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[bookmark: _Ref463014664]Introduction 
In RAN#80 a new SID for evaluation of 2 Rx exception for vehicle mounted UEs [1] was approved. The scope of the SID is to evaluate the impact of allowing 2Rx ports exception for NR vehicular UEs in a few specific NR bands such as n7, n38, n41, n77, n78 and n79 where NR UEs are mandated to be equipped with 4Rx ports as a baseline. For this reason, a technical report (TR 38.826) is under development to evaluate eventual performance impact when deploying 2Rx NR vehicular UEs. In [2] it was agreed that the TR study shall focus on the impact of 2Rx UEs on coverage in terms of cell edge performance.
In the last RAN4 #88bis meeting in Chengdu, a Way Forward (WF) on parameters for link budget evaluation was approved [3]. Among the others, it was noted that the interference margin shall change for different link budget analysis because in-car UEs would benefit from the protection provided by the penetration losses on the interfering signals. 
In this contribution we analyze the impact of penetration losses on the interference margin and finally propose a new value to be used in the link budget evaluations.
Discussion
In RAN4 #88bis the following parameters for link budget evaluation were approved [3]:
[image: ]

Interference margin (IM) values for 4Rx HHUE (Passenger Holding browsing) and 4Rx HHUE (Dash board) columns were changed in square brackets after it was noted that outdoor UEs are expected to get more co-channel interference compared to in-car UEs. In-car UEs signals, in fact, are subject to penetration losses defined in [4] as a log-normally distributed random variable with mean  and standard deviation . Such penetration losses apply both on the signal and on the interference, effectively providing a protection against co-channel interference. As a consequence, the margin to consider in the link budget to account for co-channel interference is expected to decrease when the UE is located inside a car.

Interference margin analysis 
The definition of the IM comes from the consideration that in a realistic setting, the effective noise power  is the linear sum of interference (e.g. co-channel interference) and thermal noise captured in the bandwidth used for the communication:
.
With some basic mathematics, it is possible to rewrite this term in logarithmic domain as:
,
where  represents the noise floor ( + NF) whereas  is the IM. In other words, IM represents the desensitization of the receiver due to interference I.
Observation: IM represents the desensitization of the receiver due to network interference
Based on the definition of the IM, it is immediate to notice that it is highly dependent on the interference power. The weaker the received interference, the smaller the IM.
From the parameters agreed in [3], the IM to consider for outdoor UEs is 3dB, that corresponds to a ratio I/N of 0dB. This means that interference and noise floor have the same power. However, if now we consider an in-car UE, the received interference power will decrease on average by 9dB due to penetration losses but at the same time the noise floor is not expected to change. This will result in a decrease of the IM to a value of ~0.5dB.
[bookmark: _Ref521514866]Proposal: Interference Margin shall be changed to 0.5dB for the in-car scenarios of 4Rx HHUE (Dash board) and 4Rx HHUE (Passenger holding browsing). The table in [3] that defines the parameters for link budget evaluation shall read now:
	　
	4Rx HHUE
(Outdoor browsing)
	4Rx HHUE
(Passenger Holding browsing)
	4Rx HHUE
(Dash board)
	2Rx VUE

	Antenna Configuration
	4Rx/2Tx
	4Rx/2Tx
	4Rx/2Tx
	2Rx/2Tx

	BS Antanna Gain1 [dBi]
	18
	18
	18
	18

	UE
Antenna
Gain
	Antenna system gain per element 2,5 [dBi]
	-7.5
	-7.5
	-4.5
	-3

	
	Penetration Loss3 [dB]
	0
	9
	9
	0

	
	Total [dB]
	-7.5
	-16.5
	-13.5
	-3

	Fading Margin [dB]
	[9]
	[9]
	[9]
	[9]

	Interference Margin [dB]
	3
	[3] 0.5
	[3] 0.5
	3

	DL
	BS Tx Power [dBm]
	46
	46
	46
	46

	
	UE REFSENS4 [dBm]
	-87.4
	-87.4
	-87.4
	-84.7

	Note 1. E/// proposed during AH.

Note 2. Antenna system gain per element = (ant. efficiency + directivity) + cable/Body Loss

Note 3. O2I car penetration loss is based on TR38.901 7.4.3.2

Note 4. 4 Rx REFSENS = 2 Rx REFSENS (TS38.101-1 Table 7.3.2-1) + ΔRIB,4R (TS38.101-1 Table 7.3.2-2)
Note 5: To be confirmed by feedback from 5GAA on definition of the term ‘baseline’ for vehicle antenna performance 



Conclusions
In this contribution we presented an overview of the interference margin and proposed a new value for in-car UEs IM in the context of link budget evaluation. 
Based on our considerations, we made the following observation and proposal:
Observation: IM represents the desensitization of the receiver due to network interference
Proposal: Interference Margin shall be changed to 0.5dB for the in-car scenarios of 4Rx HHUE (Dash board) and 4Rx HHUE (Passenger holding browsing). The table in [3] that defines the parameters for link budget evaluation shall read now:
	　
	4Rx HHUE
(Outdoor browsing)
	4Rx HHUE
(Passenger Holding browsing)
	4Rx HHUE
(Dash board)
	2Rx VUE

	Antenna Configuration
	4Rx/2Tx
	4Rx/2Tx
	4Rx/2Tx
	2Rx/2Tx

	BS Antanna Gain1 [dBi]
	18
	18
	18
	18

	UE
Antenna
Gain
	Antenna system gain per element 2,5 [dBi]
	-7.5
	-7.5
	-4.5
	-3

	
	Penetration Loss3 [dB]
	0
	9
	9
	0

	
	Total [dB]
	-7.5
	-16.5
	-13.5
	-3

	Fading Margin [dB]
	[9]
	[9]
	[9]
	[9]

	Interference Margin [dB]
	3
	[3] 0.5
	[3] 0.5
	3

	DL
	BS Tx Power [dBm]
	46
	46
	46
	46

	
	UE REFSENS4 [dBm]
	-87.4
	-87.4
	-87.4
	-84.7

	Note 1. E/// proposed during AH.

Note 2. Antenna system gain per element = (ant. efficiency + directivity) + cable/Body Loss

Note 3. O2I car penetration loss is based on TR38.901 7.4.3.2

Note 4. 4 Rx REFSENS = 2 Rx REFSENS (TS38.101-1 Table 7.3.2-1) + ΔRIB,4R (TS38.101-1 Table 7.3.2-2)
Note 5: To be confirmed by feedback from 5GAA on definition of the term ‘baseline’ for vehicle antenna performance 
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