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1	Introduction
[bookmark: _Hlk498013180][bookmark: OLE_LINK13][bookmark: OLE_LINK14]The channel raster for FR1 bands is agreed to be 100kHz for LTE refarming bands below 2.4GHz and 15kHz for the bands above 2.6GHz. [1,2]
[bookmark: _Hlk498013370]In the meantime, RAN1 has agreed to use 20 PRBs for the sync signal block [3]. This new agreement provides an opportunity to support the SCS-based raster and 100kHz channel raster with a single sync raster structure. In this paper, a new concept of the sync raster is proposed to support SCS-based and 100kHz channel raster.
2	Discussion
According to the latest assumptions of band specific minimum channel bandwidth and sync SCS [4], we discuss two cases in clause 2.1 and 2.2, i.e.,
· 15kHz sync SCS with 5MHz minimum channel bandwidth
· 30kHz sync SCS with 10MHz minimum channel bandwidth

[bookmark: _Hlk498421865]2.1	The case of 15kHz Sync SCS with 5MHz minimum channel bandwidth

[bookmark: _Hlk498041015]2.1.1 Maximum Sync raster for 100kHz channel raster

For
· the channel raster C1 = 100 kHz,
· the subcarrier spacing SCS = 15 kHz,
· a minimum carrier bandwidth of 5 MHz with 25 PRBs that is D = (25-20)·180 kHz = 900 kHz wider than the 20 PRBs wide synchronization signal block (SSB),
one synchronization frequency will, by shifting the SSB inside the carrier by multiples of the SCS, allow for the offsets falling onto the channel raster C1 of 300 kHz, 600 kHz and 900 kHz. By adding a 2nd synchronization frequency that is 100 kHz higher than the first one, the offsets relative to the 1st synchronization frequency of 100 kHz, 400 kHz, 700 kHz and 1000 kHz can be achieved. Similarly, by adding a 3rd synchronization frequency that is 200 kHz higher than the first synchronization frequency, the offsets relative to the 1st synchronization frequency of 200 kHz, 500 kHz, 800 kHz and 1100 kHz can be achieved. For offsets of 1200 to 2300 kHz, another 3 synchronization frequencies will be needed.

Table 1: Sync frequencies relative to a start frequency, and possible channel frequency shifts by shifting the SSB by multiples of 15 kHz from the right-hand edge of the 5 MHz carrier's 25 PRBs to the left-hand edge
	Sync frequency offset to a start position [kHz]
	Channel frequency shifts by assuming different SSB positions inside the carrier's 25 PRBs (only those relevant for the desired channel raster of 100 kHz) [kHz]

	0
	0, 300, 600, 900

	100
	100, 400, 700, 1000

	200
	200, 500, 800, 1100

	1200
	1200, 1500, 1800, 2100

	1300
	1300, 1600, 1900, 2200

	1400
	1400, 1700, 2000, 2300

	2400
	2400, 2700, 3000, 3300

	and so on
	and so on




Observation 1: 3 synchronization frequencies per 1200 kHz are needed to be able to place a NR carrier with a channel raster of C1 = 100 kHz at SCS = 15 kHz and a minimum carrier bandwidth of 5 MHz (25 PRBs). This corresponds to an average spacing between the synchronization frequencies of 400 kHz.

2.1.2 Maximum Sync raster for the simultaneous support of 100kHz and 15kHz channel raster

It would be nice to support two channel rasters:
· C1 = 100 kHz for compatibility with LTE
· C2 = 15 kHz to seamlessly place component carriers next to one another or next to LTE (and guard band NB-IoT) carriers with the same numerology and timing
The greatest common divider is Cgcd = 5 kHz.

For
· the effective channel raster Cgcd = 5 kHz,
· the subcarrier spacing SCS = 15 kHz,
· a minimum carrier bandwidth of 5 MHz with 25 PRBs that is D = (25-20)·180 kHz = 900 kHz wider than the 20 PRBs wide synchronization signal block (SSB),
one synchronization frequency will, by shifting the SSB inside the carrier by multiples of SCS, allow for the offsets falling onto the channel raster Cgcd of 15 kHz, 30 kHz, 45 kHz, ..., 900 kHz. By adding a 2nd synchronization frequency that is 5 kHz higher than the first one, the offsets relative to the 1st synchronization frequency of 5 kHz, 20 kHz, 35 kHz, ..., 905 kHz can be achieved. Similarly, by adding a 3rd synchronization frequency that is 10 kHz higher than the first synchronization frequency, the offsets relative to the 1st synchronization frequency of 10 kHz, 25 kHz, 40 kHz, ..., 910 kHz can be achieved. For offsets of 915 to 1825 kHz, another 3 synchronization frequencies will be needed.


