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1. Introduction
In the last RAN4 meeting, companies agreed to provide and discuss simulation results as well as feasible BS/UE ACLR/ACS (in terms of implementation) for 5G NR co-existence study, based on which the final values of BS/UE ACLR/ACS will be determined as the response to ITU-R WP5D [1]. 
In this contribution, we will discuss the suitable values based on some researches of mm-wave hardware and coexistence simulation results which can be found in our contemporary papers [2-4].
2. Summary of simulation results
2.1 30GHz
With 30GHz carrier frequency, co-existence results for DL and UL from [2-4] are reproduced in table1a and 1b, respectively. It can be observed that, by taking different scenarios and NFs into account, 25dB ACIR is needed to meet the throughput loss requirements for both DL and UL.
Table 1a ACIR vs. Throughput loss for DL
	Scenarios
	NF (dB)
	Metric
	ACIR (dB)

	
	
	
	5
	10
	15
	20
	25
	30
	35
	40

	UMa
	9
	Throughput loss (average)
	13.92
	8.60
	5.06
	2.78
	1.39
	0.64
	0.28
	0.10

	
	
	Throughput loss (5%-tile)
	40.53
	28.12
	14.33
	5.50
	1.15
	0.002
	7E-04
	2E-04

	
	11
	Throughput loss (average)
	13.88
	8.58
	5.05
	2.78
	1.39
	0.64
	0.28
	0.11

	
	
	Throughput loss (5%-tile)
	44.53
	30.76
	20.46
	7.24
	4.33
	1.49
	0.62
	0.04

	UMi
	9
	Throughput loss (average)
	8.86
	5.05
	2.73
	1.39
	0.66
	0.31
	0.13
	0.05

	
	
	Throughput loss (5%-tile)
	21.6
	11.6
	3.62
	1.9
	0.37
	0.12
	0.04
	0.01

	
	11
	Throughput loss (average)
	8.68
	4.93
	2.68
	1.36
	0.65
	0.3
	0.13
	0.05

	
	
	Throughput loss (5%-tile)
	23.1
	9.78
	2.97
	0.4
	0.13
	0.03
	0
	0

	InH
	9
	Throughput loss (average)
	17.7
	10.2
	5.26
	2.36
	0.88
	0.28
	0.1
	0.03

	
	
	Throughput loss (5%-tile)
	26.7
	7.82
	3.32
	0.34
	0.04
	0.01
	0
	0

	
	11
	Throughput loss (average)
	17.7
	10.2
	5.26
	2.36
	0.88
	0.29
	0.1
	0.03

	
	
	Throughput loss (5%-tile)
	26.7
	7.83
	3.32
	0.34
	0.04
	0.01
	0
	0


 Table 1b ACIR vs. Throughput loss for UL

	Scenarios
	NF (dB)
	Metric
	ACIR (dB)

	
	
	
	5
	10
	15
	20
	25
	30
	35
	40

	UMa
	9
	Throughput loss (average)
	8.15
	4.67
	2.52
	1.29
	0.62
	0.27
	0.11
	0.04

	
	
	Throughput loss (5%-tile)
	55.93
	28.89
	15
	3.36
	0.05
	0.02
	0
	0

	
	11
	Throughput loss (average)
	7.23
	4.06
	2.15
	1.08
	0.51
	0.22
	0.08
	0.03

	
	
	Throughput loss (5%-tile)
	47.3
	23.9
	10.5
	8.84
	2.01
	0
	0
	0

	UMi
	9
	Throughput loss (average)
	4.28
	2.25
	1.11
	0.51
	0.22
	0.08
	0.03
	0.01

	
	
	Throughput loss (5%-tile)
	22.6
	14.6
	6.24
	0.96
	0.3
	0.09
	0.03
	0.01

	
	11
	Throughput loss (average)
	3.65
	1.88
	0.91
	0.41
	0.17
	0.06
	0.02
	0.01

	
	
