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1. Introduction
RAN4 has been discussing on the channel raster, SSB raster, spectrum emissions and guard-bands needed for wide-band operation. This contribution addresses all those aspects for 5GHz NR-U band as these topics are related to one another.

2. Discussion
[bookmark: _Ref21077204]Channel raster

In order to support the use of single FFT for wide-band operation with all SCS the channel center frequencies need to be defined in a way that gap between the adjacent channels is integer multiple of 60kHz and channels needs to be defined with ~10MHZ raster.
Complete proposal is shown in table 1:
Table 1. Down sampled channel raster
	CHANNEL CENTER
FERQUENCIES
	NREF
	Fc (MHz)
	Delta to center
	Delta
N*60k
	Delta
NREF

	5160
	744000
	5160,000
	0,0000
	
	

	5170
	744668
	5170,020
	0,0200
	167,000
	668

	5180
	745332
	5179,980
	-0,0200
	166,000
	664

	5190
	746000
	5190,000
	0,0000
	333,000
	668

	5200
	746668
	5200,020
	0,0200
	334,000
	668

	5210
	747332
	5209,980
	-0,0200
	333,000
	664

	5220
	748000
	5220,000
	0,0000
	333,000
	668

	5230
	748668
	5230,020
	0,0200
	334,000
	668

	5240
	749332
	5239,980
	-0,0200
	333,000
	664

	5250
	750000
	5250,000
	0,0000
	333,000
	668

	5260
	750668
	5260,020
	0,0200
	334,000
	668

	5270
	751332
	5269,980
	-0,0200
	333,000
	664

	5280
	752000
	5280,000
	0,0000
	333,000
	668

	5290
	752668
	5290,020
	0,0200
	334,000
	668

	5300
	753332
	5299,980
	-0,0200
	333,000
	664

	5310
	754000
	5310,000
	0,0000
	333,000
	668

	5320
	754668
	5320,020
	0,0200
	334,000
	668

	5330
	755332
	5329,980
	-0,0200
	333,000
	664

	5340
	756000
	5340,000
	0,0000
	333,000
	668

	 
	 
	 
	 
	 
	 

	5480
	765332
	5479,980
	-0,0200
	2333,000
	9332

	5490
	766000
	5490,000
	0,0000
	167,000
	668

	5500
	766668
	5500,020
	0,0200
	167,000
	668

	5510
	767332
	5509,980
	-0,0200
	166,000
	664

	5520
	768000
	5520,000
	0,0000
	167,000
	668

	5530
	768668
	5530,020
	0,0200
	167,000
	668

	5540
	769332
	5539,980
	-0,0200
	166,000
	664

	5550
	770000
	5550,000
	0,0000
	167,000
	668

	5560
	770668
	5560,020
	0,0200
	167,000
	668

	5570
	771332
	5569,980
	-0,0200
	166,000
	664

	5580
	772000
	5580,000
	0,0000
	167,000
	668

	5590
	772668
	5590,020
	0,0200
	167,000
	668

	5600
	773332
	5599,980
	-0,0200
	166,000
	664

	5610
	774000
	5610,000
	0,0000
	167,000
	668

	5620
	774668
	5620,020
	0,0200
	167,000
	668

	5630
	775332
	5629,980
	-0,0200
	166,000
	664

	5640
	776000
	5640,000
	0,0000
	167,000
	668

	5650
	776668
	5650,020
	0,0200
	167,000
	668

	5660
	777332
	5659,980
	-0,0200
	166,000
	664

	5670
	778000
	5670,000
	0,0000
	167,000
	668

	5680
	778668
	5680,020
	0,0200
	167,000
	668

	5690
	779332
	5689,980
	-0,0200
	166,000
	664

	5700
	780000
	5700,000
	0,0000
	167,000
	668

	5710
	780668
	5710,020
	0,0200
	167,000
	668

	5720
	781332
	5719,980
	-0,0200
	166,000
	664

	 
	 
	 
	 
	 
	 

