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In this paper, we provide our views and propose ways forward on open specification items for Tx RF requirements in FR2-2. 
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In last RAN4 meeting, the following TX RF requirements were agreed [1]. 
· UE minimum peak EIRP, spherical coverage and corresponding EIRP for PC1/PC2/PC3 
	PC Type
	Min Peak EIRP 
(dBm)
	YdBm@Spherical X%
Y = MinPeakEIRP – Z (drop)

	
	
	X(%)
	Y(dBm)
	Z(dB) drop

	Handheld UE(PC3)
	14.1
	50
	2.3
	11.8

	Vehicular UE(PC2)
	22.7
	60
	7.6
	15.1

	FWA (PC1)
	30.6
	85
	19.1
	11.5



· UE ACLR = 15dB
· TRP
· RAN4 agrees to ensure EN max EIRP, TRP, max PSD requirements are covered by the RAN4 spec. FFS how to accomplish that in the RAN4 spec 
· EN table (shown for reference)
	Maximum power level EIRP
	40 dBm1

	Maximum power level TRP
	25 dBm

	Maximum power spectral density (EIRP)
	23dBm/MHz2

	Note 1: Exception to 55 dBm if only fixed outdoor installations with 
             ≥ 30 dB transmit directivity
Note 2: Exception to 38 dBm/MHz if only fixed outdoor installations 
             with ≥ 30 dB transmit directivity  



And, open specification items for Tx RF requirements were listed as follows.
Table 2.1: Open specification items for Tx RF requirements
	38.101-2 clause
	description
	comments

	6.2.1.1 – 6.2.1.3
	TRP
	PC1, PC2, PC3

	6.2.2.1 – 6.2.2.3
	MPR
	PC1, PC2, PC3

	6.2.3
	A-MPR
	

	6.2A.1
	max Pout CA
	

	6.2A.2
	MPR CA
	PC1, PC2, PC3

	6.2A.3
	A-MPR CA
	

	6.3.1
	minimum Pout
	PC1, PC2, PC3

	6.3.2
	TX OFF power
	

	6.3.3.4
	PRACH time mask
	

	6.3.4.
	absolute, relative, aggregate power tolerance
	

	6.3A.1
	min power for CA
	PC1, PC2, PC3

	6.3A.2
	OFF power for CA
	

	6.3A.4
	absolute, relative, aggregate power tolerance
	

	6.4
	EVM, carrier leakage, inband emissions
	PC1, PC2, PC3

	6.4A
	CA EVM, carrier leakage, inband emissions
	PC1, PC2, PC3

	6.5.2
	SEM
	

	6.5.3
	spurious, coex, addition spurious
	

	6.5.A.1.1
	OBW for intra contig CA
	

	6.5A.2.1.1
	SEM for intra contig CA
	

	6.5A.2.3.1
	ACLR for intra contig CA
	

	6.5A.3
	intra contig CA spurious, coex, additional spurious
	

	6.6
	beam correspondence
	PC1, PC2, PC3

	6.6A
	beam correspondence for intra contig CA
	



TRP and EIRP
Current UE maximum output power limits are specified with Max TRP and Max EIRP for FR2 and are shown in Table 2.2. 

Table 2.2: UE maximum output power limits in FR2
	Operating band
	PC1
(FWA)
	PC2
(Vehicular UE)
	PC3
(Handheld UE)
	PC4
(High power non-handheld)
	PC5
(FWA)
	PC6
(HST Roof-Mounted UE)
	PC7
(RedCap UE)

	
	Max TRP (dBm)
	Max EIRP (dBm)
	Max TRP (dBm)
	Max EIRP (dBm)
	Max TRP (dBm)
	Max EIRP (dBm)
	Max TRP (dBm)
	Max EIRP (dBm)
	Max TRP (dBm)
	Max EIRP (dBm)
	Max TRP (dBm)
	Max EIRP (dBm)
	Max TRP (dBm)
	Max EIRP (dBm)

	n257
	35
	55
	23
	43
	23
	43
	23
	43
	23
	43
	23
	43
	23
	43

	n258
	35
	55
	23
	43
	23
	43
	23
	43
	23
	43
	23
	43
	23
	43

	n259
	
	
	
	
	23
	43
	
	
	23
	43
	
	
	
	

	n260
	35
	55
	
	
	23
	43
	23
	43
	
	
	
	
	
	

	n261
	35
	55
	23
	43
	23
	43
	23
	43
	
	
	23
	43
	23
	43

	n262
	35
	55
	23
	43
	23
	43
	23
	43
	
	
	
