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In this paper, we provide our view on UE power class and UE types for FR2-2. 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Discussion 
In last RAN4 meeting, some WFs ([1]~[4]) were made for NR_ext_to_71GHz.  Among them, the WF [1] was related to UE Tx RF requirements for UE power class framework, Tx Power classes, UE types, Regulatory limits, Initial access power and Maximum UL modulation order as follows.
WF : R4-2107973 [1]
	WF : 60 GHz UE TX requirements 
· UE power class framework 
· Power classes will be a package of four parameters
· Minimum peak EIRP
· EIRP spherical coverage
· Maximum TRP
· Maximum EIRP (regulatory defined, captured for reference)
· FFS whether EIRP PSD limit needs to be included
· Tx Power classes for spec
· Further discuss which, if any, of the existing power classes in 38.101-2 can be reused for an unlicensed NR band or a new power class is needed. As basis for power class definition, it is beneficial to discuss what are representative antenna array sizes in this frequency range
· UE types
· Consider handheld, FWA and vehicular type of UE
· Other UE types are not precluded 
· The discussion can happen in parallel
· Regulatory limits
· Companies are encouraged to share their views of current proposals, current regulatory limits and provide further inputs during the next RAN4 meeting
· Further discussion and review is needed
· Alignment on which values to include is encouraged
· Review content available in TR38.805 (FCC 47 CFR 15.255), and latest ETSI EN 302 567, ETSI EN 303 722, and ETSI EN 303 753
· Other relevant sources are not precluded
· Max EIRP
· Discuss whether to include peak EIRP, or avg/mean EIRP
· Max TRP
· Consider whether 23 dBm can continue to used
· Maximum spectral power density (EIRP)
· Review latest applicable limits (23 dBm/MHz, 13 dBm/MHz)
· Discuss whether this limit needs to be included
· Initial access power
· Whether UE open loop power control can always be set to Pmax during the initial access
· Option 1: Agree UE initial access power is set at Pmax (Apple, MediaTek)
· Option 2: This is RAN1 issue (Ericsson, Intel, Qualcomm, Nokia, MediaTek, LGE)
· Discussions will continue in next RAN4 meeting
· Maximum UL modulation order
· Higher order modulation would result in challenging RF requirement, i.e., ACLR, due to RF impairments in 60 GHz, and RAN4 needs to consider a reduced max UL modulation order compared to FR2
· To decide the max UL modulation order, companies are encouraged to study the following:
· MPR analysis for different modulation schemes
· Link level performance comparison of achievable throughput for different modulation schemes for high SNR region
· Optionality of 64 QAM is FFS, depending on the outcome of the above study




And, in RAN#92e meeting, FR definition on 52.6 – 71 GHz was agreed to introduce FR2-1 for 24.25 – 52.6 GHz, FR2-2 for 52.6 – 71 GHz under the FR2 common range as shown in Table 2-1.
Table 2.1 Frequency range 
	Frequency range 
	Corresponding frequency range 

	FR1
	410 MHz – 7125 MHz

	FR2
	 FR2-1: 24250 MHz – 52600 MHz

	
	FR2-2: 52600 MHz – 71000 MHz

	NOTE:	Whenever the FR2 is referred, both FR2-1 and FR2-2 frequency sub-ranges shall be considered in this release, unless otherwise stated.
NOTE:      The designations FR2-1 and FR2-2 should only be used when needed.



Based on the WF [1], RAN4 needs to decide whether the existing power classes in 38.101-2 can be reused for an 60GHz unlicensed NR band or a new power class is needed. In the latest specification, 5 different power classes were defined in FR2-1 as shown in Table 2.2. 
For the power class in FR2-2, RAN4 needs to evaluate a Minimum peak EIRP and an EIRP spherical coverage for the corresponding UE types [1], i.e. handheld, FWA and vehicular UE. For this evaluation, representative antenna array sizes need to be discussed depending on the UE types. 
According to WID[5], up to 64 SSB beams are supported for licensed and unlicensed operation in the FR2-2 just like the case in legacy FR2(FR2-1).  It means that the number of Rx beam which was assumed at UE in the FR2-1 can be reused for FR2-2. And, the number of Tx beam at UE can be considered to be same as the number of Rx Beam.
Therefore, the number of antennas in array that was assumed in the existing specification in Table 2.2 can be considered as a starting point to evaluate the Minimum peak EIRP and EIRP spherical coverage for each UE type.