	5745
	783000
	5745,000
	0,0000
	417,000
	1668

	5755
	783668
	5755,020
	0,0200
	167,000
	668

	5765
	784332
	5764,980
	-0,0200
	166,000
	664

	5775
	785000
	5775,000
	0,0000
	167,000
	668

	5785
	785668
	5785,020
	0,0200
	167,000
	668

	5795
	786332
	5794,980
	-0,0200
	166,000
	664

	5805
	787000
	5805,000
	0,0000
	167,000
	668

	5815
	787668
	5815,020
	0,0200
	167,000
	668

	5825
	788332
	5824,980
	-0,0200
	166,000
	664

	5835
	789000
	5835,000
	0,0000
	167,000
	668

	5845
	789668
	5845,020
	0,0200
	167,000
	668

	5855
	790332
	5854,980
	-0,0200
	166,000
	664

	5865
	791000
	5865,000
	0,0000
	167,000
	668

	5875
	791668
	5875,020
	0,0200
	167,000
	668

	5885
	792332
	5884,980
	-0,0200
	166,000
	664

	5895
	793000
	5895,000
	0,0000
	167,000
	668

	5905
	793668
	5905,020
	0,0200
	167,000
	668

	5915
	794332
	5914,980
	-0,0200
	166,000
	664

	
	
	
	
	
	

	
	
	Max offset
	0,02
	
	

	
	
	Min offset
	-0,02
	
	



SSB raster

For each 20MHz sub-band defined above a location for SSB is selected in a way that there is always in minimum 0.5x 60kHz RB remaining on left side of the SSB so that one RB may be removed from full allocation if wider guard-band is needed to meet the protection requirements for adjacent systems. Note that in this analysis NRB,max of 25 was used for 60kHz SCS to align with ongoing discussion SU. For 30 and 15kHz SCS the offset in number of RBs is larger.
15kHz SCS: Min 5.33, Max 12.67 RBs
30kHz SCS: Min 1.67, Max 5.33 RBs
60kHz SCS: Min 0.58, Max 2.42 RBs

Complete proposal is shown in table below:
Table 2. Down sampled SSB raster
	CHANNEL CENTER
FERQUENCIES
	GSCN
	Fc (MHz)
	SSB LEFT EDGE
	Delta to channel CF
	Delta
GSCN

	5160
	8996
	5155,68
	5152,080
	-4,320
	

	5180
	9010
	5175,84
	5172,240
	-4,140
	14

	5200
	9024
	5196
	5192,400
	-4,020
	14

	5220
	9038
	5216,16
	5212,560
	-3,840
	14

	5240
	9052
	5236,32
	5232,720
	-3,660
	14

	5260
	9065
	5255,04
	5251,440
	-4,980
	13

	5280
	9079
	5275,2
	5271,600
	-4,800
	14

	5300
	9093
	5295,36
	5291,760
	-4,620
	14

	5320
	9107
	5315,52
	5311,920
	-4,500
	14

	5340
	9121
	5335,68
	5332,080
	-4,320
	14

	 
	 
	 
	 
	 
	 

	5480
	9218
	5475,36
	5471,760
	-4,620
	97

	5500
	9232
	5495,52
	5491,920
	-4,500
	14

	5520
	9246
	5515,68
	5512,080
	-4,320
	14

	5540
	9260
	5535,84
	5532,240
	-4,140
	14

	5560
	9274
	5556
	5552,400
	-4,020
	14

	5580
	9288
	5576,16
	5572,560
	-3,840
	14

	5600
	9302
	5596,32
	5592,720
	-3,660
	14

	5620
	9315
	5615,04
	5611,440
	-4,980
	13

	5640
	9329
	5635,2
	5631,600
	-4,800
	14

	5660
	9343
	5655,36
	5651,760
	-4,620
	14

	5680
	9357
	5675,52
	5671,920
	-4,500
	14

	5700
	9371
	5695,68
	5692,080
	-4,320
	14

	5720
	9385
	5715,84
	5712,240
	-4,140
	14

	 
	 
	 
	 
	 
	 

