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1. Introduction

In last RAN4 meeting, NR sync raster shift has been discussed and the following working agreements have been made [1]:

· Large shift is used for the SS raster in re-farming bands in the range of 70 - 100 kHz.

· No RMSI signalling is defined for the shift.
· Detailed decision on the exact shift is made at RAN4#86bis. 
Note:  The large shift may impact on the GSCN values

Still, we have some issue about 70-100 kHz sync raster shift. In this document, we analyze the issue of 70-100 kHz sync raster shift and propose values of sync raster shift from the working agreements, considering following two issues:

· Whether the spacing between SS and channel frequency should be a multiple of Subcarrier spacing
· The relation of this sync raster shift to possible ambiguity between band n38 and n41 in SS Block location,
.
2. Discussion
2.1. Sync raster shift restriction rethinking
During last meetings, it has been proposed in [2][3] that offset between SS frequency and channel frequency should be multiple of subcarrier spacing, e.g in [2].
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).
The principle was also used in [3] to argue that +-5 shift is compatible for 30KHz for both SS and data SCS. Although this was not officially agreed, the principle was used to derive a list of raster shift that was deemed feasible:
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However, we think that this principle may be questionable. Take the typical case of 30KHz SS block and 30KHz data as an example, we think as long as the offset between SSB and data is a multiple of 15KHz it could be no problem. Take the following scenario of a 15KHz offset as an example:
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Figure 1. the subcarrier misalignment issue when {SSB SCS, PDSCH SCS} = {30, 30}kHz
In this case the PRB grid offset between SSB and PDSCH is odd multiple of 15KHz as shown in Figure 1. This is not satisfy the Principle 4 in [2] and deemed unfeasible in [4] since the SCS here is 30KHz. However, the odd value PRB grid offset is already supported by RAN1,
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for FR1, as specified in subclause 7.4.3 of 38.211. 

In addition, as specified in subclause 5.3 of 38.211 the OFDM baseband signal is generated per antenna port and per numerology configuration. In case of mixed numerology transmission of SSB and PDSCH simultaneously, which is already supported, the baseband signal of SSB and PDSCH is generated separately, and mixed in time domain samples. Therefore, for the case {SSB SCS, PDSCH SCS} = {30 kHz, 30 kHz} and the PRB grid offset is odd, the baseband signal of SSB and PDSCH can be generated separately at the transmitter, and processed separately at the receiver. Since the antenna port of SSB and PDSCH is different anyway, the baseband signal could be generated and received similar to the mixed numerology case.

Furthermore, from the deployment perspective, the sync raster in the middle of the sync raster cluster, where the absolute frequency is multiple of 100kHz, could be used to transmit the SSB with 30kHz subcarrier spacing to avoid subcarrier spacing misalignment issue when {SSB SCS, PDSCH SCS} = {30 kHz, 30 kHz}.
Proposal 1: Reconsider the restriction of spacing between SS frequency and channel frequency on whether a multiple of 15KHz is enough rather than a multiple of SSB SCS.
2.2. Ambiguity of SS Block locations in band n38&n41

For frequency range 2400-2700 MHz, there are two ways calculating GSCN. 
Table 1: GSCN parameters for the global frequency raster
	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] 

	2400-24250 MHz
	2400 MHz + N * 1.44 MHz

N = 0:15173
	[9000 + N]
	[9000 – 24173]


Table 2: NR operating bands in FR1

	NR operating band
	Uplink (UL) operating band
BS receive / UE transmit

FUL_low   –  FUL_high


	Downlink (DL) operating band
BS transmit / UE receive

FDL_low   –  FDL_high
	Duplex Mode

	n38
	2570 MHz – 2620 MHz
	2570 MHz – 2620 MHz
	TDD

	n41
	2496 MHz – 2690 MHz
	2496 MHz – 2690 MHz
	TDD


Table 3: Applicable SS raster entries per operating band

	NR Operating Band
	SS Block SCS
	SS Block pattern1
	Range of GSCN

(First – <Step size> – Last)

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

	n41
	15kHz
	Case A
	[9069 - <3> -  9198]


Band n38 and n41 are in the frequency range of 2400-2700 MHz and band n38 is entirely included in band n41. Band n38 supports 5MHz minimum channel bandwidth with 15kHz SS Block SCS and band n41 supports 10MHz minimum channel bandwidth with 15kHz SS Block SCS. Thus, band n38 uses 900kHz sync raster and 70-100kHz shift to calculate GSCN and band n41 uses 1.44MHz sync raster with no shift.