	
	
	



To ensure EN max EIRP and TRP for FR2-2, we propose UE maximum output power limits for n263 as follows.
Proposal 1: Define following UE maximum output power limits for n263
· PC1
· Max TRP = 25dBm & Max EIRP = 55dBm for fixed outdoor installations with ≥ 30 dB transmit directivity
· Max TRP = 25dBm & Max EIRP = 40dBm in other cases
· PC2
· Max TRP = 25dBm & Max EIRP = 40dBm
· PC3
· Max TRP = 25dBm & Max EIRP = 40dBm

MPR
In FR2-1, PC3 MPR was applied to PC2 considering that Max TRP of PC3 is same as PC2. For FR2-2 we propose to use the same approach i.e. first agree the MPR for PC3 and then apply the same values for the PC2.
Proposal 2: Apply FR2-2 PC3 MPR to PC2.

For FR2-2 PC3 MPR, the agreement [2] in FR2-1 can be considered with extended CBW (800MHz, 1600MHz and 2000MHz) as follows.
Table 2.3: MPR delta due to excess BW
	
	
	MPR

	Waveform
	Modulation
	50M/100M/200M
	400M
	800M
	1600M
	2000M

	DFT-s-OFMD
	shaped pi/2 BPSK
	<=X1
	<=X1+Y
	<=X1+Y1
	<=X1+Y2
	<=X1+Y3

	DFT-s-OFMD
	pi/2 BPSK
	<=X2
	<=X2+Y
	<=X2+Y1
	<=X2+Y2
	<=X2+Y3

	DFT-s-OFMD
	QPSK
	<=X3
	<=X3+Y
	<=X3+Y1
	<=X3+Y2
	<=X3+Y3

	DFT-s-OFMD
	16QAM
	<=X4
	<=X4+Y
	<=X4+Y1
	<=X4+Y2
	<=X4+Y3

	CP-OFDM
	QPSK
	<=X5
	<=X5+Y
	<=X5+Y1
	<=X5+Y2
	<=X5+Y3

	CP-OFDM
	16QAM
	<=X6
	<=X6+Y
	<=X6+Y1
	<=X6+Y2
	<=X6+Y3

	DFT-s-OFMD
	64QAM
	<=X7
	<=X7+Y
	<=X7+Y1
	<=X7+Y2
	<=X7+Y3

	CP-OFDM
	64QAM
	<=X8
	<=X8+Y
	<=X8+Y1
	<=X8+Y2
	<=X8+Y3



Table 2.4 summarized the current PC3 MPR requirement in FR2-1.
Table 2.4: MPR delta due to excess BW
	Modulation
	MPRWT, BWchannel ≤ 200 MHz
	MPRWT, BWchannel = 400 MHz

	
	Inner RB allocations,
Region 1
	Edge RB allocations

	Inner RB allocations,
Region 1
	Edge RB allocations


	DFT-s-OFDM
	Pi/2 BPSK
	0.0
	≤ 2.0
	0.0
	≤ 3.0

	
	QPSK
	0.0
	≤ 2.0
	0.0
	≤ 3.0

	
	16 QAM
	≤ 3.0
	≤ 3.5
	≤ 4.5
	≤ 4.5

	
	64 QAM
	≤ 5.0
	≤ 5.5
	≤ 6.5
	≤ 6.5

	CP-OFDM
	QPSK
	≤ 3.5
	≤ 4.0
	≤ 5.0
	≤ 5.0

	
	16 QAM
	≤ 5.0
	≤ 5.0
	≤ 6.5
	≤ 6.5

	
	64 QAM
	≤ 7.5
	≤ 7.5
	≤ 9.0
	≤ 9.0



Considering the Max TRP difference of 2dB between FR2-1 and FR2-2, FR2-1 PC3 MPR for CBW of 200MHz and 400MHz can be reused for FR2-2.
For CBW of 800MHz, 1600MHz and 2000MHz, we suggest to consider 3dB, 4dB and 4dB for Y1, Y2 and Y3 respectively. In FR2-1, Y of 1.5dB was considered for CBW of 400MHz (difference of yellow-box and green-box in Table2.4). For Edge RB allocations, in case of Pi/2 BPSK and QPSK for DFT-s-OFDM, 4dB, 5dB and 5dB are suggested for each CBW of 800MHz, 1600MHz and 2000MHz considering the limiting criterion of IBE.
Proposal 3: For FR2-2 PC3 MPR,
· For CBW of 100MHz and 400MHz
· Reuse FR2-1 PC3 MPR for FR2-2 PC3 MPR
· For CBW of 800MHz, 1600MHz and 2000MHz 
· Consider 3dB(Y1), 4dB(Y2) and 4dB(Y3) as MPR delta (in Table 2.3) respectively.
· For Edge RB allocations, in case of Pi/2 BPSK and QPSK in DFT-s-OFDM, consider 4dB, 5dB and 5dB respectively

The proposal above is shown in Table 2.5.