	Throughput loss (5%-tile)
	18.5
	9.97
	4.12
	0.23
	0.05
	0.01
	0
	0

	InH
	9
	Throughput loss (average)
	7.88
	3.75
	1.58
	0.6
	0.22
	0.07
	0.02
	0.01

	
	
	Throughput loss (5%-tile)
	22.1
	4.11
	1.26
	0.25
	0.03
	0.01
	0
	0

	
	11
	Throughput loss (average)
	6.76
	3.09
	1.26
	0.47
	0.16
	0.05
	0.02
	0.01

	
	
	Throughput loss (5%-tile)
	21.3
	3.9
	1.18
	0.24
	0.03
	0.01
	0
	0


Observation 1: For frequency bands around 30GHz, after taking different scenarios and NFs into account, 25dB ACIR is needed to meet the throughput loss requirements for both DL and UL.
2.2 45 GHz
With 45GHz carrier frequency, co-existence results for DL and UL from [2-4] are reproduced in table2a and 2b, respectively. For DL, by taking different scenarios and NFs into account, 20dB ACIR is needed to meet the throughput loss requirements. However, for UL, the metric of 5%-tile throughput loss couldn’t be observed except for indoor hotspot scenario. As 5%-tile throughput loss is an integral part of co-existence study, the ACIR values would be meaningless without this metric. Hence, more discussion is needed to decide the required ACIR value for UL.   
Table 2a ACIR vs. Throughput loss for DL

	Scenarios
	NF (dB)
	Metric
	ACIR (dB)

	
	
	
	5
	10
	15
	20
	25
	30
	35
	40

	UMa
	11
	Throughput loss (average)
	13.79
	8.53
	5.03
	2.77
	1.38
	0.63
	0.28
	0.108

	
	
	Throughput loss (5%-tile)
	40.71
	21.08
	9.57
	2.44
	0.02
	0.008
	0.002
	8E-04

	
	13
	Throughput loss (average)
	13.74
	8.50
	5.01
	2.76
	1.38
	0.63
	0.28
	0.107

	
	
	Throughput loss (5%-tile)
	39.3
	16.23
	5.28
	0.27
	0.01
	0.004
	0.001
	4E-04

	UMi
	11
	Throughput loss (average)
	8.16
	4.57
	2.41
	1.17
	0.52
	0.21
	0.08
	0.03

	
	
	Throughput loss (5%-tile)
	15.5
	2.82
	0.01
	0
	0
	0
	0
	0

	
	13
	Throughput loss (average)
	7.98
	4.45
	2.34
	1.14
	0.49
	0.2
	0.07
	0.03

	
	
	Throughput loss (5%-tile)
	7.46
	0.02
	0.01
	0
	0
	0
	0
	0

	InH
	11
	Throughput loss (average)
	8.17
	4.48
	2.24
	0.97
	0.32
	0.08
	0.03
	0.01

	
	
	Throughput loss (5%-tile)
	27.9
	10.4
	2.44
	1.46
	0.74
	0.05
	0.02
	0

	
	13
	Throughput loss (average)
	8.19
	4.49
	2.25
	0.98
	0.32
	0.08
	0.03
	0.01

	
	
	Throughput loss (5%-tile)
	27.9
	10.4
	2.44
	1.46
	0.74
	0.05
	0.02
	0


 Table 2b ACIR vs. Throughput loss for UL

	Scenarios
	NF (dB)
	Metric
	ACIR (dB)

	
	
	
	5
	10
	15
	20
	25
	30
	35
	40

	UMa
	11
	Throughput loss (average)
	6.932
	3.869
	2.039
	1.014
	0.47
	0.197
	0.074
	0.025

	
	
	Throughput loss (5%-tile)
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	
	13
	Throughput loss (average)
	6.09
	3.328
	1.722
	0.843
	0.381
	0.154
	0.056
	0.019

	
	
	Throughput loss (5%-tile)
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	UMi
	11
	Throughput loss (average)
	3.67
	2.03
	1.05
	0.5
	0.21
	0.08
	0.03
	0.01

	
	