	5745
	9402
	5740,32
	5736,720
	-4,680
	17

	5765
	9416
	5760,48
	5756,880
	-4,500
	14

	5785
	9430
	5780,64
	5777,040
	-4,380
	14

	5805
	9444
	5800,8
	5797,200
	-4,200
	14

	5825
	9458
	5820,96
	5817,360
	-4,020
	14

	5845
	9472
	5841,12
	5837,520
	-3,900
	14

	5865
	9486
	5861,28
	5857,680
	-3,720
	14

	5885
	9499
	5880
	5876,400
	-4,980
	13

	5905
	9513
	5900,16
	5896,560
	-4,860
	14

	5915
	9520
	5910,24
	5906,640
	-4,740
	7



Wide-band operation

In the following sections a way to operate wide-band carriers is presented following the principles listed below:
1. In-carrier guard-bands are integer multiple of RBs.
2. Cerrier center frequency offset from the mid-point of 20MHz sub-band is always as small as possible. 200kHz offset allowed in ETSI regulation [3].
3. The width of Carrier-guard-bands and In-carrier-guard-bands is maximized and delta to minimum guard band specified 38.101 is calculated.
· As it is not possible to locate the carriers into the mid-point of the 20MHz sub-band while following the principle 1. the guard-bands will become in some cases wider and in some cases narrower than the currently specified minimum guard band for NR FR1 [2].
For 15kHz SCS 106 RBs is allocated into each sub-band.
For 30kHz SCS 51 RBs is allocated into each sub-band.
For 60kHz SCS 25 RBs is allocated into each sub-band. 25 is one higher than the existing maximum RBs defined in 38.101 to reflect the ongoing discussion on SU for NRU.
Following observations can be made:
Observation #1: Maximum delta between the mid-point of 20MHz sub-band and center of the carrier is different for each SCS, as the delta is impacted by the width of the RB. Maximum delta for each SCS and bandwidth is shown in Table 3. The maximum delta also equals to violation of currently specified minimum guard bands for NR FR1.
[bookmark: _Ref21076903]Table 3. Maximum delta between the mid-point of 20MHz sub-band and center of the carrier
	
	20MHz
	40MHz
	60MHz
	80MHz
	100MHz
	Min GB

	15k SCS
	20kHz
	30kHz
	
	
	
	452.5kHz

	30k SCS
	20kHz
	120kHz
	180kHz
	140kHz
	180kHz
	805kHz

	60k SCS
	20kHz
	100kHz
	220kHz
	260kHz
	340kHz
	970kHz



Observation #2: Maximum guard band violation is always less than half of the RB width and therefore the minimum guard band width can be achieved by operating the sub-band carriers with N-1 RBs if operation with narrower guard bands is not feasible.
Observation #3: Maximum delta between the mid-point of 20MHz sub-band and center of the carrier is more than 200kHz ETSI requirement with 60kHz SCS and 60, 80 and 100MHz wide-band-carriers. However, this is not considered to be critical as currently the NR-U will not be optimized for 60 kHz SCS. Implications of this may be further studied in the future.
When it comes to operating the wide-band carriers as required by the regulation [3] one needs to keep in mind that PSD is limited to +10dBm/1MHz and that occupied bandwidth shall be between 80% and 100% of the Nominal Channel Bandwidth. Operation with less than 80%, but with more than 2MHz wide carrier is only temporarily allowed. With these limitations the worst case PSD is significantly lower than in NR FR1 and therefore narrower guard bands may be feasible.
It should also be noted that in certain cases the total number of used RBs is +1 larger than currently define NRB,max in 38.101. This additional RB is used to improve the carrier center frequency offset as in principle 2.
ACLR and SEM performance for different wide-band-operation use cases is studied in 2.4 using the simulator model for the UE transmitter. 
20MHz wide carrier

The channel raster proposal in 2.1 introduces -20, 0 or +20kHz offset between the mid-point of the 20MHz sub-band and channel center frequency. The channels that are impacted by the non-zero offset will also experience 20kHz narrower guard bands than the currently specified minimum guard band for NR FR1.


