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1 Introduction
In RAN #80, new SI to allow 2 RX exception in Rel-15 vehicle mounted UE was approved[1]. In last RAN4#88 meeting, system impact of 2 Rx vehicle UE on 4 Rx mandated bands was extensively discussed. As a results, WF was approved including followings for coverage study[2].
· Coverage
· Coverage is more important than throughput: Agreed
· Proposal to remove throughput analysis 
· Coverage is based on link budget analysis : Agreed
· Parameters for link budget needs to be agreed in this meeting
· Values of antenna gain from 5GAA LS are used for coverage
· If other prominent antenna mount locations for 2Rx solutions need to be further considered, e.g. 5GAA can provide these
Based on WF, LS to give guidance to RAN4 was approved in last RAN plenary[3]. In this contribution, we provide our views based on coverage analysis between 4Rx HH UE and 2 Rx vehicle mounted UE.

2 Discussion 
Generally speaking, providing same cell coverage in both DL and UL side is ideal in cellular system and actual cell coverage is determined by minimum value of its DL and UL coverage, if there exist imbalance between DL and UL coverage. In practical system, cell coverage is mainly limited by UL, since BS doesn’t have any limitation except regional specific regulation on its Tx power whereas UE have strict limitation as shown in Table 1 for BS output power requirements in TS38.104.[4]
Table 1. BS type 1-C rated output power limits for BS classes (Table 6.2.1-1 in TS38.104)
	BS class
	Prated,c,AC

	Wide Area BS
	(Note)

	Medium Range BS
	≤ 38 dBm

	Local Area BS
	≤ 24 dBm

	NOTE:
There is no upper limit for the Prated,c,AC rated output power of the Wide Area Base Station.


Such UL coverage limitation issues were already identified in many existing contribution and more critical on high frequency bands including 3.5GHz bands which mandating 4Rx in 3GPP [5]-[9]. That is reason why 3GPP introduced Power Class 2 UE (a.k.a HPUE) in many high frequency bands.

Observation 1. Cell coverage should be minimum value of DL and UL coverage.

2.1 Link budget analysis

To identify cell coverage, we tried to use similar MCL(Maximum Coupling Loss) methodology for link budget analysis based on [10]. Such MCL is directly proportional to actual cell coverage. From [10], MCL is derived as follows for both DL and UL.
· UL MCL = UL Max Tx power - eNB Sensitivity
   = UE Tx power + UE Tx antenna gain - eNB Sensitivity + BS Rx antenna gain – Margin (Fading + Interference)
· DL MCL = DL Max Tx power - UE Sensitivity
   = BS Tx power + BS Tx antenna gain –UE sensitivity + UE Rx antenna gain – Margin (Fading + Interference)
For sensitivity values, we used n41 REFSENS requirements for 100 MHz defined in TS38.101-1 and 38.104 based on incoming LS [3] to support larger than 30 Mbps DL T-put. Using REFSENS values means that UE can achieve up to 34.064 Mbps of DL T-put at cell edge if 100 MHz CBW is used based on used FRC in [11]. In Table 2, we provide our link budget analysis for both DL/UL aspects.

	Table 2. MCL Analysis for n7/n41 (20MHz CBW)

　
	4Rx HHUE
(Outdoor)
	4Rx HHUE
(Passenger Holding)
	4Rx HHUE
(Dash board)
	2Rx VUE

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

	BS Antanna Gain1 [dB]
	13
	13
	13
	13

	UE
Antanna
Gain
	Antenna Gain2 [dB]
	-7
	-7
	-7
	-3

	
	Body Loss [dB]
	3
	3
	0
	0

	
	Penetration Loss3 [dB]
	0
	9
	9
	0

	
	Total [dB]
	-10
	-19
	-16
	-3

	Fading Margin [dB]
	9
	9
	9
	9

	Interference Margin [dB]
	3
	3
	3
	3

	DL
	BS Tx Power [dBm]
	46
	46
	46
	46

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

	
	MCLDL [dB]
	124.4
	115.4
	118.4
	128.7

	UL
	UE Tx Power [dBm]
	26
	26
	26
	26

	
	BS REFSENS5 [dBm]
	-95.3
	-95.3
	-95.3
	-95.3

	
	MCLUL [dB]
	112.3
	103.3
	106.3
	119.3

	MCL [dB]
	112.3
	103.3
	106.3
	119.3

	Note 1. 17dBi BS Antenna and 4 dB cable loss are assumed based on [12].
Note 2. UE Antenna Gain including cable loss is based on [13].
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. BS REFSENS is defined in TS38.104 Table 7.2.2-1


Based on MCL from link budget results, we can see followings;

Observation 2. 2 Rx VUE can provide larger MCL value than 4 Rx HH UE considering both DL/UL MCL.
2.2 Cell coverage analysis
To give insight for cell coverage, we tried to evaluate actual cell coverage from Table 2 results based on pathloss model defined in TR38.901 [14]. In Figure 1, our evaluation results for n41 are presented with relative cell coverage ratio which is normalized with 4Rx HHUE at outdoor.
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Figure 1. Evaluated n41 cell coverage based on pathloss model in TR38.901
From Figure 1, we can see that more than 50% of coverage gain than 4 Rx HHUE at outdoor can be foreseen if 2Rx VUE is introduced.

Observation 3. 2 Rx VUE can provide at least 50 % larger cell coverage than 4 Rx HH UE.
Lastly, we would like to point out that if UE antenna height is increased, actual cell coverage will be more increased for given same MCL value based on pathloss model and this situation is quite natural for VUE which typically use root-top mounted antenna. Considering 2 meter antenna height of VUE is assumed whereas HHUE assume 1.5 meter antenna height, up to 10% additional cell coverage enhancement can be achieved.
Based on all of our analysis, we propose that;

Proposal . No coverage issue is identified when introducing 2 Rx Vehicle UE in to 4 Rx mandated bands.

3 Conclusion
In this paper, we provide our views based on coverage analysis between 4Rx HH UE and 2 Rx vehicle mounted UE. Our observations and proposal are as follows;

Observation 1. Cell coverage should be minimum value of DL and UL coverage.

Observation 2. 2 Rx VUE can provide larger MCL value than 4 Rx HH UE considering both DL/UL MCL.

Observation 3. 2 Rx VUE can provide at least 50 % larger cell coverage than 4 Rx HH UE.

Proposal. No coverage issue is identified when introducing 2 Rx Vehicle UE in to 4 Rx mandated bands.
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