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1. Introduction
In the previous RAN4 meetings, there are lots of discussions on the in-band blocking requirement for NR BS above 6GHz in the contribution. During the last RAN4#83 meeting, Way forward on NR BS blocking for mmWave operation was approved to further investigate this blocking requirement. Therefore in this contribution, we want to share some updated simulations results for further discussion. 
	· Identify appropriate methodology taking into account the Probability of blocking as 99% 

· Whether to consider joint probability of wanted signal and blocking signal is FFS 

· Consider wanted signal level while defining blocker interferer level 

· Consider receiver rejection capability in both first and second adjacent channels 

· Identify methods to define OTA value and directions 

· Investigate how to deal with analog and digital beamforming 

· After the blocking analysis, if the level is lower than the level we derive for ACS, then separate blocking levels may not be needed.  


2. Discussion  
According to the simulation assumptions agreed in the WP5D coexistence study, the simulation results of in-band blocking are obtained as shown in the following sections for all target scenarios. 

2.1 In-band blocking: Urban Macro
Table2.1-1. Simulation scenarios for in-band blocking evaluation 
	Aggressor 
	Victim 
	Operation frequency 
	Direction 
	Usage scenario
	Deployment Scenario

	NR, 200MHz
	NR, 200MHz
	30GHz
	UL to UL
	eMBB
	Urban Macro, ISD=200m

	NR, 200MHz
	NR, 200MHz
	30GHz
	UL to UL
	eMBB
	Urban Macro, ISD=300m


The simulation results are summarized the in the following Table2.1-2/3, which is basically aligned with results in the contribution [2][7]. The detailed simulation results can refer to the Annex 5.1. 

Table2.1-2. Summary of power level of in-band blocking signals [Single Probability]
	Case
	ISD
	 Deployment 
	Received Power@X%

 behind antenna array
	Received Power @Y%

behind antenna element

	
	
	
	99.99%
	99%
	99.99%
	99%

	1
	200m
	UMA, coordinated
	-40.1600dBm
	-61.9657dBm
	-53.8700dBm
	-68.0023dBm

	2
	200m
	UMA, uncoordinated
	-47.7804dBm
	-64.4564dBm
	-44.1849dBm
	-69.9599dBm

	3
	300m
	UMA, coordinated
	-42.5713dBm
	-64.8970dBm
	-53.0069dBm
	-67.7981dBm

	4
	300m
	UMA, uncoordinated
	-42.1885dBm
	-64.1107dBm
	-53.7760dBm
	-67.4322dBm


2.2 In-band blocking: Dense Urban
Table2.2-1. Simulation scenarios for in-band blocking evaluation

	Aggressor 
	Victim 
	Operation frequency 
	Direction 
	Usage scenario
	Deployment Scenario

	NR, 200MHz
	NR, 200MHz
	30GHz
	UL to UL
	eMBB
	Dense Urban scenario

	NR, 200MHz
	NR, 200MHz
	45GHz
	UL to UL
	eMBB
	Dense Urban scenario 

	NR, 200MHz
	NR, 200MHz
	70GHz
	UL to UL
	eMBB
	Dense Urban scenario 


The simulation results are summarized the in the following Table2.2-2/3 and detailed simulation results can refer to Annex 5.2. 
Table2.2-2. Summary of power level of in-band blocking signals[Single Probability]
	Case
	ISD
	 Deployment 
	Received Power@X%

 behind antenna array
	Received Power @Y%

behind antenna element

	
	
	
	99.99%
	99%
	99.99%
	99%

	1
	30GHz
	Dense Urban 
	-46.0678dBm
	-65.7905dBm
	-53.7349dBm
	-70.4324dBm

	2
	45GHz
	Dense Urban 
	-48.1098dBm
	-70.8800dBm
	-62.7825dBm
	-74.1360dBm

	3
	70GHz
	Dense Urban 
	-58.7394dBm
	-73.3836dBm
	-64.8925dBm
	-77.0421dBm


2.3 In-band blocking: Indoor hotspot
Table2.3-1. Simulation scenarios for in-band blocking evaluation

	Aggressor 
	Victim 
	Operation frequency 
	Direction 
	Usage scenario
	Deployment Scenario

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

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

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


The simulation results are summarized the in the following Table2.3-2/3 and detailed simulation results can refer to Annex 5.3. 
Table2.3-2. Summary of power level of in-band blocking signals [Single Probability]
	Case
	ISD
	 Deployment 
	Received Power@X%

 behind antenna array
	Received Power @Y%

behind antenna element

	
	