40MHz wide-band carrier

Proposal for 40MHz wide-band operation with 15, 30 and 60kHz SCS is shown below. Sum of in-carrier-guard-bands is integer multiple of RBs. Maximum guard band violation for 15, 30 and 60kHz SCS are 30, 120 and 100kHz respectively.
15kHz SCS: NRB,max= 216 (+1 vs. existing 38.101)
[image: ]
	
	Guard
	Carrier
	Guard
	Guard
	Carrier
	Guard
	TOTAL RB
	TOTAL MHz

	RBs
	2,61
	106,00
	2,50
	2,50
	106,00
	2,61
	222,22
	40,0

	
	
	
	
	
	
	
	
	

	F-center -20k offset
	 
	-10
	 
	 
	-30
	 
	
	

	F-center 0 offset
	 
	10
	 
	 
	-10
	 
	
	

	F-center +20k offset
	 
	30
	 
	 
	10
	 
	
	

	Limit
	200
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Guards -20k offset
	442,5
	 
	462,5
	422,5
	 
	482,5
	
	

	Guards 0 offset
	462,5
	 
	442,5
	442,5
	 
	462,5
	
	

	Guards +20k offset
	482,5
	 
	422,5
	462,5
	 
	442,5
	
	

	Limit
	452,5
	
	
	
	
	
	
	

	Max GB violation
	30
	
	
	
	
	
	
	



30kHz SCS: NRB,max= 106
[image: ]
	
	Guard
	Carrier
	Guard
	Guard
	Carrier
	Guard
	TOTAL RB
	TOTAL MHz

	RBs
	2,56
	51,00
	2,00
	2,00
	51,00
	2,56
	111,11
	40,0

	
	
	
	
	
	
	
	
	

	F-center -20k offset
	 
	80
	 
	 
	-120
	 
	
	

	F-center 0 offset
	 
	100
	 
	 
	-100
	 
	
	

	F-center +20k offset
	 
	120
	 
	 
	-80
	 
	
	

	Limit
	200
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Guards -20k offset
	885
	 
	725
	685
	 
	925
	
	

	Guards 0 offset
	905
	 
	705
	705
	 
	905
	
	

	Guards +20k offset
	925
	 
	685
	725
	 
	885
	
	

	Limit
	805
	
	
	
	
	
	
	

	Max GB violation
	120
	
	
	
	
	
	
	



60kHz SCS: NRB,max= 53 (+2 vs. existing 38.101)
[image: ]
	
	Guard
	Carrier
	Guard
	Guard
	Carrier
	Guard
	TOTAL RB
	TOTAL MHz

	RBs
	1,28
	25,00
	1,50
	1,50
	25,00
	1,28
	55,56
	40,0

	
	
	
	
	
	
	
	
	

	F-center -20k offset
	 
	-100
	 
	 
	60
	 
	
	

	F-center 0 offset
	 
	-80
	 
	 
	80
	 
	
	

	F-center +20k offset
	 
	-60
	 
	 
	100
	 
	
	

	Limit
	200
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	Guards -20k offset
	870
	 
	1070
	1030
	 
	910
	
	

	Guards 0 offset
	890
	 
	1050
	1050
	 
	890
	
	

	Guards +20k offset
	910
	 
	1030
	1070
	 
	870
	
	

	Limit
	970
	
	
	
	
	
	
	

	Max GB violation
	100
	
	
	
	
	
	
	




60MHz wide-band carrier

Proposal for 60MHz wide-band operation with 30 and 60kHz SCS is shown below. Sum of in-carrier-guard-bands is integer multiple of RBs. Maximum guard band violation for 15, 30 and 60kHz SCS are 40, 180 and 220kHz respectively.
30kHz SCS: NRB,max= 163 (+1 vs. existing 38.101)
[image: ]
	
	Guard
	Carrier
	Guard
	Guard
	Carrier
	Guard
	Guard
	Carrier
	Guard
	TOTAL RB
	TOTAL MHz

	RBs
	1,83
	51,00
	2,72
	2,28
	51,00
	2,28
	2,72
	51,00
	1,83
	166,67
	60,0

	
	
	
	
	
	
	
	
	
	
	
	

	F-center -20k offset
	 
	-180
	 
	 
	-20
	 
	 
	140
	 
	
	

