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[bookmark: _Ref463014664]Introduction
In this contribution we present a summary of the simulation results for the NR adjacent channel coexistence study. The simulation assumptions adopted are the latest agreed in RAN4 #81. Based on the obtained ACIR results, we make specific proposals for ACS and ACLR, considering both UE and BS. 
Discussion
Compared to our previous results (summarized in [2]), this paper contains updated data obtained based on the latest assumptions and considering fine tuning of parameters based on online and offline discussions with other companies. 
In the following subsections, we will first summarize the available test cases (section 2.1) and then present the corresponding simulation results (section 2.2). Finally, in section 2.3 we will make specific proposals for ACLR and ACS for both UE and BS.  
[bookmark: _Ref471293677]Test Cases
Compared to RAN4 #80bis, the main modification to the simulation assumptions is related to the urban macro case [1]. In particular, it was decided to have two scenarios, a baseline scenario with inter-site distance (ISD) equal to 200m, and an optional scenario with ISD=300m. For both cases, a 20% indoor/outdoor ratio is assumed for UEs. 
[bookmark: _Ref471291877]Table 1. Test cases for the NR adjacent channel coexistence study.
	No.
	Aggressor
	Victim
	Carrier Freq
	Direction
	Usage scenario
	Deployment Scenario

	1
	NR, 200MHz
	NR, 200MHz
	30 GHz
	DL to DL
	eMBB
	Indoor hotspot

	2a
	NR, 200MHz
	NR, 200MHz
	30 GHz
	DL to DL
	eMBB
	Urban macro - ISD = 200m

	2b
	NR, 200MHz
	NR, 200MHz
	30 GHz
	DL to DL
	eMBB
	Urban macro - ISD = 300m

	3
	NR, 200MHz
	NR, 200MHz
	30 GHz
	DL to DL
	eMBB
	Dense urban

	4
	NR, 200MHz
	NR, 200MHz
	30 GHz
	UL to UL
	eMBB
	Indoor hotspot

	5a
	NR, 200MHz
	NR, 200MHz
	30 GHz
	UL to UL
	eMBB
	Urban macro - ISD = 200m

	5b
	NR, 200MHz
	NR, 200MHz
	30 GHz
	UL to UL
	eMBB
	Urban macro - ISD = 300m

	6
	NR, 200MHz
	NR, 200MHz
	30 GHz
	UL to UL
	eMBB
	Dense urban

	7
	NR, 200MHz
	NR, 200MHz
	70 GHz
	DL to DL
	eMBB
	Indoor hotspot

	8
	NR, 200MHz
	NR, 200MHz
	70 GHz
	DL to DL
	eMBB
	Dense urban

	9
	NR, 200MHz
	NR, 200MHz
	70 GHz
	UL to UL
	eMBB
	Indoor hotspot

	10
	NR, 200MHz
	NR, 200MHz
	70 GHz
	UL to UL
	eMBB
	Dense urban

	11
	NR, 200MHz
	NR, 200MHz
	45 GHz
	DL to DL
	eMBB
	Indoor hotspot

	12
	NR, 200MHz
	NR, 200MHz
	45 GHz
	DL to DL
	eMBB
	Dense urban

	13
	NR, 200MHz
	NR, 200MHz
	45 GHz
	UL to UL
	eMBB
	Indoor hotspot

	14
	NR, 200MHz
	NR, 200MHz
	45 GHz
	UL to UL
	eMBB
	Dense urban


By considering the different carrier frequencies and the three deployment scenarios (indoor, urban macro and dense urban) a total of 14 test cases can be identified, as reported in Table 1. Test cases 2b and 5b are optional, simulation at 45GHz (i.e. scenarios 11 to 14) are also optional.
It is worth emphasizing that the three deployment models corresponds to different BS output power, in particular:
· Indoor  BS total Tx output power = 23dBm
· Dense urban  BS total Tx output power = 33dBm
· Urban macro  BS total Tx output power = 43dBm
Describing the full set of simulation assumptions is out of the scope of this document, the complete list of parameters will be found in latest version of TR 36 803 [3].
[bookmark: _Ref471293690]Summary Simulation Results
We ran a full study and the following contributions contain the detail set of results:
· [4] contains analysis for indoor scenarios, i.e. test cases 1, 4, 7, 9, 11 and 13. 
· [5] contains analysis for urban macro scenarios, i.e. test cases 2a, 2b, 5a and 5b. 
· [6] contains analysis for dense urban scenarios, i.e. test cases 3, 6, 8, 10, 12 and 14.
The results are grouped in three tables:
· Table 2 summarized the results at 30GHz, considering BS and UE noise figures of 9dB and 11dB. 
· Table 3 summarized the results at 70GHz, considering BS and UE noise figures of 11dB and 13dB. 
· Table 4 summarized the results at 45GHz, considering BS and UE noise figures of 13dB and 15dB. 
The results are presented in the last two columns and are expressed in terms of ACIR needed (in dB) to keep the mean and 5%-tile degradation due to ACI within 5%. 
[bookmark: _Ref471295634]Table 2. Summary of simulation results for 30GHz carrier frequency.
	30GHz