Table 2.5: FR2-2 PC3 MPR
	Modulation
	MPRWT, BWchannel = 100 MHz
	MPRWT, BWchannel = 400 MHz

	
	Inner RB allocations,
Region 1
	Edge RB allocations

	Inner RB allocations,
Region 1
	Edge RB allocations


	DFT-s-OFDM
	Pi/2 BPSK
	0.0
	≤ 2.0
	0.0
	≤ 3.0

	
	QPSK
	0.0
	≤ 2.0
	0.0
	≤ 3.0

	
	16 QAM
	≤ 3.0
	≤ 3.5
	≤ 4.5
	≤ 4.5

	
	64 QAM
	≤ 5.0
	≤ 5.5
	≤ 6.5
	≤ 6.5

	CP-OFDM
	QPSK
	≤ 3.5
	≤ 4.0
	≤ 5.0
	≤ 5.0

	
	16 QAM
	≤ 5.0
	≤ 5.0
	≤ 6.5
	≤ 6.5

	
	64 QAM
	≤ 7.5
	≤ 7.5
	≤ 9.0
	≤ 9.0



	Modulation
	MPRWT, BWchannel = 800 MHz
	MPRWT, BWchannel = 1600 MHz

	
	Inner RB allocations,
Region 1
	Edge RB allocations

	Inner RB allocations,
Region 1
	Edge RB allocations


	DFT-s-OFDM
	Pi/2 BPSK
	0.0
	≤ [4.0]
	0.0
	≤ [5.0]

	
	QPSK
	0.0
	≤ [4.0]
	0.0
	≤ [5.0]

	
	16 QAM
	≤ [6.0]
	≤ [6.0]
	≤ [7.0]
	≤ [7.0]

	
	64 QAM
	≤ [8.0]
	≤ [8.0]
	≤ [9.0]
	≤ [9.0]

	CP-OFDM
	QPSK
	≤ [6.5]
	≤ [6.5]
	≤ [7.5]
	≤ [7.5]

	
	16 QAM
	≤ [8.0]
	≤ [8.0]
	≤ [9.0]
	≤ [9.0]

	
	64 QAM
	≤ [10.5]
	≤ [10.5]
	≤ [11.5]
	≤ [11.5]



	Modulation
	MPRWT, BWchannel = 2000 MHz

	
	Inner RB allocations,
Region 1
	Edge RB allocations


	DFT-s-OFDM
	Pi/2 BPSK
	0.0
	≤ [5.0]

	
	QPSK
	0.0
	≤ [5.0]

	
	16 QAM
	≤ [7.0]
	≤ [7.0]

	
	64 QAM
	≤ [9.0]
	≤ [9.0]

	CP-OFDM
	QPSK
	≤ [7.5]
	≤ [7.5]

	
	16 QAM
	≤ [9.0]
	≤ [9.0]

	
	64 QAM
	≤ [11.5]
	≤ [11.5]



MPR CA
In FR2-1, PC3 MPR CA was applied to PC2. For FR2-2 similar approach is proposed. 
Proposal 4: Apply FR2-2 PC3 MPR CA to PC2

Minimum Pout
In FR2-1, different Minimum Pout was specified for PC1, {PC2/PC3/PC4}, and {PC5/PC6}. For PC2/PC3, we suggest -13dBm as the minimum Pout. 
Proposal 5: Consider -13dBm as starting point for discussing minimum Pout for FR2-2 PC2/PC3

Minimum Pout for CA
In FR2-1, different Minimum Pout for CA was specified for PC1, {PC2/PC3/PC4}, and PC5. For PC2/PC3, we suggest -13dBm for minimum Pout for CA. 
Proposal 6: Consider -13dBm as starting point for discussing CA minimum Pout for FR2-2 PC2/PC3