	Throughput loss (5%-tile)
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	
	13
	Throughput loss (average)
	3.17
	1.73
	0.88
	0.41
	0.16
	0.06
	0.02
	0.01

	
	
	Throughput loss (5%-tile)
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	InH
	11
	Throughput loss (average)
	3
	1.38
	0.57
	0.21
	0.07
	0.02
	0.01
	0

	
	
	Throughput loss (5%-tile)
	20.5
	8.12
	1.7
	0.8
	0.03
	0
	0
	0

	
	13
	Throughput loss (average)
	2.51
	1.11
	0.44
	0.16
	0.05
	0.02
	0.01
	0

	
	
	Throughput loss (5%-tile)
	18.3
	6.99
	1.44
	0.67
	0.03
	0
	0
	0


Observation 2: For frequency bands around 45GHz, after taking different scenarios and NFs into account, 20dB ACIR is needed to meet the throughput loss requirements for DL, while more discussion is needed for UL.
2.3 70 GHz
With 70GHz carrier frequency, co-existence results for DL and UL from [2-4] are reproduced in table2a and 2b, respectively. In such a high frequency, it can be found that in dense urban scenario, the 5%-tile metric cannot be observed even for DL, while for UL, again this metric can only be observed in indoor hotspot scenario. For the same reason, some more discussions needed before the decisions are made in this frequency range.  
Table 3a ACIR vs. Throughput loss for DL

	Scenarios
	NF (dB)
	Metric
	ACIR (dB)

	
	
	
	5
	10
	15
	20
	25
	30
	35
	40

	UMa
	13
	Throughput loss (average)
	13.7
	8.48
	5.001
	2.769
	1.391
	0.636
	0.287
	0.11

	
	
	Throughput loss (5%-tile)
	39.3
	16.23
	5.282
	0.27
	0.013
	0.004
	0.001
	4E-04

	
	15
	Throughput loss (average)
	13.61
	8.426
	4.968
	2.75
	1.383
	0.635
	0.286
	0.112

	
	
	Throughput loss (5%-tile)
	30.37
	5.201
	2.05
	0.668
	0.213
	0.068
	0.021
	0.007

	UMi
	13
	Throughput loss (average)
	7.29
	4
	2.06
	1.02
	0.45
	0.18
	0.06
	0.02

	
	
	Throughput loss (5%-tile)
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	
	15
	Throughput loss (average)
	7.13
	3.92
	2.01
	0.99
	0.44
	0.17
	0.06
	0.02

	
	
	Throughput loss (5%-tile)
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	InH
	13
	Throughput loss (average)
	8.5
	4.7
	2.33
	1
	0.36
	0.08
	0.02
	0.01

	
	
	Throughput loss (5%-tile)
	27.3
	13.8
	3.22
	0.14
	0.1
	0.01
	0
	0

	
	15
	Throughput loss (average)
	8.52
	4.73
	2.34
	1.02
	0.37
	0.09
	0.02
	0.01

	
	
	Throughput loss (5%-tile)
	27.2
	13.8
	3.19
	0.14
	0.08
	0.01
	0
	0


 Table 3b ACIR vs. Throughput loss for UL

	Scenarios
	NF (dB)
	Metric
	ACIR (dB)

	
	
	
	5
	10
	15
	20
	25
	30
	35
	40

	UMa
	13
	Throughput loss (average)
	5.631
	3.027
	1.539
	0.739
	0.328
	0.132
	0.047
	0.016

	
	
	Throughput loss (5%-tile)
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	
	15
	Throughput loss (average)
	4.888
	2.572
	1.287
	0.605
	0.26
	0.1
	0.035
	0.011

	
	
	Throughput loss (5%-tile)
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	UMi
	13
	Throughput loss (average)
	2.6
	1.46
	0.75
	0.34
	0.13
	0.05
	0.02
	0

	
	
	Throughput loss (5%-tile)
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	
	15
	Throughput loss (average)
	2.27
	1.26
	0.63
	0.27
	0.1
	0.03
	0.01
	0

	
	
