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In this paper, we provide our view on Tx RF requirements in FR2-2. 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Discussion 
In last RAN4 meeting, some WFs were made for NR_ext_to_71GHz. We would like to discuss UE transmit power for handheld and vehicular UE based on WF [1].
The related agreements in WF are captured.
	· Handheld UE antenna array number of elements assumption
· Agreement:
· Commercial FR2-1 antenna module physical dimension can be treated as the feasible FR2-2 antenna module dimension.
· Commercial FR2-1 antenna module is equipped with 1x4 or 2x2 antenna elements
· Address the concerns related to the following identified factors into the next meeting
· Vehicular UE antenna array assumption
· Agreement based on the majority of companies
· Option 1: Vehicular array size is equal to or larger than the handheld
· FWA UE antenna array assumption
· Agreement: If a single power class is defined for FWA in Rel-17, the number of antenna element assumption is anywhere in the range between 32 and 64 elements 




Table 2.1 and Table 2.2 summarize the UE minimum peak EIRP and the spherical coverage’s EIRP which correspond to  power class 1, 2, 3, 4 and 5 in FR2-1.
Table 2.1: UE minimum peak EIRP for Power Class 1,2,3,4 and 5 in FR2-1
	Operating band
	Frequency
	Min peak EIRP (dBm)

	
	
	PC1
	PC2
	PC3
	PC4
	PC5

	n257
	28GHz(26500MHz – 29500MHz)
	40.0
	29
	22.4
	34
	30

	n258 
	24GHz(24250MHz – 27500MHz)
	40.0
	29
	22.4
	34
	30.4

	n259 
	39GHz(39500MHz – 43500MHz)
	
	
	18.7
	
	27.7

	n260 
	39GHz(37000MHz – 40000MHz)
	38.0
	
	20.6
	31
	

	n261 
	28GHz(27500MHz – 28350MHz)
	40.0
	29
	22.4
	34
	

	n262 
	47GHz(47200MHz – 48200MHz)
	34.2
	22.9
	16.0
	28.3
	



Table 2.2: UE spherical coverage for Power Class 1,2,3,4 and 5 in FR2-1
	Operating band
	Min EIRP at X %-tile CDF (dBm)

	
	PC1
	PC2
	PC3
	PC4
	PC5

	
	X = 85
	X = 60
	X = 50
	X = 20
	X = 85

	n257 
	32.0
	18.0
	11.5
	25
	22

	n258 
	32.0
	18.0
	11.5
	25
	22.4

	n259 
	
	
	5.8
	
	19.7

	n260 
	30.0
	
	8
	19
	

	n261 
	32.0
	18.0
	11.5
	25
	

	n262 
	26.0
	11.0
	2.9
	16.2
	



Table 2.3 summarize the difference between the minimum peak EIRP and spherical coverage’s EIRP which correspond to each X%-tile for power class.
Table 2.3: Difference between the minimum peak EIRP and EIRP at X%-tile CDF for Power Class 1,2,3,4 and 5 in FR2-1
	Operating band
	Difference between minimum peak EIRP and EIRP at X%-tile CDF (dB)

	
	PC1
	PC2
	PC3
	PC4
	PC5

	
	X = 85
	X = 60
	X = 50
	X = 20
	X = 85

	n257 
	8.0
	11.0
	10.9
	9.0
	8.0

	n258 
	8.0
	11.0
	10.9
	9.0
	8.0

	n259 
	
	
	12.9
	
	8.0

	n260 
	8.0
	
	12.9
	12.0
	

	n261 
	8.0
	11.0
	10.9
	9.0
	

	n262 
	8.2
	11.9
	13.1
	12.1
	



For handheld UE, considering the commercial FR2-1 antenna module physical dimension and the equipped antenna elements, 8 antenna elements is possible for FR2-2.
For minimum peak EIRP, 14.7dBm for 8 antenna elements is analyzed as seen in Table 2.4. Here, antenna roll-off loss vs frequency is assumed with -2.5dB considering wide frequency range of 57000MHz~71000MHz of n263. 
Table 2.4: UE minimum peak EIRP for handheld UE in FR2-2
	Parameter
	Unit
	Value

	Antenna element number per polarization
	
	8

	Avg. element gain per polarization
	dBi
	4.6

	Antenna roll-off loss vs frequency
	dB
	-2.5

	Polarization gain
	dB
	2.5

	Array gain
	dB
	9.03

	Total realized antenna gain
	dBi
	13.63

	Pout(per element) 
	dBm
	2

	Array gain
	dB
	9.03

	Total conducted Power (per polar) 
	dBm
	11.03

	Total IM Loss 
	dB
	-10

	Minimum Peak EIRP
	dBm
	14.7



Observation 1: For handheld UE, minimum peak EIRP is
· 14.7 dBm for 8 antenna elements
For spherical coverage, Figure 2.1 shows the CDF of spherical coverage which is based on simulation for 1 panel and 2 panels with 8 antenna elements. The difference between the minimum peak EIRP and EIRP at 50%-tile CDF is 9.8dB and 4.8dB for 1 panel and 2 panels respectively.  2 panels is 5dB higher than 1 panel. 
For requirements, additional implementation margin needs to be considered. Table 2.5 shows the difference including the implementation margin, about 4dB. The difference is summarized in Table 2.5 on top of FR2-1.
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Figure 2.1: Spherical Coverage of 1 panel and 2 panels for handheld with 8 antenna elements in FR2-2
Table 2.5: Difference between the minimum peak EIRP and EIRP at 50%-tile CDF for handheld
	Operating band
	Difference between the minimum peak EIRP and EIRP at 50%-tile CDF

