, the SS raster offset of 100kHz could be the choice.
With the SS raster offset of +/- 70kHz, the applicable SS raster entries per operating bands can be calculated as shown in table 5.
Table 5  Applicable SS raster entries per operating band (FR1)
	Frequency range
	SS block frequency position SSREF
	GSCN
	Range of GSCN

	0 – 2700 MHz
	N * 900kHz + M * 100 kHz 
N=1:3000, M=-1:1
	3N + M - 1
	1 – 8999


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

	n1
	15 kHz
	Case A
	7039 – <1> – 7224

	n2
	15 kHz
	Case A
	6439 – <1> – 6624

	n3
	15 kHz
	Case A
	6022 – <1> – 6258

	n5
	15 kHz
	Case A
	2902 – <1> – 2973

	
	30 kHz
	Case B
	2911 – <1> – 2964

	n7
	15 kHz
	Case A
	[8740 – <1> – 8958]

	n8
	15 kHz
	Case A
	3088 – <1> – 3192

	n20
	15 kHz
	Case A
	2644 – <1> – 2730

	n28
	15 kHz
	Case A
	2533 – <1> – 2670

	n38
	15 kHz
	Case A
	[8572 – <1> – 8958]

	n41
	15 kHz
	Case A
	[9069] – <TBD> – [9199]

	
	30 kHz
	Case C
	9070 – <1> – 9198

	n50
	15 kHz
	Case A
	4780 – <1> – 5049

	n51
	15 kHz
	Case A
	4762 – <1> – 4764

	n66
	15 kHz
	Case A
	7039 – <1> – [7326]

	
	30 kHz
	Case B
	7048  – <1> – [7317]

	n70
	15 kHz
	Case A
	6655 – <1> – [6726]

	n71
	15 kHz
	Case A
	2062 – <1> – 2166

	n74
	15 kHz
	Case A
	4924 – <1> – 5052

	n75
	15 kHz
	Case A
	[4780 – <1> – 5049]

	n76
	15 kHz
	Case A
	[4762 – <1> – 4764]

	n77
	30 kHz
	Case C
	  9628 – <1> – 10247

	n78
	30 kHz
	Case C
	9628 – <1> – 9969

	n79
	30 kHz
	Case C
	[10393] – <TBD> – [10802]

	NOTE 1:
SS Block pattern is defined in section 4.1 in [TS 38.213].


Based on the above discussion, we notice that both Solution-1 and Solution-2 can work and there are no obvious advantages and disadvantages with these two solutions. Furthermore, a combination of two solutions can be applied as Solution-4 for the calculation of sync raster entry in frequency range 0-2700MHz.

· Solution-4: Wider frequency shift of 70kHz or above with 3 sequential raster at each 900kHz step and with RMSI signaling.
In the process of initial access, UE differentiates the 3 sequential raster at each 900kHz whether with wider frequency shift or with the assist of RMSI signaling will depend on UE implementation. When using RMSI signaling, an additional indicator to inform UE which M value to be selected is introduced. With Solution-4, since UE can identify SS raster entries either directly without RMSI signaling or explicitly indicating M value by RMSI, it will improve the reliability of UE initial access. However, the redundant design of SSB processing will make UE complicate and seems no necessary.
Proposal 2   Two options for NR sync raster shift are suggested for the frequency range of 0-2700Mhz.

· (Option 2a)  Solution-2 without the support of RMSI.

· (Option 2b)  Solution-4. Wider frequency shift of 70kHz or above, such as 100kHz with 3 sequential raster at each 900kHz step and with RMSI signalling. Whether UE differentiates the 3 sequential raster with or without RMSI signalling will depend on its implementation.
With the above two options, option 2a is preferred.
3 Conclusion

In this paper, the comparison of several SS raster shift solutions has been provided for the frequency range of 0-2700MHz.. Based on the discussion, we have the following observations and proposals.
Observation 1    For Solution-1, one time search for SSB with 1/3 complexity reduced is only valid for initial cell searching. However, it will lead to unnecessary signalling overhead and extra decoding for UE. Solution-2 has the same 1/3 searching time as Solution-1 if UE using the pre-stored access information.
Observation 2    The frequency error of LO after calibration process is much less than the value of before. The process of LO calibration can reduce the ambiguity among the 3 sequential raster.
Observation 3    The Doppler frequency shift has less influence on SS raster offset.
Proposal 1   The wider SS raster offset of 70kHz or above could be selected for the frequency range of 0-2700MHz. To minimize the entries of SS raster, the SS raster offset of 100kHz could be the choice.
Proposal 2   Two options for NR sync raster shift are suggested for the frequency range of 0-2700Mhz.

· (Option 2a)  Solution-2 without the support of RMSI.

· (Option 2b)  Solution-4. Wider frequency shift of 70kHz or above, such as 100kHz with 3 sequential raster at each 900kHz step and with RMSI signalling. Whether UE differentiates the 3 sequential raster with or without RMSI signalling will depend on its implementation.

With the above two options, option 2a is preferred.
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