	F-center 0 offset
	 
	-160
	 
	 
	0
	 
	 
	160
	 
	
	

	F-center +20k offset
	 
	-140
	 
	 
	20
	 
	 
	180
	 
	
	

	Limit
	200
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	Guards -20k offset
	625
	 
	985
	785
	 
	825
	945
	 
	665
	
	

	Guards 0 offset
	645
	 
	965
	805
	 
	805
	965
	 
	645
	
	

	Guards +20k offset
	665
	 
	945
	825
	 
	785
	985
	 
	625
	
	

	Limit
	805
	
	
	
	
	
	
	
	
	
	

	Max GB violation
	180
	
	
	
	
	
	
	
	
	
	



60kHz SCS: NRB,max= 81 (+2 vs. existing 38.101)
[image: ]
	
	Guard
	Carrier
	Guard
	Guard
	Carrier
	Guard
	Guard
	Carrier
	Guard
	TOTAL RB
	TOTAL MHz

	RBs
	1,17
	25,00
	1,11
	1,89
	25,00
	1,89
	1,11
	25,00
	1,17
	83,33
	60,0

	
	
	
	
	
	
	
	
	
	
	
	

	F-center -20k offset
	 
	-180
	 
	 
	-20
	 
	 
	140
	 
	
	

	F-center 0 offset
	 
	-160
	 
	 
	0
	 
	 
	160
	 
	
	

	F-center +20k offset
	 
	-140
	 
	 
	20
	 
	 
	180
	 
	
	

	Limit
	200
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	Guards -20k offset
	790
	 
	790
	1310
	 
	1350
	750
	 
	830
	
	

	Guards 0 offset
	810
	 
	770
	1330
	 
	1330
	770
	 
	810
	
	

	Guards +20k offset
	830
	 
	750
	1350
	 
	1310
	790
	 
	790
	
	

	Limit
	970
	
	
	
	
	
	
	
	
	
	

	Max GB violation
	220
	
	
	
	
	
	
	
	
	
	




0. 80MHz wide-band carrier

Proposal for 80MHz wide-band operation with 30 and 60kHz SCS is shown below. Sum of in-carrier-guard-bands is integer multiple of RBs. Maximum guard band violation for 15, 30 and 60kHz SCS are 50, 140 and 260kHz respectively.
30kHz SCS: NRB,max= 217
[image: ]
	
	Guard
	Carrier
	Guard
	Guard
	Carrier
	Guard
	Guard
	Carrier
	Guard
	Guard
	Carrier
	Guard
	TOTAL RB
	TOTAL MHz

	RBs
	2,61
	51,00
	1,94
	2,06
	51,00
	2,50
	2,50
	51,00
	2,06
	1,94
	51,00
	2,61
	222,22
	80,0

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	F-center -20k offset
	 
	100
	 
	 
	-100
	 
	 
	60
	 
	 
	-140
	 
	
	

	F-center 0 offset
	 
	120
	 
	 
	-80
	 
	 
	80
	 
	 
	-120
	 
	
	

	F-center +20k offset
	 
	140
	 
	 
	-60
	 
	 
	100
	 
	 
	-100
	 
	
	

	Limit
	200
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Guards -20k offset
	905
	 
	705
	705
	 
	905
	865
	 
	760
	680
	 
	945
	
	

	Guards 0 offset
	925
	 
	685
	725
	 
	885
	885
	 
	740
	700
	 
	925
	
	

	Guards +20k offset
	945
	 
	665
	745
	 
	865
	905
	 
	720
	720
	 
	905
	
	

	Limit
	805
	
	
	
	
	
	
	
	
	
	
	
	
	

	Max violation
	140
	
	
	
	
	
	
	
	
	
	
	
	
	



60kHz SCS: NRB,max= 109 (+2 vs. existing 38.101)
[image: ]
	
	Guard
	Carrier
	Guard
	Guard
	Carrier
	Guard
	Guard
	Carrier
	Guard
	Guard
	Carrier
	Guard
	TOTAL RB
	TOTAL MHz

