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1 Introduction
The synchronization raster indicates the frequency positions of the synchronization block that can be used by the UE for system acquisition when explicit signalling of the synchronization block position is not present. The calculation of sync raster has been discussed for several RAN4 meetings. For frequency range of 0-2700MHz, two main proposals are distinguished for SS raster shift during the last RAN4 meeting. One is the small shift (5 or 10 kHz) with RMSI signaling, and the other is large shift (70-100 kHz) without RMSI signalling (number of raster scans implementation dependent). After discussion during the meeting, the working assumption is agreed that SS raster is revised according to the option of larger shift without signalling. The way forward is agreed as follow.
· Large shift is used for the SS raster in re-farming bands in the range of 70 – 100 kHz.
· No RMSI signaling is defined for the shift.
· Companies are encouraged to study and contribute on the details of the large raster shift.
· Detailed decision on the exact shift is made at RAN4#86bis. 
In this paper, we will further discuss the related issues of SS raster shift selection for frequency range of 0-2700MHz.
2 Discussion
A global synchronization raster is defined for all frequencies in NR. The frequency position of the SS block is defined as SSREF with corresponding number GSCN. According to the working assumption agreed in [1], the parameters defining the SSREF and GSCN for the frequency range 0-2700MHz are shown in Table 1.
Table 1: GSCN parameters for frequency range 0-2700MHz
	Frequency range
	SS Block frequency position SSREF
	GSCN
	Range of GSCN

	0 – 2700 MHz
	N * 900 kHz + M * [TBD 70 - 100kHz] 

N = 1:3000, M=-1:1
	3N + M - 1
	1 – [8999] 


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 SS raster offset is originally selected to align with the 100kHz raster and a 15kHz subcarrier grid. However, as pointed out in the previous RAN4 meeting, for some bands with a 10MHz channel bandwidth when using 30 kHz SCS, the SS raster offset should be selected from the value listed in Table 2 which can satisfy both 15 kHz SCS and 30kHz SCS.
Table 2  SS raster offset (kHz)

	20
	110
	200

	40
	130
	220

	50
	140
	230

	70
	160
	250

	80
	170
	260

	100
	190
	280


With regards to the working assumption in [1], the SS raster offset [TBD 70 - 100kHz] for frequency range of 0-2700MHz can be only selected from the following three values {70kHz, 80kHz, 100kHz}.
Observation 1   In order to satisfy the agreed working assumption on NR sync raster, the SS raster offset for frequency range of 0-2700MHz can be only selected from one of the values in {70kHz, 80kHz, 100kHz}. 
The selection of SS raster offset should take the following factors into considerations [3]. 
Firstly, from the view of UE implementation, the frequency offset should be wide enough for UE to differentiate from other frequency shift candidates. The frequency error of crystal oscillator before the calibration process will reach more than 10 ppm and an additional frequency tolerance of several ppm may be required over the operating temperature. Considering the upper bound of this frequency range is 2700MHz, a frequency shift of (54kHz is reasonable. Thus, values in {70kHz, 80kHz, 100kHz} can all satisfy the requirements from UE implementation perspective. A relative higher frequency shift of 100kHz may loosen the UE requirements for UE to differentiate the SS entries.
Secondly, impacts from doppler frequency shift should also be considered. 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. There is no big difference among SS raster offsets of {70kHz, 80kHz, 100kHz} when considering doppler frequency shift.
Finally, if we calculate the entry number of each band per SS raster shift of {70kHz, 80kHz, 100kHz}, we will find that there are same minimum entries for each operating band except for less entry number of SS shift with 80kHz and 100kHz on Band n5 than SS shift with 70kHz. In general, there is also no big difference among the three SS raster offsets.
Table 3  Entry number of each band per SS raster shift
	                 SS Shift

Band              SCS SS
	70
kHz
	80
kHz
	100
kHz

	n1
	15kHz
	186
	186
	186

	n2
	15kHz
	186
	186
	186

	n3
	15kHz
	237
	237
	237

	n5
	15kHz
	72
	71
	71

	
	30kHz
	54
	54
	54

	n7
	15kHz
	219
	219
	219

	n8
	15kHz
	103
	103
	103

	n20
	15kHz
	85
	85
	85

	n28
	15kHz
	136
	136
	136

	n38
	15kHz
	153
	153
	153

	n41
	15kHz
	131
	131
	131

	
	30kHz
	129
	129
	129

	n50
	15kHz
	270
	270
	270

	n51
	15kHz
	3
	3
	3

	n66
	15kHz
	288
	288
	288

	
	30kHz
	270
	270
	270

	n70
	15kHz
	71
	71
	71

	n71
	15kHz
	105
	105
	105

	n74
	15kHz
	129
	129
	129

	n75
	15kHz
	270
	270
	270

	n76
	15kHz
	3
	3
	3


Taking into account that 100kHz also be the channel raster for most cases in frequency range of 0-2700MHz, although no big difference among the SS raster shifts of {70kHz, 80kHz, 100kHz}, we slightly prefer choose 100kHz as the SS raster shift for 0-2700MHz due to the possible implementation sharing in frequency synthesis with channel raster.
Proposal 1   Regarding to the three SS raster shifts of {70kHz, 80kHz, 100kHz}, there is no big difference among the values. We slightly prefer choose 100kHz as the SS raster shift for the frequency range of 0-2700MHz.
Based on the above discussion, we suggest to adopt the following SS raster entries per operating band for FR1 shown as in Table 4.
Table 4  Applicable SS raster entries per operating band (FR1)

	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> – 2972

	
	30 kHz
	Case B
	2911 – <1> – 2964

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

	n8
	15 kHz
	Case A
	3090 – <1> – 3192

	n20
	15 kHz
	Case A
	2644 – <1> – 2728

	n28
	15 kHz
	Case A
	2533 – <1> – 2668

	n38
	15 kHz
	Case A
	8572 – <1> – 8724

	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
	6656 – <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 subclause 4.1 in [TS 38.213].


3 Conclusion

In this paper, SS raster shift of 70-100kHz for frequency range 0-2700MHz has been discussed. Based on the discussion, we have the following observation and proposal.
Observation 1   In order to satisfy the agreed working assumption on NR sync raster, the SS raster offset for frequency range of 0-2700MHz can be only selected from one of the values in {70kHz, 80kHz, 100kHz}. 

Proposal 1   Regarding to the three SS raster shifts of {70kHz, 80kHz, 100kHz}, there is no big difference among the values. We slightly prefer choose 100kHz as the SS raster shift for the frequency range of 0-2700MHz.

With the above proposal, applicable SS raster entries per operating band (FR1) are suggested as in Table 4.
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