	Throughput loss (5%-tile)
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	InH
	13
	Throughput loss (average)
	2.32
	1.01
	0.4
	0.15
	0.05
	0.02
	0.01
	0

	
	
	Throughput loss (5%-tile)
	13.3
	4.93
	0.55
	0.46
	0.14
	0
	0
	0

	
	15
	Throughput loss (average)
	1.91
	0.8
	0.31
	0.11
	0.04
	0.01
	0
	0

	
	
	Throughput loss (5%-tile)
	11.4
	4.07
	0.44
	0.36
	0.11
	0
	0
	0


Observation 3: For frequency bands around 70GHz, 5%-tile throughput loss cannot be observed in urban macro (UL) and dense urban (DL and UL) scenarios, so more discussions are needed before the ACIR values are decided for this frequency range. 
3. Discussion
3.1 PA feasibility
The research has been done on a power amplifier working at 28 GHz, as shown in table 4 below. 
Table 4 Research data of PA working on 28GHz
	Working bandwidth (MHz)
	Power reduction (dB)
	Output power (dBm)
	ACLR (dB)

	80
	8
	28.8
	31

	240
	9
	28
	31

	480
	11
	25.7
	33


Assuming 5dB [5] PA-post insertion loss, which contributes to 23dBm output power of the UE, and 3dB implementation margin for UE ACLR, then it seems possible to achieve 28dB UE ACLR with 200MHz bandwidth in 30GHz. For BS, the PA data above might not be suitable as higher output power is needed for urban macro and dense urban scenarios, which means more severe challenges to the products. However, it should be noticed that the above data only indicates the feature of the PA, other advanced techniques like DPD should be considered for a real BS which could help to promote its performance. 
3.2 Response to WP5D

As can be seen in section 2.1, in 30GHz frequency range, 25dB ACIR could fulfil the 5% throughput loss (average & 5%-tile) requirements for UL. Considering the UE ACLR for 30GHz is possible to achieve, then no less than 28dB BS ACS should be enough according to the equation:

ACIR = 1 / [(1/ACLR) + (1/ACS)]
Observation 4: In 30GHz frequency range, 28dB UE ACLR is feasible and enough to meet the co-existence requirements.  
Proposal 1: To consider 28dB UE ACLR as the response to WP5D in terms of 30GHz frequency range. 

When it comes to 45GHz and 70GHz, worse hardware performance could be expected with state of the art technologies (lower ACLR/ACS). While according to the simulation results, the required ACIR seems to be less as the increasing of the frequency. Hence, even though the performance of the feasible hardware might suffer from such high frequencies in terms of ACLR and ACS, it still possible to meet the co-existence requirements. 
Observation 5: Even though the performance of the feasible hardware might suffer from such high frequencies (45GHz and 70GHz) in terms of ACLR and ACS, it still possible to meet the co-existence requirements with state of the art technologies.
4. Summary
In this paper, co-existence simulation results for all the frequency ranges and scenarios as well as some research data about PA that working at 28GHz were discussed, based on which we have the following observations and proposal.
Observation 1: For frequency bands around 30GHz, after taking different scenarios and NFs into account, 25dB ACIR is needed to meet the throughput loss requirements for both DL and UL.

Observation 2: For frequency bands around 45GHz, after taking different scenarios and NFs into account, 20dB ACIR is needed to meet the throughput loss requirements for DL, while more discussion is needed for UL.
Observation 3: For frequency bands around 70GHz, 5%-tile throughput loss cannot be observed in urban macro (UL) and dense urban (DL and UL) scenarios, so more discussions are needed before the ACIR values are decided for this frequency range.
Observation 4: In 30GHz frequency range, 28dB UE ACLR is feasible and enough to meet the co-existence requirements.  
Observation 5: Even though the performance of the feasible hardware might suffer from such high frequencies (45GHz and 70GHz) in terms of ACLR and ACS, it still possible to meet the co-existence requirements with state of the art technologies.
Proposal 1: To consider 28dB UE ACLR as the response to WP5D in terms of 30GHz frequency range. 
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