Table 2: Sync frequencies relative to a start frequency, and possible channel frequency shifts by shifting the SSB by multiples of 15 kHz from the right-hand edge of the 5 MHz carrier's 25 PRBs to the left-hand edge
	Sync frequency offset to a start position [kHz]
	Channel frequency shifts by assuming different SSB positions inside the carrier's 25 PRBs [kHz]

	0
	0, 15, 30, ..., 900

	5
	5, 20, 35, ..., 905

	10
	10, 25, 40, ..., 910

	915
	915, 930, 945, ..., 1815

	920
	920, 935, 950, ..., 1820

	925
	925, 940, 955, ..., 1825

	1830
	1830, 1845, 1860, ..., 2730 

	and so on
	and so on



Observation 2: 3 synchronization frequencies per 915 kHz are needed to be able to place a NR carrier with a channel raster
· fitting to the channel raster of C1 = 100 kHz and also
· allowing for a seamless placement of component carriers
at SCS = 15 kHz and a minimum carrier bandwidth of 5 MHz (25 PRBs). 

Observation 3: The maximum frequency offset between these 3 synchronization frequencies is ±5 kHz from the 2nd synchronization frequency (the one in the middle).

In NB-IoT in-band and guard band operation, the frequency of the NB-IoT carrier's synchronization signal deviates by ±2.5 or ±7.5 kHz from the 100 kHz raster on which the NB-IoT UE searches a cell during the initial cell selection. Since the UE's Rx frequency after power-on has an inaccuracy due to the UE's crystal oscillator of up to the order of magnitude of 20 kHz, the further frequency deviation by up to 7.5 kHz was considered to be tolerable. The frequency offset among the 3 synchronization frequencies per 915 kHz is smaller than the frequency offset that is allowed for NB-IoT.

Observation 4: A UE can be expected to detect a synchronization signal on any of the 3 synchronization frequencies per 915 kHz by just checking the synchronization frequency in the middle.

Compared with 3 synchronization frequencies per 1200 kHz which are needed for a channel raster of 100 kHz, 3 synchronization frequencies per 915 kHz for supporting additionally the channel raster of 15 kHz is only a moderate increase. Moreover, due to the very small frequency offsets among the 3 adjacent synchronization frequencies in the case of an effective channel raster of 5 kHz, the UE only needs to check at one synchronization frequency per 915 kHz for finding a synchronization signal on any of the 3 synchronization frequencies per 915 kHz. One check per 915 kHz instead of 3 checks per 1200 kHz means less than half the number of checks despite the much finer channel raster. This reduces the time and energy consumption for the initial cell selection.

Proposal 1: 3 synchronization frequencies per 915 kHz are proposed for FR1 bands with 15 kHz sync SCS and a minimum channel bandwidth of 5 MHz. Furthermore, it is proposed to place the 3 synchronization frequencies per 915 kHz interval next to one another with offsets of 5 kHz.



2.2	The case of 30kHz Sync SCS with 10MHz minimum channel bandwidth

2.2.1 Maximum Sync raster for 100kHz channel raster

For
· the channel raster C1 = 100 kHz,
· now the subcarrier spacing SCS = 30 kHz and
· a minimum carrier bandwidth of 10 MHz with 24 PRBs that is D = (24-20)·360 kHz = 1440 kHz wider than the 20 PRBs wide synchronization signal block (SSB),
one synchronization frequency will, by shifting the SSB inside the carrier by multiples of the SCS, allow for the offsets falling onto the channel raster C1 of 300 kHz, 600 kHz, 900 kHz and 1200 kHz. By adding a 2nd synchronization frequency that is 100 kHz higher than the first one, the offsets relative to the 1st synchronization frequency of 100 kHz, 400 kHz, 700 kHz, 1000 kHz and 1300 kHz can be achieved. Similarly, by adding a 3rd synchronization frequency that is 200 kHz higher than the first synchronization frequency, the offsets relative to the 1st synchronization frequency of 200 kHz, 500 kHz, 800 kHz, 1100 kHz and 1400 kHz can be achieved. For offsets of 1500 to 2900 kHz, another 3 synchronization frequencies will be needed.

