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1. Introduction
In RAN4#82 spectral utilization was discussed and several contribution were made. Online discussion has been much on how to achieve very high spectral utilization rather than what the utilization is. Two main streams for implementation has been mostly discussed, windowing and filtering. We have proven in [2] that filter is too complex for flexible UE implementation will provide more details in [4]. 

In this paper we propose upper limits for spectral utilization which are feasible considering 2% windowing. We also discuss what should be noted when spectral utilization increases from LTE. 
2. Discussion

NR work extends over many channel BWs and two frequency domains that have different emission requirements. There is not agreement on what channel BW’s and what subcarrier spacing’s are supported. In [7] we discuss feasible combinations and here we follow the same assumption.

2.1. Emission requirements

Spectral utilization is gated by close in emission requirements which here means Spectral Emission Mask (SEM). For sub-6 we can assume that for channel BW up to 60 MHz we can follow LTE agreements. We have drafted possible SEMs for channel BWs 5, 10, 15, 20, 30, 40, 60 80 and 100 MHz channel BW in Tables 1 and 2.

Table 1: General Sub-6 NR spectrum emission mask ≤ 20 MHz
	Spectrum emission limit (dBm)/ Channel bandwidth

	ΔfOOB
(MHz)
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	Measurement bandwidth

	( 0-1
	-10
	-13
	-15 
	-18
	-20
	-21
	30 kHz 

	( 1-2.5
	-10
	-10
	-10
	-10
	-10
	-10 
	1 MHz

	( 2.5-2.8
	-25
	-10
	-10
	-10
	-10
	-10 
	1 MHz

	( 2.8-5
	
	-10
	-10
	-10
	-10
	-10
	1 MHz

	( 5-6
	
	-25
	-13
	-13
	-13
	-13
	1 MHz

	( 6-10
	
	
	-25
	-13
	-13 
	-13 
	1 MHz

	( 10-15
	
	
	
	-25
	-13 
	-13 
	1 MHz

	( 15-20
	
	
	
	
	-25 
	-13 
	1 MHz

	( 20-25
	
	
	
	
	
	-25 
	1 MHz


Table 2: General Sub-6 NR spectrum emission mask > 30 MHz
	ΔfOOB
(MHz)
	 30 MHz
	 40 MHz
	60 MHz
	80 MHz
	100 MHz
	Measurement bandwidth

	( 0-1
	-22.5
	-24
	-24
	-24
	-24
	30 kHz

	( 1-5
	-10
	-10
	-10
	-10
	-10
	1 MHz

	( 5-30
	-13
	-13
	-13
	-13
	-13
	1 MHz

	( 30-35
	-25
	-13
	-13
	-13
	-13
	1 MHz

	( 35-40
	
	-13
	-13
	-13
	-13
	1 MHz

	( 40-45
	
	-25
	-13
	-13
	-13
	1 MHz

	( 45-60
	
	
	-13
	-13
	-13
	1 MHz

	( 60-65
	
	
	-25
	-13
	-13
	1 MHz

	( 65-80
	
	
	
	-13
	-13
	1 MHz

	( 80-85
	
	
	
	-25
	-13
	1 MHz

	( 85-100
	
	
	
	
	-13
	1 MHz

	( 100-105
	
	
	
	
	-25
	1 MHz


For mmWaves the SEM follows ITU LS reply agreement [8] and we write SEM for applicable channel BWs for mmWaves in Table 3. 
Table 3: General mmWave NR spectrum emission mask 
	ΔfOOB
(MHz)
	 100 MHz
	 200 MHz
	400 MHz
	Measurement bandwidth

	( 0-5
	-5
	-5
	-5
	1 MHz

	( 5-10
	-13
	-5
	-5
	1 MHz

	( 10-20
	-13
	-13
	-5
	1 MHz

	( 20-100
	-13
	-13
	-13
	1 MHz

	( 100-200
	-13
	-13
	-13
	1 MHz

	( 200-400
	
	-13
	-13
	1 MHz

	( 400-800
	
	
	-13
	1 MHz


2.2. Spectral utilization Y
In RAN4#NR-AH1 in Spokane, WA, we discussed if guard band should be set by fully allocated channel or with one RB [5]. We will discuss the two mentioned possibilities how to handle this aspect. 

2.2.1. Set Y with fully allocated channel

In Table 4 we present a possible set of spectral utilizations when the fully allocated channel is considered as reference. 