	RBs
	1,06
	25,00
	1,72
	1,28
	25,00
	1,50
	1,50
	25,00
	1,28
	1,72
	25,00
	1,06
	111,11
	80,0

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	F-center -20k offset
	 
	-260
	 
	 
	-100
	 
	 
	60
	 
	 
	220
	 
	
	

	F-center 0 offset
	 
	-240
	 
	 
	-80
	 
	 
	80
	 
	 
	240
	 
	
	

	F-center +20k offset
	 
	-220
	 
	 
	-60
	 
	 
	100
	 
	 
	260
	 
	
	

	Limit
	200
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Guards -20k offset
	710
	 
	1230
	870
	 
	1070
	1030
	 
	940
	1220
	 
	750
	
	

	Guards 0 offset
	730
	 
	1210
	890
	 
	1050
	1050
	 
	920
	1240
	 
	730
	
	

	Guards +20k offset
	750
	 
	1190
	910
	 
	1030
	1070
	 
	900
	1260
	 
	710
	
	

	Limit
	970
	
	
	
	
	
	
	
	
	
	
	
	
	

	Max violation
	260
	
	
	
	
	
	
	
	
	
	
	
	
	





0. 100MHz wide-band carrier

Proposal for 100MHz wide-band operation with 30 and 60kHz SCS is shown below. Sum of in-carrier-guard-bands is integer multiple of RBs. Maximum guard band violation for 15, 30 and 60kHz SCS are 60, 180 and 340kHz respectively.
30kHz SCS: NRB, max= 273
[image: ]
	
	Guard
	Carrier
	Guard
	Guard
	Carrier
	Guard
	Guard
	Carrier
	Guard
	Guard
	Carrier
	Guard
	Guard
	Carrier
	Guard

	RBs
	2,39
	51,00
	2,17
	1,83
	51,00
	2,72
	2,28
	51,00
	2,28
	2,72
	51,00
	1,83
	2,17
	51,00
	2,39

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	F-center -20k offset
	 
	20
	 
	 
	-180
	 
	 
	-20
	 
	 
	140
	 
	 
	-60
	 

	F-center 0 offset
	 
	40
	 
	 
	-160
	 
	 
	0
	 
	 
	160
	 
	 
	-40
	 

	F-center +20k offset
	 
	60
	 
	 
	-140
	 
	 
	20
	 
	 
	180
	 
	 
	-20
	 

	Limit
	200
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Guards -20k offset
	825
	 
	785
	625
	 
	985
	785
	 
	840
	960
	 
	680
	760
	 
	865

	Guards 0 offset
	845
	 
	765
	645
	 
	965
	805
	 
	820
	980
	 
	660
	780
	 
	845

	[bookmark: _GoBack]Guards +20k offset
	865
	 
	745
	665
	 
	945
	825
	 
	800
	1000
	 
	640
	800
	 
	825

	Limit
	805
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Max violation
	180
	
	
	
	
	
	
	
	
	
	
	
	
	
	



60kHz SCS: NRB,max= 137 (+2 vs. existing 38.101)
[image: ]
	
	Guard
	Carrier
	Guard
	Guard
	Carrier
	Guard
	Guard
	Carrier
	Guard
	Guard
	Carrier
	Guard
	Guard
	Carrier
	Guard

	RBs
	0,94
	25,00
	1,83
	1,17
	25,00
	1,89
	1,11
	25,00
	1,11
	1,89
	25,00
	1,17
	1,83
	25,00
	0,94

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	F-center -20k offset
	 
	-340
	 
	 
	-180
	 
	 
	-20
	 
	 
	140
	 
	 
	300
	 

	F-center 0 offset
	 
	-320
	 
	 
	-160
	 
	 
	0
	 
	 
	160
	 
	 
	320
	 

	F-center +20k offset
	 
	-300
	 
	 
	-140
	 
	 
	20
	 
	 
	180
	 
	 
	340
	 

	Limit
	200
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Guards -20k offset
	630
	 