Table 2.2 Number of antennas in array which assumed in existing specification 
	Power Class 
	UE types
	Number of antennas in array 

	1
	Fixed wireless access (FWA) UE
	16 (R4-1801787)

	2
	Vehicular UE
	8 (R4-1808100)

	3
	Handheld UE
	4 (R4-1801786)

	4
	High power non-handheld UE
	16 (R4-1808110)

	5
	Fixed wireless access (FWA) UE
	8,16(R4-2008921)



Proposal 1: Consider the number of antennas in array used in existing specification as starting point to evaluate the Minimum peak EIRP and EIRP spherical coverage for each UE type, i.e. handheld, FWA and vehicular UE in FR2-2. Higher number of antennas could be considered for UE types with larger form factors. 

Besides, it also needs to consider lower Pout per PA for FR2-2 than those considered in FR2-1 in Table 2.3. This is because the efficiency of PA generally becomes low as frequency goes high.
Table 2.3 Pout per PA which was assumed in FR2-1 
	Power Class 
	UE types
	Pout per PA in FR2-1(dBm)

	
	
	28GHz
	39GHz
	47GHz

	1
	Fixed wireless access (FWA) UE
	14
	14
	8~11

	2
	Vehicular UE
	12~13
	
	8~11

	3
	Handheld UE
	12~14
	10.5~14
	8~11

	4
	High power non-handheld UE
	10~13
	10~13
	8~11

	5
	Fixed wireless access (FWA) UE
	10.5~12.5
	10.5~12.5
	



Considering the Pout per PA for 28GHz, 39GHz and 47GHz in Table 2.3, we can consider 4.5~7dBm in 60Hz, or FR2-2. Details can be different depending on frequency. 
Proposal 2: Consider lower Pout per PA than those considered in FR2-1 when evaluating the Minimum peak EIRP and EIRP spherical coverage (e.g, 4.5~7dBm).

Table 2.4, 2.5, 2.6 and 2.7 summarize the Tx power requirements in FR2-1 for Power Class 1, 2, 3, 4 and 5.
Table 2.4: 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
	
	

	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 2.5: 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
	
	

	n260 
	30.0
	
	8
	19
	

	n261 
	32.0
	18.0
	11.5
	25
	

	n262 
	26.0
	11.0
	2.9
	16.2
	



Table 2.6: UE maximum output power limits for Power Class 1,2,3,4 and 5 in FR2-1
	Operating band
	Max TRP(dBm)

	
	PC1
	PC2
	PC3
	PC4
	PC5

	n257
	35
	23
	23
	23
	23

	n258
	35
	23
	23
	23
	23

	n259
	
	
	23
	
	

	n260
	35
	
	23
	23
	

	n261
	35
	23
	23
	23
	

	n262
	35
	23
	23
	23
	

	Operating band
	Max EIRP(dBm)

	
	PC1
	PC2
	PC3
	PC4
	PC5

	n257
	55
	43
	43
	43
	43

	n258
	55
	43
	43
	43
	43

	n259
	
	
	43
	
	

	n260
	55
	
	43
	43
	

	n261
	55
	43
	43
	43
	

	n262
	55
	43
	43
	43
	





For 47GHz (n262), power class 1, 2, 3 and 4 that were specified in 28GHz and 39GHz were reused. Because the power classes were specified to be corresponded to UE types. There is no reason that UE types are different depending on FR. Therefore, power class 1, 2, 3, 4 and 5 can be considered for FR2-2. However, the corresponding values of power package (minimum peak EIRP, EIRP spherical coverage, maximum TRP, maximum EIRP) for each power class can be different depending on band which is expected to be defined in FR2-2. Here, X%-tile for EIRP spherical coverage is same regardless of bands under same power class. 
Proposal 3: Reuse the power class naming  in FR2-1 (i.e PC1 ~ PC 5) same in FR2-2 unless there is issue and specify the corresponding MOP requirements(i.e, minimum peak EIRP, EIRP spherical coverage, maximum TRP and maximum EIRP) for the band to be defined in FR2-2. 

Conclusion
In this contribution, we provided our views on TX RF requirements for different UE types in FR2-2.

Proposal 1: Consider the number of antennas in array used in existing specification as starting point to evaluate the Minimum peak EIRP and EIRP spherical coverage for UE types, such as handheld, FWA and vehicular UE in FR2-2. Higher number of antennas could be considered for UE types with larger form factors.
Proposal 2: Consider lower Pout per PA than that considered in FR2-1 to evaluate the Minimum peak EIRP and EIRP spherical coverage (e.g, 4.5~7dBm).
Proposal 3: Reuse the power class naming  in FR2-1 (i.e PC1 ~ PC 5) same in FR2-2 unless there is issue and specify the corresponding MOP requirements (i.e, minimum peak EIRP, EIRP spherical coverage, maximum TRP and maximum EIRP) for the band to be defined in FR2-2. 
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