Table 4 Feasible spectral utilization with channel BW and SCS

	
	CH BW [MHz]

	SCS [kHz]
	5
	10
	15
	20
	30
	40
	60
	80
	100
	1001
	2001

	
	NRB
	Y [%]
	NRB
	Y [%]
	NRB
	Y [%]
	NRB
	Y [%]
	NRB
	Y [%]
	NRB
	Y [%]
	NRB
	Y [%]
	NRB
	Y [%]
	NRB
	Y [%]
	NRB
	Y
	NRB
	Y

	15
	25
	90.0
	53
	95.4
	81
	97.2
	109
	98.1
	164
	98.4
	220
	99.0
	331
	99.3
	0
	0.0
	0
	0.0
	0
	0.0
	0
	0.0

	30
	11
	79.2
	25
	90.0
	39
	93.6
	53
	95.4
	81
	97.2
	109
	98.1
	164
	98.4
	220
	99.0
	275
	99.0
	275
	99.0
	0
	0.0

	60
	4
	57.6
	11
	79.2
	18
	86.4
	25
	90.0
	39
	93.6
	53
	95.4
	81
	97.2
	109
	98.1
	136
	97.9
	136
	97.9
	275
	99.0

	120
	1
	28.8
	4
	57.6
	8
	76.8
	11
	79.2
	18
	86.4
	25
	90.0
	39
	93.6
	53
	95.4
	67
	96.5
	67
	96.5
	136
	97.9

	240
	0
	0.0
	1
	28.8
	3
	57.6
	4
	57.6
	8
	76.8
	11
	79.2
	18
	86.4
	25
	90.0
	32
	92.2
	32
	92.2
	67
	96.5

	480
	0
	0.0
	0
	0.0
	0
	0.0
	1
	28.8
	3
	57.6
	4
	57.6
	8
	76.8
	11
	79.2
	15
	86.4
	15
	86.4
	32
	92.2


  1: MmWave SEM
Assuming Y according to fully allocated channel will lead to need for MPR for edge RBs. The need to MPR in the edge RB is shown in Table 5.
Table 5 Back off needed for one RB allocated to the edge of the channel for feasible spectral utilization
	
	Channel BW [MHz]

	SCS [kHz]
	5
	10
	15
	20
	30
	40
	60
	80
	100
	100*
	200*

	15
	0 dB
	3 dB
	5 dB
	8 dB
	7 dB
	10 dB
	9 dB
	9 dB
	9 dB
	5 dB
	7 dB

	30
	0 dB
	0 dB
	2 dB
	3 dB
	5 dB
	8 dB
	5 dB
	6 dB
	5 dB
	2 dB
	2 dB

	60
	0 dB
	0 dB
	0 dB
	0 dB
	1 dB
	3 dB
	3 dB
	5 dB
	2 dB
	0 dB
	0 dB

	120
	0 dB
	0 dB
	0 dB
	0 dB
	0 dB
	0 dB
	0 dB
	0 dB
	1 dB
	0 dB
	 

	240
	0 dB
	0 dB
	0 dB
	0 dB
	0 dB
	0 dB
	0 dB
	0 dB
	0 dB
	0 dB
	 

	480
	0 dB
	0 dB
	0 dB
	0 dB
	0 dB
	0 dB
	0 dB
	0 dB
	0 dB
	0 dB
	 


*: Millimeterwave SEM
2.2.2.  Set Y with one RB allocation
If the Y is set according to one RB allocated at band edge, the % of spectrum utilization value is lower. This approach has its advantages by simplifying the specification and implementation. Currently, the MPR and A-MPR processing requires surprisingly lot processing time and since the latency requirements will get tighter, this becomes a factor. We also do not believe the overall benefit of added Y with the expense of MPR is worth it. Hence, our proposal for spectral utilization is presented in the Table 6 where the Y has been set according to 1 RB. This is in line with our previous proposal where we proposed not to define Y greater than what can be achieved with 2% windowing. 

Proposal: The Spectral Utilization and NRB for NR is as follows for the presented channel BWs and sub carrier spacing’s. 
Table 6 Spectral Utilization when 1 RB at the edge was the reference

	
	CH BW [MHz]

	SCS [kHz]
	5
	10
	15
	20
	30
	40
	60
	80
	100

	
	NRB
	Y [%]
	NRB
	Y [%]
	NRB
	Y [%]
	NRB
	Y [%]
	NRB
	Y [%]
	NRB
	Y [%]
	NRB
	Y [%]
	NRB
	Y [%]
	NRB
	Y [%]

	15
	25
	90.0
	52
	93.6
	79
	94.8
	106
	95.4
	161
	96.6
	216
	97.2
	328
	98.4
	439
	98.8
	550
	99.0

	30
	12
	86.4
	25
	90.0
	38
	91.2
	52
	93.6
	79
	94.8
	106
	95.4
	162
	97.2
	217
	97.7
	273
	98.3

	60
	5
	72.0
	12
	86.4
	18
	86.4
	25
	90.0
	38
	91.2
	52
	93.6
	80
	96.0
	107
	96.3
	135
	97.2