	1310
	790
	 
	1350
	750
	 
	820
	1340
	 
	860
	1300
	 
	670

	Guards 0 offset
	650
	 
	1290
	810
	 
	1330
	770
	 
	800
	1360
	 
	840
	1320
	 
	650

	Guards +20k offset
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2. [bookmark: _Ref21080112]SEM and ACLR analysis with proposed alternative for wide-band operation

The SEM and ACLR performance of the NR-U signals is analysed using simulator model for UE transmitter that includes full TX chain and implements about 30dBc performance for both LO and IMAGE. The operating point of the transmitter is adjusted in a way that 15kHz SCS full band operation at +20dBm output power meets the Wifi mask and under these conditions ACLR is 27dB and EVM is 8%.
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Figure 1. Transmitter performance with 20MHz QPSK CP-OFDMA signal
The results for studies done for 40, 60, 80 and 100MHz wide-band operation are shown in sections 2.1.1, 2.1.2, 2.1.3 and 2.1.4. The SEM mask shown is aligned with Alt. 8 from [4] and is so called modified ETSI/ IEEE 802.11ac/ax mask with -25 dB floor across failed LBT sub-bands.
Based on the simulated results following observation can be made.
Observation #4: The spectrum of the fully allocated 40, 60, 80 and 100MHz wide-band carriers follows the scaled emission mask with similar small margin as in 20MHz case and ACLR remains at 27dB. In-band emission mask aligned with Alt. 8 can be fulfilled with contiguous UL allocations except for the LO that needs an exception but power back-off is needed with non-contiguous allocations to meet SEM and ACLR..


[bookmark: _Ref21089994]40MHz wide-band operation

The SEM and ACLR performance for 40MHz wide-band-operation with 15kHz SCS is studied.
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[bookmark: _Ref21089995]60MHz wide-band operation

The SEM and ACLR performance for 60MHz wide-band-operation with 30kHz SCS is studied.
[image: ]
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Non-contiguous allocations are more problematic than contiguous ones as IM3 products of the transmitter fall outside of the own band and violate the SEM. Power back-off is needed to meet the ACLR and SEM in these cases.


[bookmark: _Ref21089997]80MHz wide-band operation

The SEM and ACLR performance for 80MHz wide-band-operation with 30kHz SCS is studied.
[image: ]
Results for non-contiguous allocations are not shown to limit the number of results shown, but they violate the SEM and ACLR the same way as seen with 60MHz operation. Power back-off is needed to meet the ACLR and SEM in these cases.

[bookmark: _Ref21089998]100MHz wide-band operation

The SEM and ACLR performance for 100MHz wide-band-operation with 30kHz SCS is studied.
[image: ]




3. Conclusion
This contribution proposes
1. Channel raster and SSB raster for NR-U at 5GHz band
2. a way to operate wide-band carrier in a way that regulatory requirements are met and in-carrier guards are always an integer multiple of RBs.
and analyses the SEM and ACLR performance with simulator model aligned with the above mentioned proposals 1 and 2.
In addition, following observations area made:
Observation #1: Maximum delta between the mid-point of 20MHz sub-band and center of the carrier is different for each SCS, as the delta is impacted by the width of the RB. Maximum delta for each SCS and bandwidth is shown in Table 3. The maximum delta also equals to violation of currently specified minimum guard bands for NR FR1.
Observation #2: Maximum guard band violation is always less than half of the RB width and therefore the minimum guard band width can be achieved by operating the sub-band carriers with N-1 RBs if operation with narrower guard bands is not feasible.
Observation #3: Maximum delta between the mid-point of 20MHz sub-band and center of the carrier is more than 200kHz ETSI requirement with 60kHz SCS and 60, 80 and 100MHz wide-band-carriers. However, this is not considered to be critical as currently the NR-U will not be optimized for 60 kHz SCS. Implications of this may be further studied in the future.
Observation #4: The simulated spectrum of the fully allocated 40, 60, 80 and 100MHz wide-band carriers follows the scaled emission mask with similar small margin as in 20MHz case and ACLR remains at 27dB. In-band emission mask aligned with Alt. 8 can be fulfilled with contiguous UL allocations except for the LO that needs an exception but power back-off is needed with non-contiguous allocations to meet SEM and ACLR.
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