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1 Introduction

In last RAN4 #82bis meeting, BS in-band blocking requirements for mmWave bands were intensely discussed, and a methodology for an OTA interfere level was proposed in [2][3]. The WF [1] was approved to agree that
· Two possibilities for the blocking probability have been considered:

· 99.99%, corresponding to 0.01% loss of TTIs due to blocking

· 99%, corresponding to 1% loss of TTIs due to blocking

· Justification why the probability and associated TTI loss selected is appropriate should be agreed, so that a consensus on whether to use 99% or 99.99% can be achieved.

· To make a final decision on blocking, the OTA blocking level, desensitization and absolute OTA reference sensitivity will all need to be considered.

· For setting an OTA blocking requirement, methods to derive an OTA level need to be considered further, e.g. considering omnidirectional pattern, omnidirectional pattern based on the highest power UE as discussed in this meeting or other proposals.

· The OTA blocking requirement should be checked that it is not over/under dimensioned for different deployment scenarios or BS architectures.

Based on this WF and the methodology in [3], this contribution will provide further analysis and simulation results for the in-band blocking. Of which, mainly two issues were discussed in this contribution.
1. Architectures for the receiver-> To analyze the possible architectures and the bottleneck point for receiver in-band blocking.

2. Statistics for the array and element gain-> To consider how to transform the in-band blocking results derived in the simulation to the OTA requirement by considering omni-directional pattern e.g.

At last, simulation results for in-band blocking were provided by considering both 99% and 99.99% probabilities. 

2 Architecture for the receiver
Figure 2-1 shows two possible architectures for the receiver for NR in mmWave bands. Note that the beam pattern in the figure is a meaning sketch which represents the pattern to be considered for interferers that impact on the RF chain.
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Figure 2-1: Architectures for the receiver

High power interferers are usually associated with generating problems in the RF parts of the system, LNA, mixer, ADC etc. From the figure, it can be obtained that for architecture a), the Rx is connected to a single element or sub-array, then the blocking could happen at LNA, mixer or ADC after the antenna element. While for architecture b) the Rx is connected to the array, so the blocking could happen at mixer or ADC after the antenna element and array rather than LNA.

Observation 1: Interferers will be counted in two ways based on the corresponding architectures for BS. One is by using element pattern and gain; another is by using array+element pattern and gain.  

3 BS In-band blocking simulation
Simulations are based on the assumptions adopted in WP5D SI in TR 38.803. Considering the worst case for in-band blocking, only urban macro scenario is deployed in the simulation. Note that coordinated and uncoordinated deployment are both considered.

Table 3-1: Simulation scenario for BS In-band blocking

	No.
	Aggressor
	Victim
	Simulation frequency
	Direction
	Usage scenario
	Deployment Scenario

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

	5A
	NR, 200MHz
	NR, 200MHz
	30 GHz
	UL to UL
	eMBB
	Urban macro, 300m ISD


The BS blocking results for urban macro scenario could be found in the following figures.
[image: image3.emf]-66.7dBm,

@99%

-45.78dBm, 

@99.99%

-59.70dBm, 

@99%

-42.09dBm, 

@99.99%

0

10

20

30

40

50

60

70

80

90

100

-150 -130 -110 -90 -70 -50 -30

CDF [%]

Received power [dBm]

UMA BS Blocking results, Power  received  after the antenna array 

ISD=300m, uncoordinate

ISD=300m, coordinate

[image: image4.emf]-68.39dBm, 

@99%

-50.48dBm, 

@99.99%

-62.20dBm, 

@99%

-43.21dBm, 

@99.99%

0

10

20

30

40

50

60

70

80

90

100

-150 -130 -110 -90 -70 -50 -30

CDF [%]

Received power [dBm]

UMA BS Blocking results, Power  received  after the antenna array 

ISD=200m, uncoordinate

ISD=200m, coordinate


Figure 3-1: CDF of the total received power after the antenna array at the own system (200MHz) from all the other terminals in urban macro scenario
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Figure 3-2: CDF of the total received power after the antenna element at the own system (200MHz) from all the other terminals in urban macro scenario

Figure 3-1 and 3-2 show CDF of total received power subject to the array+element or element at the own system (200MHz) from the adjacent system terminals by different layout and deployment parameters. The received highest power levels at 99.99% and 99% probabilities marked in the figures are summarized in the following table. 
Table 3-2: Blocking level obtained from simulation results

	Case
	Simulation frequency
	Deployment Scenario
	Multi-operator deployment
	Highest received power after array [dBm] @99%
	Highest received power after array [dBm] @99.99%
	Highest received power after element [dBm] @99%
	Highest received power after element [dBm] @99.99%