	120
	2
	57.6
	5
	72.0
	8
	76.8
	12
	86.4
	18
	86.4
	25
	90.0
	39
	93.6
	53
	95.4
	66
	95.0

	240
	0
	0.0
	2
	57.6
	4
	76.8
	5
	72.0
	8
	76.8
	12
	86.4
	19
	91.2
	25
	90.0
	32
	92.2


In the Table 6, the values marked red color are not feasible if FFT size is set as maximum 4096. Also, this table does not indicate any opinion which channel BW and subcarrier spacing’s are feasible for sub-6 or mmW. 
2.3. Impact of increased Y to ACLR

ACLR by definition means how much power is leaked to adjacent channel. EUTRA ACLR for LTE defines own and adjacent channel integration BW same as own transmission BW. Offset is same as channel BW. If Y increases, that means that transmission BW also increases while offset remains the same. This potentially can increase the ACLR and impose more tighter requirement for PA and UE. We performed a simulation campaign to compare how much PA linearity requirements increase due to increased Y.

We drove PA to sufficient compression to set output power to 23 dBm with OFDM signal with Y=90%. ACLR in this case was -31.4 dBc. The we changed the Y to 98.1 % and set the PA operating point so that same 23 dBm was the output power. ACLR in this case degraded by 0.8 dB to -30.62 dBc. 

[image: image1.emf](a)

(b)


Figure 1 ACLR comparison with two different spectral utilizations (Y)

Increasing PA linearity requirement will cause PA to consume more current and possibly means that LTE PA cannot be shared in NR bands.    
Observation: Increasing Y also increases PA linearity requirements
3. Conclusion
We discussed filtering and windowing and proposed maximum spectral utilization for different channel BWs and subcarrier spacing’s. 
Proposal: The Spectral Utilization and NRB for NR is as follows for the presented channel BWs and sub carrier spacing’s. 
Table 6 Spectral Utilization when 1 RB at the edge was the reference

	
	CH BW [MHz]

	SCS [kHz]
	5
	10
	15
	20
	30
	40
	60
	80
	100

	
	NRB
	Y [%]
	NRB
	Y [%]
	NRB
	Y [%]
	NRB
	Y [%]
	NRB
	Y [%]
	NRB
	Y [%]
	NRB
	Y [%]
	NRB
	Y [%]
	NRB
	Y [%]

	15
	25
	90.0
	52
	93.6
	79
	94.8
	106
	95.4
	161
	96.6
	216
	97.2
	328
	98.4
	439
	98.8
	550
	99.0

	30
	12
	86.4
	25
	90.0
	38
	91.2
	52
	93.6
	79
	94.8
	106
	95.4
	162
	97.2
	217
	97.7
	273
	98.3

	60
	5
	72.0
	12
	86.4
	18
	86.4
	25
	90.0
	38
	91.2
	52
	93.6
	80
	96.0
	107
	96.3
	135
	97.2

	120
	2
	57.6
	5
	72.0
	8
	76.8
	12
	86.4
	18
	86.4
	25
	90.0
	39
	93.6
	53
	95.4
	66
	95.0

	240
	0
	0.0
	2
	57.6
	4
	76.8
	5
	72.0
	8
	76.8
	12
	86.4
	19
	91.2
	25
	90.0
	32
	92.2


We also studied the impact of increased Y to PA linearity requirement and made one observation

 Observation: Increasing Y also increases PA linearity requirements
Reference

[1] R4-1702375, “TP for 38.803: Conclusion of NR spectrum utilization” Huawei, Hisilicon, 3GPP TSG-RAN WG4#82 Meeting, Athens, Greece, 13-17 February 2017
[2] R4-1701793, “Feasible Spectral Utilization for NR”, Qualcomm Incorporated, 3GPP TSG-RAN WG4#82 Meeting, Athens, Greece, 13-17 February 2017
[3] R4-1700535,
“Aspects of spectral efficiency for UE”, Intel Corporation, 3GPP TSG-RAN WG4#82 Meeting, Athens, Greece, 13-17 February 2017
[4] R4-1703267, “Filter Complexity analysis and trade-offs”, Qualcomm Incorporated, 3GPP TSG-RAN WG4#82Bis Meeting, Spokane, WA, USA, 3-7 April 2017
[5] R4-1700099, “Spectral Utilization Analysis for NR” Qualcomm Incorporated, 3GPP TSG-RAN WG4 NR AH Meeting Spokane, Washington, USA, 17 - 19 January, 2017

[6] R4-1701796, “Sub Carrier Spacing and operating frequency “, Qualcomm Inc

[7] R4-1700305, “LS on Characteristics of terrestrial IMT systems for frequency sharing/interference analysis in the frequency range between 24.25 GHz and 86 GHz”, Ericsson LM

1
5

