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1 Background 
Channel and sync raster were first agreed at RAN4#85 in Reno and further updates were made at RAN4 AH-1801 in San Diego. Two open issue still remaining for the synchronization raster are

1. The frequency shift of the multiple rasters in the LTE re-farming bands below 2.7 GHz.

2. The step size for certain bands that have been defined with a more sparse raster than the global sync raster.
This contribution provides analysis and proposals for the two open issues.

2 Freqeuncy shift for the multiple rasters in LTE re-farming bands
When the synchronization rasters were developed at RAN4#85 in Reno, a freqeuncy shift of +/- [5] kHz alongside the N*900kHz was introduced, to assure that the SS raster and channel raster frequency difference is a multiple of 15 kHz. At the RAN4 AH-18101 in San Diego, there were two concerns raised regarding the frequency shift:
1. It was shown in [2] and [3] that the +/-5 kHz shift could not support 30 kHz SCS for both SSB and data, while maintaining subcarrier alignment. 
2. Concerns were raised in [4] that a small shift such as +/-5 kHz or +/-10 kHz could not be distinguished from other potential frequency shift sources during UE initial cell search, which would complicate the process. 

As a remedy to the first issue, it was proposed in [2] and [3] to change the shift from +/-5 kHz to +/-10 kHz.
Regarding the second issue, one solution discussed was to mitigate the frequency shift ambiguity issue is to introduce an additional signaling in MIB or RMSI. However, this would incur the downside of signaling overhead. Another solution is to use a wider frequency shift than 10 kHz to avoid the measured frequency offset uncertainty [3,4]. 
The Way-forward SS raster shift from the San Diego meeting [1] states that:

· 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 [2]

· Feasibility of possible frequency shift which allows single raster scan at each 900kHz step and no RMSI signaling

· Based on the above analysis, RAN4 to conclude the SS raster offset value in RAN4 #86 meeting.     
2.1 Analysis and proposal

Regarding the first bullet on +/-5 vs. +/-10 kHz raster shift, it was shown in [2] and [3] that it is not possible have subcarrier alignment between SSB and data when both have 30 kHz SCS. Presently, this situation can occur for bands n5 (800 MHz) and n66 (1700/2100 MHz extended AWS band). There will instead be a 15 kHz (SCS/2) offset which does not serve any real purpose or reason for these 30 kHz SCS cases. This will force a “Multiple numerology” implementation for a case where it is not needed. It is noted that the specification in general should be open to different implementations but would in this case be restricted by the offset between the SC grids. Because of the SC grid offset, it will also not be possible to use the RBs adjacent to the SSB, giving some loss of overall efficiency (spectrum utilization).
A possible gain from having a +/-5 instead of +/-10 kHz offset is a possible slight reduction in the total freqeuncy ambiguity. This should however be weighed against the unnecessary implementation complexity and loss, simply because of a numerology mismatch. 

It is therefore proposed to change the +/-5 kHz frequency shift to a larger value. As pointed out in the WF [1], any multiple of 10 kHz that is not a multiple of 30 kHz, will serve the purpose (10, 20, 40, 50, 70 kHz, etc.)

PROPOSAL 1: For the sync raster in LTE -refarming bands below 2.7 GHz, the frequency shift for the multiple rasters should be a multiple of +/-10 kHz, but not a multiple of +/-30 kHz.

The choice of having a smaller (10 kHz] or a larger (50-100 kHz) frequency shift really depends on the possibility to efficiently distinguish between the shift and other ambiguities due to Doppler shift etc., without having to resort to additional signaling. This is strongly related to the UE implementation of initial cell search, where there may be different solutions possible. This contribution does not draw a conclusion on this specific topic, but makes the following distinction:
· If a small shift is chosen (+/-10 kHz), RMSI signaling of the shift should be specified.

· If a larger shift is chosen (+/-50-100 kHz), RMSI signaling is not necessary.

PROPOSAL 2: If a small frequency shift for the multiple rasters is chosen (+/-10 kHz), which cannot be distinguished from other freqeuncy shift sources, RMSI signaling of the shift should be specified.

