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1 Background
In the contribution we consider the 100 kHz channel raster shift and the sync raster restriction for the KDDI Rel-16 work item [1]. The following solutions are listed:
Solution#1: Create new NR band with requirements to achieve spectrum sharing (LTE and NR) in 2496 – 2690 MHz.
Solution#2: Addition of new requirements addition into n41 as below;
· Introduce 100kHz channel raster support [RAN4]

· Sync raster specification correction [RAN4]
· Introduce UL 7.5kHz frequency shift [RAN4]
* above three requirements are at maximum for RAN4.  If unnecessary, some of requirements may not be added into n41.
We end up with a preference for solution#2 in a “proposed way forward”.
2 Replace the 30 kHz raster by a 100 kHz raster

Introducing a new band just to add a 100 kHz channel raster does not sound attractive. The number of band combinations for the 2.6 GHz range would at least double (the capability for the two overlapping bands would be different, e.g. w r t support of the 7.5 kHz shift) and mean fragmentation to list two downsides. 
What if the 30 kHz channel raster for Band n41 is replaced with a 100 kHz raster? The synchonisation raster would obviously not be modified, but there is restriction on GSCN for Band n41: M = 3 is assumed by default. This would have to be modified, for otherwise UE cannot find cells on an arbitrary 100 kHz raster position; cells would have to be on a “300 kHz raster” (i.e. on the 15 kHz raster). Does it work nevertheless? No, a problem since the frequency separation between the SSB “center frequency” and the RF channel position must be a multiple of 15 kHz, legacy UE would not find the cells if not on a 300 kHz raster.
Is the 30 kHz channel raster needed if there is already an 15 kHz channel raster? The 30 kHz raster is assumed for carriers in which the SCS for all transmissions configured is 30 kHz, the UE must support a 15 kHz SCS in any case. However, a channel spacing for CA that is a multiple of the SCS used for transmissions would allow solutions with a common FFT/IFFT for aggregated carriers. But this can be configured also on a 15 kHz channel raster. Furthermore, the wider bandwidth for 15 kHz SCS is not defined can also be positioned on a 15 kHz raster.
Replacing the 30 kHz raster would require that the M = 3 default be removed (at the expense of cell search time), the changes are

5.4.2.3
Channel raster entries for each operating band

The RF channel positions on the channel raster in each NR operating band are given through the applicable NR-ARFCN in Table 5.4.2.3‑1, using the channel raster to resource element mapping in subclause 5.4.2.2.

For NR operating bands with 100 kHz channel raster, ΔFRaster = 20 × ΔFGlobal. In this case every 20th NR-ARFCN within the operating band are applicable for the channel raster within the operating band and the step size for the channel raster in Table 5.4.2.3‑1 is given as <20>.

For NR operating bands with 15 kHz channel raster below 3GHz, ΔFRaster = I × ΔFGlobal, where I ϵ {3,6}. Every Ith NR‑ARFCN within the operating band are applicable for the channel raster within the operating band and the step size for the channel raster in Table 5.4.2.3‑1 is given as < I >.

For NR operating bands with 15 kHz channel raster above 3GHz, ΔFRaster = I × ΔFGlobal, where I ϵ {1,2}. Every Ith  NR‑ARFCN within the operating band are applicable for the channel raster within the operating band and the step size for the channel raster in table 5.4.2.3-1 is given as <I>.

In frequency bands with two ΔFRaster, the higher ΔFRaster applies to channels using only the SCS that equals the higher ΔFRaster.
Table 5.4.2.3-1: Applicable NR-ARFCN per operating band

	NR Operating Band
	ΔFRaster 

(kHz) 
	Uplink

Range of NREF

(First – <Step size> – Last)
	Downlink

Range of NREF

(First – <Step size> – Last)