	
	PC3
	1 panel
	2 panels

	n257 
	10.9
	
	

	n258 
	10.9
	
	

	n259 
	12.9
	
	

	n260 
	12.9
	
	

	n261 
	10.9
	
	

	n262 
	13.1
	
	

	n263
	
	14
	9



Observation 2: For handheld UE, EIRP at 50%-tile CDF is X dB lower than minimum peak EIRP for 8 antenna elements. 
· X = 14 dB for 1 panel
· X = 9 dB for 2 panels

We propose the observations to be considered for requirements of handheld UE.
Proposal 1: For handheld UE, consider the following observations for 8 antenna elements
· Minimum peak EIRP 
· 14.7 dBm 
· EIRP at 50%-tile CDF is X dB lower than minimum peak EIRP
· X = 14 dB for 1 panel 
· X = 9 dB for 2 panels

For vehicular UE, based on the agreement in WF, 16 antenna elements (16Tx) is considered.
For minimum peak EIRP, 22.7 dBm is analysed which is based on measurement as seen in Table 2.6.
Table 2.6: UE minimum peak EIRP for vehicular UE in FR2-2
	Parameter
	Unit
	Value

	Antenna element number per polarization
	
	16

	Avg. element gain per polarization
	dBi
	4.6

	Antenna roll-off loss vs frequency
	dB
	-2.5

	Polarization gain
	dB
	2.5

	Array gain
	dB
	12.04

	Total realized antenna gain
	dBi
	16.6

	Pout(per element) 
	dBm
	2

	Array gain
	dB
	12.04

	Total conducted Power (per polar) 
	dBm
	14.04

	Total IM Loss 
	dB
	-8

	Minimum Peak EIRP
	dBm
	22.7



Observation 3: For vehicular UE, minimum peak EIRP is 
· 22.7 dBm for 16 antenna elements

For spherical coverage, 16Tx(2x8) is analysed which is based on measurment with 1 panel. Figure 2.2 shows the CDF of spherical coverage based on hemisphere.
[image: ]
Figure 2.2: Spherical Coverage of 1 panel based on hemisphere for vehicular UE with 16 antenna elements (2x8) in FR2-2
In general, 60%-tile CDF based on full sphere with 1 panel is almost equal to 20%-tile CDF based on hemisphere with 1 panel. And, 60%-tile CDF based on full sphere with back-to-back 2 panels is almost equal to 60%-tile CDF based on hemisphere with 1 panel. Based on these, the difference is summarized in Table 2.7 on top of FR2-1.
Table 2.7: Difference between the minimum peak EIRP and EIRP at 60%-tile CDF for vehicular UE
	Operating band
	Difference between the minimum peak EIRP and EIRP at 60%-tile CDF

	
	PC2
	2x8

	
	
	1 panel
	2 panels

	n257 
	11.0
	
	

	n258 
	11.0
	
	

	n259 
	
	
	

	n260 
	
	
	

	n261 
	11.0
	
	

	n262 
	11.9
	
	

	n263
	
	15.1
	7.5



2 panel is 7.6dB better than 1 panel. 
Observation 4: For vehicular UE, EIRP at 60%-tile CDF is X dB lower than minimum peak EIRP for 2x8. 
· X = 15.1 dB for 1 panel 
· X = 7.5 dB for 2 panels

We propose the observations to be considered for requirements of vehicular UE.
Proposal 2: For vehicular UE, consider the following observations for 16 antenna elements
· Minimum peak EIRP 
· 22.7 dBm 
· EIRP at 60%-tile CDF is X dB lower than minimum peak EIRP
· X = 15.1 dB for 1 panel 
· X = 7.5 dB for 2 panels

Conclusion
In this contribution, we provided our views on MOP for handheld UE and vehicular UE for FR2-2.
For handheld UE
Proposal 1: For handheld UE, consider the following observations for 8 antenna elements
· Minimum peak EIRP 
· 14.7 dBm 
· EIRP at 50%-tile CDF is X dB lower than minimum peak EIRP
· X = 14 dB for 1 panel
· X = 9 dB for 2 panels

For vehicular UE
Proposal 2: For vehicular UE, consider the following observations for 16 antenna elements
· Minimum peak EIRP 
· 22.7 dBm 
· EIRP at 60%-tile CDF is X dB lower than minimum peak EIRP
· X = 15.1 dB for 1 panel 
· X = 7.5 dB for 2 panels
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