3 Step size for bands with more sparse SS raster

The possibilities to have a sparse sync raster has been thoroughly investigated in RAN4. It is documented (e.g in [5]) that the sync channel raster spacing ΔFSC,Raster will be limited by the following equation:


ΔFSC,Raster ≤ BWConfig – BWPBCH + ΔFCH,Raster


where BWConfig (Tx BW configuration) is the width of the transmitted Resource Blocks, BWPBCH is the width of the PBCH and ΔFCH,Raster is the channel raster spacing. 
The sync raster is based on a Global raster with a fixed spacing and for any band where a more sparse spacing is possible, a “step size” is defined and listed in subclause 5.4.3.3 of TS 38.104 and TS 38.101-1/2. Two cases presently have “TBD” for the step size:

1) Band n41 with SS block @ 15 kHz SCS:
The minimum channel BW defined is 10 MHz (NRB = 52). The fixed global raster has a spacing of 1.44 MHz for band n41, while the maximum spacing possible is:
ΔFSC,Raster ≤ 52 * 12 * 15 kHz – 20 * 12 * 15 kHz + 15 kHz = 5.775 MHz
The maximum step size possible would be 4, giving a raster spacing 4 * 1.44 MHz = 5.76 MHz
2) Band n79 with SS block @ 30 kHz SCS:
The minimum channel BW defined is 40 MHz (NRB = 106). The fixed global raster has a spacing of 1.44 MHz for band n41, while the maximum spacing possible is 
ΔFSC,Raster ≤ 106 * 12 * 30 kHz – 20 * 12 * 15 kHz + 30 kHz = 30.99 MHz

The maximum step size possible would be 21, giving a raster spacing 21 * 1.44 MHz = 30.24 MHz
Two aspects have to be consider before finally selecting the step size and the related sync raster spacing:

a) As pointed out in [6], RAN4 should consider the case when the block is placed at the edge of a channel bandwidth and has extra high-power boosting compared to the data block. A certain “guard” may be needed to accommodate this situation, indicating that the maximum possible spacing should not be selected.

b) In order to improve efficiency of initial cell search, it was proposed in [7] that for overlapping bands with the same SCS for the SS block but different minimum channel BW, sync raster spacings should be selected as integer multiples of each other as far as possible. This method is already enabled, since the sync raster is global.
With the two points above in mind, we can list the maximum possible step size for the two cases above in Table 1 and 2 below, using different channel BW assumptions.
Table 1: Maximum possible sync raster spacing for 
NR bands in 2.4 – 6 GHz woth SS block @ 30 kHz SCS

	Minimum Channel BW [MHz]
	NRB,Carrier
	Max
 ΔFSC,Raster [MHz]
	Max
Raster step size
	“Reduced” Step size
	Resulting extra guard [MHz]

	10
	24
	1.470
	1
	1
	0,030

	15
	38
	6.510
	4
	4
	0,750

	20
	51
	11.190
	7
	6
	2,550

	30
	78
	20.910
	14
	12
	3,630

	40
	106
	30.990
	21
	16
	7,950


Table 2: Maximum possible sync raster spacing for 
NR bands in 2.4 – 6 GHz woth SS block @ 15 kHz SCS

	Minimum Channel BW [MHz]
	NRB,Carrier
	Max
 ΔFSC,Raster [MHz]
	Max
Raster step size
	“Reduced” Step size
	Resulting extra guard [MHz]

	10
	52
	1.470
	4
	3
	1,470

	15
	79
	6.510
	7
	6
	2,010

	20
	106
	11.190
	10
	9
	2,550


The choice for the “reduced” step size is made to give a little extra guard band for the power boost identified in point a) above. The step size chosen is based on 2 and 3 as factors, making the higher step sizes integer multiples of the lower ones for most cases, as identified in point b). Note that the GSCN range for each band should also be integer multiples of the step size, as stated in [8].
PROPOSAL 3: The following step size are proposed for the existing “<TBD>” in subclause 5.4.3.3 of TS 38.101-1/2 and TS 38.101-4 (marked green):

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

	n41
	15 kHz
	Case A
	9069 – <3> – 9198

	
	30 kHz
	Case C
	9070 – <1> – 9198

	n79
	30 kHz
	Case C
	10400 – <16> – 10800


4 Proposal
Based on the discussion above, the following is proposed:
PROPOSAL 1: For the sync raster in LTE -refarming bands below 2.7 GHz, the frequency shift for the multiple rasters should be a multiple of +/-10 kHz, but not a multiple of +/-30 kHz.

PROPOSAL 2: If a small frequency shift for the multiple rasters is chosen (+/-10 kHz), which cannot be distinguished from other freqeuncy shift sources, RMSI signaling of the shift should be specified.

PROPOSAL 3: The following step size are proposed for the existing “<TBD>” in subclause 5.4.3.3 of TS 38.101-1/2 and TS 38.101-4 (marked green):

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

	n41
	15 kHz
	Case A
	9069 – <3> – 9198

	
	30 kHz
	Case C
	9070 – <1> – 9198

	n79
	30 kHz
	Case C
	10400 – <16> – 10800
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