	
	99.99%
	99%
	99.99%
	99%

	1
	30GHz
	Indoor Hotspot 
	-55.1854dBm
	-62.2541dBm
	-59.5908dBm
	-70.3082dBm

	2
	45GHz
	Indoor Hotspot
	-52.2253dBm
	-65.2812dBm
	-67.1241dBm
	-76.1688dBm

	3
	70GHz
	Indoor Hotspot
	-54.3465dBm
	-65.6994dBm
	-66.5979dBm
	-76.3902dBm


Meanwhile, according to WF on BS blocking [4] and WF on mmWave ACLR and ACS [5], the conductive interfering signal power level of ACS requirement could be derived as following: 
Table 1. ACLR&ACS requirement of NR BS [5]
	BS
	30GHz
	45GHz
	70GHz

	ACLR
	28 
	26
	24 

	ACS
	24 
	23
	22

	NF
	10
	12
	14


ACS interfering signal level [dBm] = BS noise floor + NF + ACS + 4.7dB
                             = [-52.3dBm@30GHz, -53.3dBm@45GHz, -54.3dBm@70GHz]
Compared with the simulation results in the above Table 2.1-2/2.2-2/2.3-2, if assuming the probability of blocker as 99%, then the blocking signal levels in all scenarios will be much less the conductive ACS interfering signal level which means meaningless requirement for in-band blocking. Therefore we still propose to use 99.99% as probability for in-band blocking evaluation.  
Proposal 1:  to use 99.99% as probability for in-band blocking evaluation; 
In addition, the receiver filter will have better rejection performance on the IBB interfering signal compared with ACS interfering signal in general, for legacy E-UTRA BS with channel bandwidth larger than 5MHz, interfering signal level of IBB requirement is specified as -43dBm and interfering signal level of ACS requirement is specified as -52dBm which means filter rejection performance on second adjacent channel for IBB is required 9dB better than that on the first adjacent channel. For range2 NR BS, it’s also expected that that receiver rejection performance on the second adjacent channel is around 9dB better than that on the first adjacent channel. Therefore the expected IBB interfering signal level could be calculated as following: 
Conductive IBB interfering signal level [dBm] = [-43.3dBm@30GHz, -44.3dBm@45GHz, -45.3dBm@70GHz]
Meanwhile according to the SLS simulation results in the above Tables, it seems that the most stringent IBB signal level could be -40dBm which is very close to the value mentioned above. 
Observation 1: from both statistical and deterministic method for in-band blocking evaluation, the power level should be around -40dBm; 
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Figure2. Illustration of conductive interfering signal in NR BS [Macro BS]

In addition, as agreed in the previous meetings, this IBB requirement will be tested by OTA method in the anechoic chamber. The potential testing setup is that the in-band blocking signal is feed into from the peak direction of main beam, therefore it’s reasonable to define the in-band blocking in that direction. The transformed power level could be calculated as 

OTA IBB interfering signal power level=-40dBm-8-10*log10(8*16)-3=-72.0dBm
Proposal2: interfering signal power level of OTA IBB requirement for range2 NR BS should be -72.0dBm.
In addition, for in-band blocking requirement should also be clarified with specific configuration parameters for  wanted signal, wanted signal power level in IBB requirement could be assumed OTA REFSENS+6dB as starting point in high level for further discussion, however physical layer design in the RAN1 is not stable till now, therefore the FRC table for wanted signal cannot be determined. 
Proposal3: the wanted signal power level in IBB requirement could be assumed as OTA REFSENS+6dB as starting point. 
3. Conclusions
In this proposal, we shared some further considerations on the in-band blocking requirement of range2 NR BS and the proposals are made as following:
Observation 1: from both statistical and deterministic method for in-band blocking evaluation, the power level should be around -40dBm;
Proposal 1:  to use 99.99% as probability for in-band blocking evaluation; 
Proposal2: interfering signal power level of OTA IBB requirement for range2 NR BS should be -72.0dBm; 
Proposal3: the wanted signal power level in IBB requirement could be assumed as OTA REFSENS+6dB as starting point. 
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5. Annex
5.1.In band blocking: Urban Macro scenario 

Simulation results are shown in the following Figure1/2/3/4 in which the power received behind the antenna array and antenna element are both collected.
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Figure5.1-1. simulation results of coordinated scenario (ISD=200m)
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Figure5.1-2. simulation results for coordinated scenario(ISD=300m)
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Figure5.1-3. simulation results of uncoordinated scenario (ISD=200m)
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Figure5.1-4. simulation results of uncoordinated scenario (ISD=300m)

5.2.In band blocking: Dense Urban

Simulation results are shown in the following Figure1/2/3 in which the power received behind the antenna array and antenna element are both collected.
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Figure5.2-1. simulation results of dense urban scenario at 30GHz
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Figure5.2-2. simulation results for dense urban scenario at 45GHz
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Figure5.2-3. simulation results of uncoordinated scenario at 70GHz

5.3.In band blocking: Dense Urban

Simulation results are shown in the following Figure1/2/3 in which the power received behind the antenna array and antenna element are both collected.
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Figure1. simulation results of coordinated scenario at 30GHz
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Figure2. simulation results for coordinated scenario at 45GHz
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Figure3. simulation results of uncoordinated scenario at 70GHz
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