	n1
	100
	384000 – <20> – 396000
	422000 – <20> – 434000

	n2
	100
	370000 – <20> – 382000
	386000 – <20> – 398000

	n3
	100
	342000 – <20> – 357000
	361000 – <20> – 376000

	n5
	100
	164800 – <20> – 169800
	173800 – <20> – 178800

	n7
	100
	500000 – <20> – 514000
	524000 – <20> – 538000

	n8
	100
	176000 – <20> – 183000
	185000 – <20> – 192000

	n12
	100
	139800 – <20> – 143200
	145800 – <20> – 149200

	n20
	100
	166400 – <20> – 172400
	158200 – <20> – 164200

	n25
	100
	370000 – <20> – 383000
	386000 – <20> – 399000

	n28
	100
	140600 – <20> – 149600
	151600 – <20> – 160600

	n34
	100
	402000 – <20> – 405000
	402000 – <20> – 405000

	n38
	100
	514000 – <20> – 524000
	514000 – <20> – 524000

	n39
	100
	376000 – <20> – 384000
	376000 – <20> – 384000

	n40
	100
	460000 – <20> – 480000
	460000 – <20> – 480000

	n41
	15
	499200 – <3> – 537999
	499200 – <3> – 537999

	
	100
	499200 – <20> – 537996
	499200 – <20> – 537996

	n50
	100
	286400 – <20> – 303400
	286400 – <20> – 303400

	n51
	100
	285400 – <20> – 286400
	285400 – <20> – 286400

	n66
	100
	342000 – <20> – 356000
	422000 – <20> – 440000

	n70
	100
	339000 – <20> – 342000
	399000 – <20> – 404000

	n71
	100
	132600 – <20> – 139600
	123400 – <20> – 130400

	n74
	100
	285400 – <20> – 294000
	295000 – <20> – 303600

	n75
	100
	N/A
	286400 – <20> – 303400

	n76
	100
	N/A
	285400 – <20> – 286400

	n77
	15
	620000 – <1> – 680000
	620000 – <1> – 680000

	
	30
	620000 – <2> – 680000
	620000 – <2> – 680000

	n78
	15
	620000 – <1> – 653333
	620000 – <1> – 653333

	
	30
	620000 – <2> – 653332
	620000 – <2> – 653332

	n79
	15
	693334 – <1> – 733333
	693334 – <1> – 733333

	
	30
	693334 – <2> – 733332
	693334 – <2> – 733332

	n80
	100
	342000 – <20> – 357000
	N/A

	n81
	100
	176000 – <20> – 183000
	N/A

	n82
	100
	166400 – <20> – 172400 
	N/A

	n83
	100
	140600 – <20> –149600
	N/A

	n84
	100
	384000 – <20> – 396000
	N/A

	n86
	100
	342000 – <20> – 356000
	N/A


5.4.3
Synchronization raster
5.4.3.1
Synchronization raster and numbering

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. 

A global synchronization raster is defined for all frequencies. 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.

The resource element corresponding to the SS block reference freqeuncy SSREF is given in subclause 5.4.3.2. The synchronization raster and the subcarrier spacing of the synchronization block is defined separately for each band.

Table 5.4.3.1-1: GSCN parameters for the global frequency raster
	Frequency range
	SS Block frequency position SSREF
	GSCN
	Range of GSCN

	0 – 3000 MHz
	N * 1200kHz + M * 50 kHz, 

N=1:2499, M ϵ {1,3,5} (Note 1)
	3N + (M-3)/2
	2 – 7498

	3000-24250 MHz
	3000 MHz + N * 1.44 MHz

N = 0:14756
	7499 + N
	7499 – 22255

	NOTE 1:
The default value for operating bands with SCS spaced channel raster is M=3 unless otherwise stated. For Band n41, M ϵ {1,3,5} for RF channel positions on the 100 kHz raster (Table 5.4.2.3-1).


5.4.3.3
Synchronization raster entries for each operating band 
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
	SS Block pattern1
	Range of GSCN

(First – <Step size> – Last)

	n1
	15kHz
	Case A
	5279 – <1> – 5419

	n2
	15kHz
	Case A
	4829 – <1> – 4969

	n3
	15kHz
	Case A
	4517 – <1> – 4693

	n5
	15kHz
	Case A
	2177 – <1> – 2230

	
	30kHz
	Case B
	2183 – <1> – 2224

	n7
	15kHz
	Case A
	6554 – <1> – 6718

	n8
	15kHz
	Case A
	2318 – <1> – 2395

	n12
	15kHz
	Case A
	1828 – <1> – 1858

	n20
	15kHz
	Case A
	1982 – <1> – 2047

	n25
	15 kHz
	Case A
	4829 – <1> – 4981

	n28
	15kHz
	Case A
	1901 – <1> – 2002

	n34
	15kHz
	Case A
	5030 – <1> – 5056

	n38
	15kHz
	Case A
	6431 – <1> – 6544

	n39
	15kHz
	Case A
	4706 – <1> – 4795

	n40
	15kHz
	Case A
	5756 – <1> – 5995

	n41
	15kHz
	Case A
	6246 – <3> – 6717

	
	
	
	6246 – <1> – 6717
(NOTE 2)

	
	30 kHz
	Case C
	6252 – <3> – 6714

	
	
	
	6252 – <1> – 6714
(NOTE 2)

	n50
	15kHz
	Case A
	3584 – <1> – 3787

	n51
	15kHz
	Case A
	3572 – <1> – 3574

	n66
	15kHz
	Case A
	5279 – <1> – 5494

	
	30kHz
	Case B
	5285 – <1> – 5488

	n70
	15kHz
	Case A
	4993 – <1> – 5044

	n71
	15kHz
	Case A
	1547 – <1> – 1624

	n74
	15kHz
	Case A
	3692 – <1> – 3790

	n75
	15kHz
	Case A
	3584 – <1> – 3787

	n76
	15kHz
	Case A
	3572 – <1> – 3574

	n77
	30kHz
	Case C
	7711 – <1> – 8329

	n78
	30kHz
	Case C
	7711 – <1> – 8051

	n79
	30kHz
	Case C
	8480 – <16> – 8880

	NOTE 1:
SS Block pattern is defined in section 4.1 in TS 38.213 [8]
NOTE 2:
For RF channel positions on the 100 kHz raster (Table 5.4.2.3-1)


3 Legacy UEs compliant with Rel-15
Making the changes above in Rel-16 implies that legacy Rel-15 UEs using the default M = 3 would only find NR cells on every third of the 100 kHz raster points. This would limit the flexibility of spectrum sharing. 
One possibility is to remove the M = 3 restriction already in Rel-15 to avoid backwards compatibility issues. 

The 7.5 kHz shift is not supported for TDD bands even though this can be implemented in the baseband. If used then the legacy UEs would not attach to the cell. Defining a new band with this functionalty would allow release independent implementation but would create fragementation and imply other drawbacks.
4 Possible way forward
We propose to consider the following
1. replace the 30 kHz channel raster with a 100 kHz raster for the existing Band n41 (no new band) in Rel-16
2. remove the M = 3 dafault for GSCN, possibly already from Rel-15 to reduce backwards compatibility problems.
A 7.5 kHz uplink shift requires further consideration w r t backwards compatibility.
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