	1
	30 GHz
	Urban macro 200m ISD
	Coordinate
	-62.20
	-43.21
	-67.46
	-56.63

	2
	30 GHz
	Urban macro 200m ISD
	Uncoordinate
	-68.39
	-50.48
	-73.01
	-57.63

	3
	30 GHz
	Urban macro 300m ISD
	Coordinate
	-59.70
	-42.09
	-66.22
	-58.16

	4
	30 GHz
	Urban macro 300m ISD
	Uncoordinate
	-66.70
	-45.78
	-69.93
	-54.32


4 Array and element gain statistic

It is obvious that the conducted blocking requirements achieved according to the observation 1 will depend on the patterns and gains used for the interferers’ calculation. However, it is not reasonable and nonsensical to have a blocking requirement which changes based on the BS implementation. Hence the remaining issue is to transform the conduct blocking levels to the OTA powers. The OTA power will be specified at the antenna port (using an omni-directional pattern with 0dB gain) as suggested in the WF [1] which can express as

OTA power = conducted power - array gain - element gain.

Or

OTA power = conducted power - element gain

A simple way to do the transforming from conducted power to OTA power is using the maximum array or element gain for BS. However, it seems not quite reasonable to use the maximum gain because BS may not boresight straight to the interfering UE. From the reality point of view, the specific array or element gain for calculating OTA power should be also obtained from the simulation, i.e. to use the actual array or element gain at 99.99% probability point in the CDF figure derived from the simulation. By considering the worst case and also avoiding the individual case, the array or element gain is calculated as the average for the BS gain for the total blocking cases in upper 0.01% and 1% probabilities respectively.
Table 4-1: Array and element gain calculation in the blocking results

	Case
	Simulation frequency
	Deployment Scenario
	Multi-operator deployment
	Array+element Gain (average in upper 1% CDF)
	Array+element Gain (average in upper0.01% CDF)
	Element Gain (average in upper 1% CDF)
	Element Gain (average in  upper 0.01% CDF)

	1
	30 GHz
	Urban macro 200m ISD
	Coordinate
	20.28
	26.17
	5.58
	5.89

	2
	30 GHz
	Urban macro 200m ISD
	Uncoordinate
	20.75
	23.04
	5.24
	4.47

	3
	30 GHz
	Urban macro 300m ISD
	Coordinate
	20.65
	26.04
	6.06
	6.50

	4
	30 GHz
	Urban macro 300m ISD
	Uncoordinate
	20.23
	24.86
	5.39
	5.31


5 OTA requirement for in-band blocking

Following the OTA power function mentioned above and apply for the data in table 3-2 and 4-1 correspondingly, then the final OTA powers derived by using array+element gain and element gain can be obtained in the following table. 

Table 5-1: OTA powers by considering array+element gain and element gain
	Case
	Simulation frequency
	Deployment Scenario
	Multi-operator deployment
	OTA power derived by array+element @99%
	OTA power derived by array+element @99.99%
	OTA power derived by element @99%
	OTA power derived by element @99.99%

	1
	30 GHz
	Urban macro 200m ISD
	Coordinate
	-82.48
	-69.38
	-73.04
	-62.52

	2
	30 GHz
	Urban macro 200m ISD
	Uncoordinate
	-89.14
	-73.52
	-78.25
	-62.1

	3
	30 GHz
	Urban macro 300m ISD
	Coordinate
	-80.35
	-68.13
	-72.28
	-64.66

	4
	30 GHz
	Urban macro 300m ISD
	Uncoordinate
	-86.93
	-70.64
	-75.32
	-59.63


According to the discussion for receiver architecture in section 2, it can be obtained that the equivalent OTA requirement derived by using array+element gain or element gain varies with the receiver architectures. In order to compare the OTA powers more specially, the probability for blocking statistic should be fixed and applicable for total scenarios. Then we intend to reuse the probability of 99.99% for the blocking statistic. Furthermore, since the impact of blocking on the devices in the Rx channel, e.g. LNA, mixer, ADC, etc., are mainly due to the equivalently conductive blocking levels from implementation point of view, the OTA limit based on the worst conducted blocking power  (-42.09dBm marked in red in table 3-2) should be considered in defining the blocking requirement, which is obtained in the simulation using array+element gain.Thus,, it is proposed to specify the OTA requirement as -69dBm based on simulation using array+element gain, i.e. considering single Rx with connection to full array.   

Proposal 1: The probability of 99.99% shall be reused for the blocking statistic.
Proposal 2: Specify the OTA requirement as -69dBm based on simulation using array+element gain, i.e. considering single Rx with connection to full array.
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