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1 Introduction
A global synchronization raster is defined for all frequencies in NR [1]. The frequency position of the SS block is defined as SSref with corresponding number GSCN. The parameters defining the SSref and GSCN for all the frequency ranges are in Table 5.4.3.1-1.
Table 5.4.3.1-1: GSCN parameters for the global frequency raster
	Frequency range
	SS_Block frequency position
	Range of SSREF

	0 – 2650 MHz
	N*900kHz+ M*5kHz, N=1:[2944], M=-1:1
	1 – [8832] 

	2400-24250 MHz
	2400MHz+N*1.44MHz,N= 0:[15173]
	[8833-24006]


The synchronization raster for each band is give in Table 5.4.3.3-1. The distance between applicable GSCN entries is given by the <Step size> indicated in Table 5.4.3.3-1.
Table 5.4.3.3-1: Applicable SS raster entries per operating band

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

	n1
	15kHz
	7033 - <1> -  7224

	n2
	15kHz
	6433 - <1> -  6624

	n3
	15kHz
	6016 - <1> -  6258

	n5
	15kHz
	2896 - <1> -  2973

	
	30kHz
	2911 - <1> -  2961

	n7
	15kHz
	8734 - <1> -  8958

	n8
	15kHz
	3082 - <1> -  3192

	n20
	15kHz
	2635 - <1> -  2730

	n28
	15kHz
	2527 - <1> -  2670

	n38
	15kHz
	8566 - <1> -  8724

	n41
	15kHz
	8899 - <1> -  9030

	n50
	15kHz
	4774 - <1> -  5049

	n51
	15kHz
	4756 - <1> -  4764

	n66
	15kHz
	7033 - <1> -  7326

	
	30kHz
	7048 - <1> -  7317

	n70
	15kHz
	6649 - <1> -  6726

	n71
	15kHz
	2056 - <1> -  2166

	n74
	15kHz
	4915 - <1> -  5052

	n75
	15kHz
	4774 - <1> -  5049

	n76
	15kHz
	4756 - <1> -  4764

	n77
	30kHz
	9460 - <1> -  10079

	n78
	30kHz
	9460 - <1> -  9801

	n79
	30kHz
	10245 - <1> -  10613


In this contribution, we further discuss the issues in current specification and propose the corresponding solutions to these issues.
2 Discussion

2.1 Frequency range for SS raster

FR1 is divided into two frequency ranges according to the SS raster: 0-2650 MHz with 900kHz SS raster and 2400-24250 MHz with 1.44MHz SS raster.

If we look at Band n7 with downlink frequency range 2620-2690 MHz, it seems it should belong to 2400-24250MHz frequency range. However, if we calculate the SS raster based on the minimum channel bandwidth and SS SCS, it should belong to 0-2650 MHz with 900kHz SS raster (line 3 in Table 1).

Table 1
SS raster and step size
	Minimum Channel bandwidth (MHz)
	SS block SCS for initial cell search (kHz)
	TBWC (MHz)
	Channel raster (kHz)
	Maximum SS raster (MHz)
	SS raster (MHz)
	Step size
	Applicable Bands

	5
	15
	4.5
	100
	1
	0.9
	1
	n1, n3, n5, n8, n20, n28, n66, n70, n71, n80

	5
	15
	4.5
	15
	0.915
	0.9
	1
	n38, n7

	10
	15
	9.36
	15
	5.775
	1.44
	4
	n41

	10
	30
	8.64
	15
	1.455
	0.9
	1
	n5, n66

	10
	30
	8.64
	15
	1.455
	1.44
	1
	n77, n78

	40
	30
	38.16
	30
	30.99
	1.44
	21
	n79

	50
	120
	46.08
	60
	17.34
	17.28
	1
	>n256


Thus, the frequency range of 0-2650 MHz should be extended to at least 2690 MHz to include Band n7.

Proposal 1: The frequency range of 0-2650 MHz should be extended to at least 2690 MHz to include Band n7.
2.2 SS raster step size

As calculated in Table 1, for some bands, the step size for some bands can be larger than 1, e.g. for Band n41, the maximum step size can be 4 and for Band n79, the maximum step size can be 21. Larger step size can reduce the time and cost in initial cell search so maximum step size for these two bands are proposed. This point was actually brought up and agreed upon in the discussion in Reno.
Proposal 2: For Band n41, the step size is proposed to be 4 and for Band n79, the step size is proposed to be 21.
2.3 Repetition of SS raster
Considering the repetition granularity of the SS raster in frequency range 0-2650MHz, there are some problems for 5kHz in current specification:

· First, 5kHz cannot comply with the following principle for 30kHz SS and 30kHz data [2] and will make SS and data non-orthogonal. 10kHz, 20kHz, 40kHz, 50kHz are all feasible values, Table 2 provides an example of 10kHz.
Principle 4: The spacing between SS frequency and channel frequency should be multiple of subcarrier spacing to realize orthogonality in one channel (|Fs-Fc|=SCS*n).
· Second, the three sync signal candidates with only 5kHz offset between each other cannot be differentiated by an initial cell search UE because it has larger local frequency error (20ppm based on previous agreement in RAN4, or 40kHz for 2GHz carrier frequency) before synchronized with BS. Larger than 50kHz is feasible.

Table 2
SS raster repetition
	Sync offset for repetition
	10kHz

	Channel frequency (kHz)
	Sync raster(kHz)
	Sync frequency(kHz)

	0
	900
	900

	100
	900
	910

	200
	900
	890

	300
	900
	900

	400
	900
	910

	500
	900
	890

	600
	900
	900

	700
	900
	910

	800
	900
	890

	900
	900
	900


There are two solutions for these issues:

Solution 1: Change the repetition granularity of the SS raster to 10kHz and ask RAN1 to differentiate the three SSBs through PBCH, similar as the solution in NB-IoT. Only one time search is needed on these three SSB candidates and initial cell search complexity can be reduced to 1/3.

Solution 2: Change the repetition granularity of the SS raster to 50kHz and search three times for the three SSB candidates.

Solution 1 is more preferred because it can reduce the time and cost of the initial cell search.

Proposal 3: Change the repetition granularity of the SS raster to 10kHz and ask RAN1 to differentiate the three SSBs through PBCH.
2.4 SSB pattern
Proposal on SSB pattern is agreed in last RAN4 meeting [3] but has not captured in the specification. 
Proposal: In TS38.101-1, define Case C as the default SS/PBCH block mapping pattern for the bands with 30KHz as the default SCS, and list the exception bands for which Case B is the default.
Proposal 4: SSB pattern agreement should be captured in TS 38.101.

3 Conclusion
This contribution discusses some further issues on synchronization raster and makes some proposals:

Proposal 1: The frequency range of 0-2650 MHz should be extended to at least 2690 MHz to include Band n7.
Proposal 2: For Band n41, the step size is proposed to be 4 and for Band n79, the step size is proposed to be 21.
Proposal 3: Change the repetition granularity of the SS raster to 10kHz and ask RAN1 to differentiate the three SSBs through PBCH.
Proposal 4: SSB pattern agreement should be captured in TS 38.101.
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