	No.
	Channel BW [MHz]
	Direction
	Deployment Scenario
	NF [dB]
	Mean
	5%-tile

	1
	200MHz
	DL to DL
	Indoor hotspot
	9
	16.18
	13.48

	
	
	
	
	11
	16.18
	13.48

	2a
	200MHz
	DL to DL
	Urban macro (ISD=200m)
	9
	12.33
	13.49

	
	
	
	
	11
	12.31
	13.16

	2b
	200MHz
	DL to DL
	Urban macro (ISD=300m)
	9
	12.47
	9.55

	
	
	
	
	11
	12.44
	9.15

	3
	200MHz
	DL to DL
	Dense urban
	9
	6.13
	10.33

	
	
	
	
	11
	5.8
	8.96

	4
	200MHz
	UL to UL
	Indoor hotspot
	9
	9.93
	13.18

	
	
	
	
	11
	8.96
	12.98

	5a
	200MHz
	UL to UL
	Urban macro (ISD=200m)
	9
	5.31
	12.22

	
	
	
	
	11
	4.19
	9.79

	5b
	200MHz
	UL to UL
	Urban macro (ISD=300m)
	9
	4.88
	13.79

	
	
	
	
	11
	3.82
	NA

	6
	200MHz
	UL to UL
	Dense urban
	9
	0
	9.91

	
	
	
	
	11
	0
	8.64



[bookmark: _Ref471295699]

Table 3. Summary of simulation results for 70GHz carrier frequency.
	70GHz

	No.
	Channel BW [MHz]
	Direction
	Deployment Scenario
	NF [dB]
	Mean
	5%-tile

	7
	200MHz
	DL to DL
	Indoor hotspot
	13
	16.39
	13.89

	
	
	
	
	15
	16.35
	13.91

	8
	200MHz
	DL to DL
	Dense urban
	13
	3.54
	NA

	
	
	
	
	15
	3.44
	NA

	9
	200MHz
	UL to UL
	Indoor hotspot
	13
	8.01
	12.77

	
	
	
	
	15
	6.78
	12.37

	10
	200MHz
	UL to UL
	Dense urban
	13
	0
	NA

	
	
	
	
	15
	0
	NA



[bookmark: _Ref471295713]Table 4. Summary of simulation results for 45GHz carrier frequency.
	45GHz

	No.
	Channel BW [MHz]
	Direction
	Deployment Scenario
	NF [dB]
	Mean
	5%-tile

	11
	200MHz
	DL to DL
	Indoor hotspot
	11
	16.49
	13.91

	
	
	
	
	13
	16.5
	13.91

	12
	200MHz
	DL to DL
	Dense urban
	11
	4.67
	3.19

	
	
	
	
	13
	4.38
	1.25

	13
	200MHz
	UL to UL
	Indoor hotspot
	11
	16.39
	13.89

	
	
	
	
	13
	16.35
	13.91

	14
	200MHz
	UL to UL
	Dense urban
	11
	0
	NA

	
	
	
	