There are two ways calculating GSCN for the overlapping frequency between band n38 and n41, which means there are two different ways defining the location of SS Block. Based on the given SS raster shift value range, the minimum frequency offsets between two group of sync rasters on these two bands are shown in Table 4. 
Table 4: Minimum frequency offset between sync rasters on band n38 and band n41

	Band n38

[8572 - <1> -  8958]
	Band n41

[9069 - <3> -  9198]
	Minimum frequency offset between GSCN1 and GSCN2

	SS raster shift
	E.g.GSCN1
	SSref1(MHz)
	E.g.GSCN2
	SSref2(MHz)
	

	5kHz
	8691
	2607.305
	9144
	2607.36
	55kHz

	…

	70kHz
	8619
	2585.77
	9129
	2585.76
	10kHz

	80kHz
	8619
	2585.78
	9129
	2585.76
	20kHz

	85kHz
	8691
	2607.385
	9144
	2607.36
	25kHz

	95kHz
	8704
	2611.705
	9147
	2611.68
	25kHz

	100kHz
	8632
	2590.1
	9132
	2590.08
	20kHz

	…

	175kHz
	8704
	2611.625
	9147
	2611.68
	55kHz


It should be noted that the SS raster shift of 5/85kHz/95kHz/175kHz can only be feasible if proposal 1 is accepted.
In previous RAN4 meeting, there was a common understanding of 20ppm of initial frequency error, which is 54kHz at 2.7GHz. It can be seen that, based on current working agreement range 70-100kHz, there will always be a possibility that some locations of SS block in the overlapping frequency between band n38 and n41 are too close (less than 54kHz). Therefore, when UE performs initial cell search in the overlapping frequency between band n38 and n41, UE may not be able to decide which band the detected SS Block belongs to and fail to demodulate the SS Block with the wrong band assumption. Since this is the very early stage even before RMSI and SIB1 info, obtaining band number through higher-layer singling is not possible. So there could be longer delay for the initial access.
Observation: Some locations of SS block in the overlapping frequency between band n38 and n41 are very close (less than 54kHz) for UE to distinguish. UE may fail to demodulate the SS Block based on the wrong band assumption in these cases.
It is interesting to find that if the SS raster shift is set to 5/175kHz, the minimum frequency offset between two bands would be larger than the initial frequency error, then the band ambiguity issue will no longer exist. In addition, it is noted if previous Proposal 1 is accepted, then SS raster shift with value of 85/95 kHz is also slightly better than that of 70kHz which could be benficial for distinguishing the overlapped bands.

Proposal 2: If working agreement of 70-100KHz raster shift is kept, 85kHz or 95kHz could be preferred to alleviate the band confusion for GSCN detection. If the working agreement range is not kept, SS raster shift as 5/175kHz could be considered to achieve a better differentiation of GSCN for 2.6G overlapping band.
3. Conclusion

This contribution provides the analysis of issue of 70-100 kHz sync raster shift for 0-2700 MHz and analyze the values of SS raster shift. The following observations and proposals are made:
Proposal 1: Reconsider the restriction of spacing between SS frequency and channel frequency on whether a multiple of 15KHz is enough rather than a multiple of SSB SCS.
Observation: Some locations of SS block in the overlapping frequency between band n38 and n41 are very close (less than 54kHz) for UE to distinguish. UE may fail to demodulate the SS Block based on the wrong band assumption in these cases.
Proposal 2: If working agreement of 70-100KHz raster shift is kept, 85kHz or 95kHz could be preferred to alleviate the band confusion for GSCN detection. If the working agreement range is not kept, SS raster shift as 5/175kHz could be considered to achieve a better differentiation of GSCN for 2.6G overlapping band.
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