Table 3: Sync frequencies relative to a start frequency, and possible channel frequency shifts by shifting the SSB by multiples of 30 kHz from the right-hand edge of the 10 MHz carrier's 24 PRBs to the left-hand edge
	Sync frequency offset to a start position [kHz]
	Channel frequency shifts by assuming different SSB positions inside the carrier's 24 PRBs (only those relevant for the desired channel raster of 100 kHz) [kHz]

	0
	0, 300, 600, 900, 1200

	100
	100, 400, 700, 1000, 1300

	200
	200, 500, 800, 1100, 1400

	1500
	1500, 1800, 2100, 2400, 2700

	1600
	1600, 1900, 2200, 2500, 2800

	1700
	1700, 2000, 2300, 2600, 2900

	3000
	3000, 3300, 3600, 3900, 4200

	and so on
	and so on



Observation 4: 3 synchronization frequencies per 1500 kHz are needed to be able place a NR carrier with
· a channel raster of C1 = 100 kHz,
· SCS = 30 kHz and
· a minimum carrier bandwidth of 10 MHz (24 PRBs).
This corresponds to an average spacing between the synchronization frequencies of 500 kHz.

2.2.2 Maximum Sync raster for the simultaneous support of 100kHz and 30kHz channel raster

For the
subcarrier spacing SCS = 30 kHz,
now the greatest common divider with the channel raster C1 = 100 kHz is
Cgcd = 10 kHz.
At
a minimum carrier bandwidth of 10 MHz with 24 PRBs that is D = (24-20)·360 kHz = 1440 kHz wider than the 20 PRBs wide synchronization signal block (SSB),
one synchronization frequency will, by shifting the SSB inside the carrier by multiples of the SCS, allow for the offsets falling onto the channel raster Cgcd of 30 kHz, 60 kHz, 90 kHz, ..., 1440 kHz. By adding a 2nd synchronization frequency that is 10 kHz higher than the first one, the offsets relative to the 1st synchronization frequency of 10 kHz, 40 kHz, 70 kHz, ..., 1450 kHz can be achieved. Similarly, by adding a 3rd synchronization frequency that is 20 kHz higher than the first synchronization frequency, the offsets relative to the 1st synchronization frequency of 20 kHz, 50 kHz, 80 kHz, ..., 1460 kHz can be achieved. For offsets of 1470 to 2930 kHz, another 3 synchronization frequencies will be needed.

Table 4: Sync frequencies relative to a start frequency, and possible channel frequency shifts by shifting the SSB by multiples of 30 kHz from the right-hand edge of the 10 MHz carrier's 24 PRBs to the left-hand edge
	Sync frequency offset to a start position [kHz]
	Channel frequency shifts by assuming different SSB positions inside the carrier's 24 PRBs [kHz]

	0
	0, 30, 60, ..., 1440

	10
	10, 40, 70, ..., 1450

	20
	20, 50, 80, ..., 1460

	1470
	1470, 1500, 1530, ..., 2910

	1480
	1480, 1510, 1540, ..., 2920

	1490
	1490, 1520, 1550, ..., 2930

	2940
	2940, 2970, 3000, ..., 4380

	and so on
	and so on



Observation 5: For an NR carrier with SCS = 30 kHz for the SSB and a minimum carrier bandwidth of 10 MHz (24 PRBs), 3 synchronization frequencies per 1470 kHz are needed to be able place it with a channel raster
· fitting to the channel raster of C1 = 100 kHz and also
· allowing for a seamless placement of component carriers at SCS = 30 kHz and with at most one unused subcarrier at SCS = 15 kHz.
This corresponds to an average spacing between the synchronization frequencies of 490 kHz.

Observation 6: Compared with a synchronization raster of 500 kHz, the synchronization raster of 490 kHz results only in a very small increase of frequencies that a UE has to scan.

Proposal 2: 3 synchronization frequencies per 1470 kHz are proposed for FR1 bands with 30 kHz sync SCS and a minimum channel bandwidth of 10 MHz. Furthermore, it is proposed to place the 3 synchronization frequencies per 1470 kHz interval next to one another with offsets of 10 kHz.




2.3	The case of multiple default SCS

Some FR1 bands are considered for multiple default SCS of both 15 and 30 kHz [4].  For such bands, the same synchronization frequencies for both SCS should be used to enable the detection of SSB with 
with a single reception.