	13
	0
	NA



If we focus on Table 2, i.e. the 30GHz results, the following observations can be made:
· The worst case DL ACIR, considering all test cases (different deployments and different noise figures) and both mean and 5%-tile criteria, is 16.18dB 
· The worst case UL ACIR, considering all test cases (different deployments and different noise figures) and both mean and 5%-tile criteria, is 13.79dB 
[bookmark: _Ref465965344]It is worth noticing that because of the complexity of the NR coexistence, same assumptions are subjected to slightly different implementations. In order to assess the confidence of our DL and UL proposals we also made a comparison with the average values obtained by taking to account data provided by all companies in the RAN4 email reflector. 
What we observed in general is the following:
· The ACIR results based on mean degradation are well aligned across companies. This means that the variance of results is low.
· The ACIR results based on 5%-tile degradation suffer larger variation. This is particularly true for the urban macro DL case. We believe this is due to different shadowing correlation implementation in case of co-located scenario.
Based on the above observations we propose to include some margin compared to our final results to account for the variability of the scenarios (co-located, non-collocated, different degree of correlations). Following our analysis of the data provided by different companies, higher margin is needed for the DL scenario, in particular to account for the variability of results in urban macro (note that urban macro is not present for the 45GHz and 70GHz cases). 
Proposal 1: The DL ACIR adopted to derive NR UE ACS and BS ACLR at 30GHz should be equal to 20dB.
Proposal 2: The UL ACIR adopted to derive NR UE ACLR and BS ACS at 30GHz should be equal to 15dB.
Based on our calculation, and considering the worst case across all scenarios, we see that the proposed values are within 0.5dB from the values obtained by averaging the results provided by all other companies. 
[bookmark: _Ref471293741]ACLR and ACS proposals
Given the proposed ACIR values the next step is to derive ACLR and ACS. In particular, from the DL ACIR the BS ACLR and the UE ACS can be derived, while UE ACLR and BS ACS are obtained from the UL ACIR. A specific way forward on how to determine ACLR and ACS from ACIR was agreed in [7]. The ACIR characterizes together aggressor transmitter and victim receiver imperfections through the following formula (values in linear scale):

As a consequence, the split between transmitter and receiver imperfections needs to be determined. Also, it is important to determine how to share the “pain” between BS and UE. In LTE, the decision was to move the burden on BS side, without sacrificing UE efficiency. This led to BS ACLR/ACS much tighter compared to UE BS/ACLR. At mmW, due to the components physical constraints, the available implementation margin between BS and UE is expected to be much lower compared to the below 6GHz implementation, therefore a re-evaluation of the burden split between BS and UE is required. 
For the DL an equal splitting seems to be a reasonable approach. In other words, the same amount of “pain” can be distributed between to BS Tx and UE Rx. This means that, given the proposed DL ACIR of 20dB, BS ACLR and UE ACS need to be equal to 23dB.
For the UL case, we believe that the split should be still in favor of helping efficient UE implementation. In particular, few dB difference in UE ACLR can greatly improve the overall power efficiency (as we show in [8]), without sacrificing BS receiver implementation. Based on this observation, and considering our proposed UL ACIR value of 15dB, we propose to set UE ACLR to 16dB. It is worth noticing that even with this ACLR value, the required BS ACS is 21.9dB, which is still lower than the proposed UE ACS. To make the requirement symmetric with UE, we propose to align UE and BS ACS, i.e. to define BS ACS equal to 23dB.
The proposed ACLR and ACS for 30GHz scenarios are summarized in Table 5.
[bookmark: _Ref471311647]Table 5. Proposed ACLR and ACS for 30GHz carrier frequency.
	
	ACLR [dB]
	ACS [dB]

	BS
	23
	23

	UE
	16
	23



Proposal 3: To adopt the following ACLR and ACS values for 30GHz scenarios:
· BS ACLR equal to 23dB
· BS ACS equal to 23dB
· UE ACLR equal to 16dB
· UE ACS equal to 23dB
To support the proposed values, in [8] and [9] we also carried out a detailed analysis on UE ACLR and ACS feasibility, respectively.
[bookmark: _GoBack]Some final comments are needed regarding the 70GHz and 45GHz deployments. In general, we observed very similar simulation results compared to the 30GHz case. As already noted, the margin compared to the actual results was mainly added to account for variability in the urban macro case. Since for 45GHz and 70GHz the urban macro is not a meaningful scenario, the proposed ACIR values, and consequently ACLR and ACS values in Table 5, can be relaxed. 
Observation 1: For 45GHz and 70GHz scenarios, the ACLR and ACS values can be relaxed compared to the ones specified for the 30GHz case.
Conclusions
In this contribution we summarized the full set of simulation results for the NR adjacent channel coexistence study. Based on the analysis of a very wide range of test cases, we made the following proposals and observations: 
Proposal 1: The DL ACIR adopted to derive NR UE ACS and BS ACLR at 30GHz should be equal to 20dB.
Proposal 2: The UL ACIR adopted to derive NR UE ACLR and BS ACS at 30GHz should be equal to 15dB.
Proposal 3: To adopt the following ACLR and ACS values for 30GHz scenarios:
· BS ACLR equal to 23dB
· BS ACS equal to 23dB
· UE ACLR equal to 16dB
· UE ACS equal to 23dB
Observation 1: For 45GHz and 70GHz scenarios, the ACLR and ACS values can be relaxed compared to the ones specified for the 30GHz case.
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