Carrier leakage & in-band emission (I/Q image)
For FR2-2 PC3, the carrier leakage and I/Q image in FR2-1 PC3 can be reused as reference for other PCs. For FR2-2 PC2, these can be defined considering the difference of minimum peak EIRP from PC3 (about 9dB from 22.7dBm and 14.1dBm).
Table 2.6: FR2-2 PC2/3 Carrier leakage & I/Q image
	FR2-2 PC3
	IQ Image
	dB
	-25
	Output power > 10 dBm

	
	
	
	-20
	Output power ≤ 10 dBm

	
	Carrier leakage
	dBc
	-25
	Output power > 0 dBm

	
	
	
	-20
	-13 dBm ≤ Output power ≤ 0 dBm

	FR2-2 PC2
	IQ Image
	dB
	-25
	Output power > 19 dBm

	
	
	
	-20
	Output power ≤ 19 dBm

	
	Carrier leakage
	dBc
	-25
	Output power > 9 dBm

	
	
	
	-20
	-13 dBm ≤ Output power ≤ 9 dBm



Proposal 7: Define carrier leakage and I/Q image as shown in Table 2.6 for FR2-2 PC2 and PC3.

Carrier leakage & in-band emission (I /Q image) for CA
For FR2-2 PC3, the carrier leakage and I/Q image in FR2-1 PC3 CA can be reused as reference for other PCs. For FR2-2 PC2 CA, these can be defined to be same as in Table 2.6
Proposal 8: Define carrier leakage and I/Q image for CA as shown in Table 2.6 for FR2-2 PC2 and PC3.

Beam correspondence
For FR2-2 PC3, FR2-1 PC3 beam correspondence requirements for both cases, with UL beam sweeping and without beam sweeping (autonomously) can be reused. Herein, whether to reuse the current beam correspondence tolerance for case with UL beam sweeping needs to be discussed.
For FR2-2 PC2, autonomous beam correspondence can be reused as FR2-1.
Proposal 9: If beam correspondence requirements for FR2-2 PC3 are introduced, then reuse the FR2-1 PC3 beam correspondence procedure for FR2-2 PC3. For beam correspondence tolerance, further discussion may be necessary.
 Proposal 10: For FR2-2 PC2 beam correspondence use the same approach as for FR2-1 PC2 beam correspondence.
Conclusion
In this contribution, we provided our views on open specification items for Tx RF requirements.
· TRP
Proposal 1: Define following UE maximum output power limits for n263.
· PC1
· Max TRP = 25dBm & Max EIRP = 55dBm for fixed outdoor installations with ≥ 30 dB transmit directivity
· Max TRP = 25dBm & Max EIRP = 40dBm in other cases
· PC2
· Max TRP = 25dBm & Max EIRP = 40dBm
· PC3
· Max TRP = 25dBm & Max EIRP = 40dBm
· MPR
Proposal 2: Apply FR2-2 PC3 MPR to PC2.
Proposal 3: For FR2-2 PC3 MPR,
· For CBW of 100MHz and 400MHz
· Reuse FR2-1 PC3 MPR for FR2-2 PC3 MPR
· For CBW of 800MHz, 1600MHz and 2000MHz 
· Consider 3dB(Y1), 4dB(Y2) and 4dB(Y3) as MPR delta (in Table 2.3) respectively.
· For Edge RB allocations, in case of Pi/2 BPSK and QPSK in DFT-s-OFDM, consider 4dB, 5dB and 5dB respectively
· MPR for CA
Proposal 4: Apply FR2-2 PC3 MPR CA to PC2.
· Minimum Pout
Proposal 5: Consider -13dBm as starting point for discussing minimum Pout for FR2-2 PC2/PC3.
· Minimum Pout for CA
Proposal 6: Consider -13dBm as starting point for discussing CA minimum Pout for FR2-2 PC2/PC3.
· Carrier leakage & in-band emission (I/Q image)
Proposal 7: Define carrier leakage and I/Q image as shown in Table 2.6 for FR2-2 PC2 and PC3.
· Carrier leakage & in-band emission (I/Q image) for CA
Proposal 8: Define carrier leakage and I/Q image for CA as shown in Table 2.6 for FR2-2 PC2 and PC3.
· Beam correspondence
Proposal 9: If beam correspondence requirements for FR2-2 PC3 are introduced, then reuse the FR2-1 PC3 beam correspondence procedure for FR2-2 PC3. For beam correspondence tolerance, further discussion may be necessary.
Proposal 10: For FR2-2 PC2 beam correspondence use the same approach as for FR2-1 PC2 beam correspondence.
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