Compared with table 4, the support of the 15 kHz channel raster again requires supporting the effective channel raster Cgcd = 5 kHz. This will require doubling the synchronization frequencies. In table 5, the additional synchronization frequencies are marked by italic font.

Table 5: Sync frequencies relative to a start frequency, and possible channel frequency shifts by shifting the SSB by multiples of 30 kHz from the right-hand edge of the 10 MHz carrier's 24 PRBs to the left-hand edge
	Sync frequency offset to a start position [kHz]
	Channel frequency shifts by assuming different SSB positions inside the carrier's 24 PRBs [kHz]

	0
	0, 30, 60, ..., 1440

	5
	5, 35, 65, ..., 1445

	10
	10, 40, 70, ..., 1450

	15
	15, 45, 75, ..., 1455

	20
	20, 50, 80, ..., 1460

	25
	25, 55, 85, ..., 1465

	1470
	1470, 1500, 1530, ..., 2910

	1475
	1475, 1505, 1535, ..., 2915

	1480
	1480, 1510, 1540, ..., 2920

	1485
	1485, 1515, 1545, ..., 2925

	1490
	1490, 1520, 1550, ..., 2930

	1495
	1495, 1525, 1555, ..., 2935

	2940
	2940, 2970, 3000, ..., 4380

	2945
	2945, 2975, 3005, ..., 4385

	and so on
	and so on



For an effective channel raster of 5 kHz, the 10 MHz carrier with an SCS of 30 kHz will need 6 synchronization frequencies per 1470 kHz. (This corresponds to an average spacing between the synchronization frequencies of 245 kHz.) The distribution of the synchronization frequencies in the left column of table 5, however, would not be suitable for the case of a 5 MHz carrier with a SCS of 15 kHz because its largest shift inside the carrier for the same synchronization frequency is 900 kHz. Hence each period of 6 synchronization frequencies per 1470 kHz would have to be split into two periods with 3 synchronization frequencies per 1470 kHz / 2 = 735 kHz, resulting in the following synchronization frequency offsets in kHz (relative to a start position) of:
      0,       5,     10,
  735,   740,   745,
1470, 1475, 1480,
2205, 2210, 2215
and so on. Again, checking for a SS only in the middle of 3 adjacent synchronization frequencies should find a synchronization signal on any of them.

Observation 7: For FR1 bands with both default subcarrier spacings, a minimum carrier bandwidth of 10 MHz (24 PRBs) for SCS = 30 kHz and 5 MHz (25 PRBs) for SCS = 15 kHz, 3 synchronization frequencies per 735 kHz are needed to be able place carriers with a channel raster
· fitting to the channel raster of C1 = 100 kHz and also
· allowing for a seamless placement of component carriers at SCS = 15 kHz.
With a local oscillator tuning step size of 735 kHz, a UE can find the synchronization signals of both subcarrier spacings.

Proposal 3: 3 synchronization frequencies per 735 kHz are proposed for FR1 bands where the default SCS of both 15 and 30 kHz are allowed and where the minimum channel bandwidth is 5 MHz. Furthermore, it is proposed to place the 3 synchronization frequencies per 735 kHz interval next to one another with offsets of 5 kHz.
3	Conclusion
In this paper, we have discussed how to support both SCS-based and 100kHz channel raster simultaneously with a single sync raster structure. It is concluded that the increased density of sync raster is moderate compared with the maximum possible raster that can only support SCS-based channel raster or 100kHz channel raster; thus, the impact to the initial cell search complexity is insignificant. Therefore, it is proposed that the following sync raster is introduced for all NR FR1 bands.
Proposal 1: 3 synchronization frequencies per 915 kHz are proposed for FR1 bands with 15 kHz sync SCS and a minimum channel bandwidth of 5 MHz. Furthermore, it is proposed to place the 3 synchronization frequencies per 915 kHz interval next to one another with offsets of 5 kHz.

Proposal 2: 3 synchronization frequencies per 1470 kHz are proposed for FR1 bands with 30 kHz sync SCS and a minimum channel bandwidth of 10 MHz. Furthermore, it is proposed to place the 3 synchronization frequencies per 1470 kHz interval next to one another with offsets of 10 kHz.

Proposal 3: 3 synchronization frequencies per 735 kHz are proposed for FR1 bands where the default SCS of both 15 and 30 kHz are allowed and where the minimum channel bandwidth is 5 MHz. Furthermore, it is proposed to place the 3 synchronization frequencies per 735 kHz interval next to one another with offsets of 5 kHz.
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