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1. [bookmark: _heading=h.gjdgxs]Introduction
In RAN #103 meeting, RAN approved new WID on UE RF enhancements for FR1 and FR2 in Rel-19 [1]. In these WID, there are three objectives in RF related issues. First objective is for the high power CA/DC combinations, 2nd objective is power boosting and MPR reduction issue for single carrier and NR intra-band UL CA. The last objective is support of 6Rx for HHUE and FWA devices.
In this contribution, we focus on the high power UE for CA/DC including 2Tx/3Tx in terrestrial networks as follows:

	High power UE (HPUE) for CA in terrestrial network (TN) [1]
· Specify the generic requirements of high-power UE (HPUE) for NR uplink (UL) CA in FR1 and EN-DC with NR FR1 bands
· Power class 1.5 (PC1.5) UE for NR TDD intra-band UL contiguous and non-contiguous CA with 2Tx
· Specify the requirements for intra-band UL contiguous CA with or without UL-MIMO
· Example band combinations: 
· CA_n41C, CA_n78C, CA_n77C, CA_n79C for intra-band uplink contiguous CA configurations
· Focus on the maximum output power (MOP), MPR/A-MPR requirements, SAR solution
· Specify the requirements for intra-band UL non-contiguous CA without UL-MIMO
· Example band combinations: 
· CA_n78(2A), CA_n77(2A) for intra-band uplink non-contiguous CA configurations
· Focus on the maximum output power (MOP), MPR/A-MPR requirements, SAR solution
· NOTE: leave the other band combination specific requirements to the corresponding Rel-19 basket WIs
· PC1.5 UE for two band NR inter-band uplink CA with 2Tx and/or 3Tx for handheld and FWA, and PC1.5 and PC2 for two band EN-DC with 2Tx and/or 3Tx for handheld and FWA
· Focus on the SAR solution
· Enable power class 2 (PC2) and PC1.5 of two band inter-band uplink CA and EN-DC with 3Tx for handheld UE
· Identify and update the requirements if necessary
· Only PC3 is considered for LTE FDD in EN-DC 
· NOTE: leave the band combination specific requirements, e.g., MSD to the corresponding Rel-19 basket WIs
· Investigate and if feasible, support increasing UE transmission power limit up to the sum of maximum output power per band for NR inter-band uplink CA and EN-DC HPUE with the different existing power classes which have already been specified.
· Introduce the signalling to support the above objectives, if needed.
· Consider release independency, if needed



 
In this paper, we suggest how to define the RF requirements for high power UE for intra-band uplink CA i.e. n41C, n77 and other CA combinations and inter-band CA/DC including 3Tx in the cross inter-band CA/DC operation.
2. Current TS38.101-1 for intra-band CA of High power UE
2.1 Max. output power reduction of PC2 between 1Tx and 2Tx in single carrier
In this session, we compared the MPR values for PC2 between 1Tx and 2Tx for a single carrier.

	Captured in TS38.101-1 [2]
Table 6.2.2-2 Maximum power reduction (MPR) for power class 2
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 3.5
	≤ 0.5
	01

	
	QPSK
	≤ 3.5
	≤ 1
	02

	
	16 QAM
	≤ 3.5
	≤ 2
	≤ 1

	
	64 QAM
	≤ 3.5
	≤ 2.5

	
	256 QAM
	≤ 4.5

	CP-OFDM
	QPSK
	≤ 3.5
	≤ 3
	≤ 1.5

	
	16 QAM
	≤ 3.5
	≤ 3
	≤ 2

	
	64 QAM
	≤ 3.5

	
	256 QAM
	≤ 6.5



Table 6.2D.2-1: Maximum power reduction (MPR) for power class 2 with dual Tx
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM 
	Pi/2 BPSK
	≤ 3.5
	≤ 1
	01

	
	QPSK
	≤ 3.5
	≤ 2
	0.52

	
	16 QAM
	≤ 3.5
	≤ 2.5
	≤ 1.5

	
	64 QAM
	≤ 3.5
	≤ 3

	
	256 QAM
	≤ 5.5

	CP-OFDM 
	QPSK
	≤ 4.0
	≤ 3.5
	≤ 2

	
	16 QAM
	≤ 4.0
	≤ 3.5
	≤ 2.5

	
	64 QAM
	≤ 4.5

	
	256 QAM
	≤ 8.0






Based on the comparison, we observed as follow:
Observation 1: The required MPR values for PC2 with Dual Tx for single carrier had slightly larger MPR values due to the reverse IMD problem and other interference problems.  

2.2 Max. output power reduction of PC2 between 1Tx and 2Tx in intra-band contiguous CA
In session, 2.2 we compare the MPR values for PC2 between 1Tx and 2Tx for intra-band contiguous CA as follows:
	Captured in TS38.101-1 [2]
Table 6.2A.2.1-1a: Contiguous RB allocation for Power Class 2 
	Modulation
	MPR for bandwidth class B(dB)
	MPR for bandwidth class C(dB)

	
	inner
	Outer1
	inner
	outer

	DFT-s-OFDM
	Pi/2 BPSK
	2.0
	4.01
	2.5
	7

	
	QPSK
	2.0
	4.01
	2.5
	7

	
	16QAM
	2.5
	4.01
	2.5
	7

	
	64QAM
	3.0
	4.51
	5
	7

	
	256QAM
	5.5
	6.0
	7
	7.5

	CP-OFDM
	QPSK
	2.5
	5.01
	3.5
	8

	
	16QAM
	3.0
	5.01
	3.5
	8

	
	64QAM
	3.5
	5.01
	5
	8

	
	256QAM
	6.5
	6.5
	7
	8

	NOTE 1: When 1 RB or 2 RB are allocated at the lower edge of lowest CC or upper edge of upper CC, MPR for outer is 5.5 dB.



Table 6.2A.2.1-1b: Contiguous RB allocation for Power Class 2 with dual Tx2
	Modulation
	MPR for bandwidth class B(dB)
	MPR for bandwidth class C(dB)

	
	inner
	Outer1
	inner
	outer

	DFT-s-OFDM
	Pi/2 BPSK
	3.0
	5.01
	3.5
	8

	
	QPSK
	3.0
	5.01
	3.5
	8

	
	16QAM
	3.5
	5.01
	3.5
	8

	
	64QAM
	4.0
	5.51
	6
	8

	
	256QAM
	6.5
	7.0
	8
	8.5

	CP-OFDM
	QPSK
	3.0
	5.51
	4.0
	8.5

	
	16QAM
	3.5
	5.51
	4.0
	8.5

	
	64QAM
	4.0
	5.51
	5.5
	8.5

	
	256QAM
	7.0
	7.0
	7.5
	8.5

	NOTE 1: When 1 RB or 2 RB are allocated at the lower edge of lowest CC or upper edge of upper CC, MPR for outer is 5.5 dB.
NOTE 2: UE indicating TxD supported






Observation 2: The required MPR values for PC2 with Dual Tx for intra-band contiguous CA had slightly larger MPR values due to the reverse IMD problem and other interference problems.  

2.3 Consideration on PC1.5 with 2Tx for intra-band contiguous CA
In TS38.101-1 in Rel-18, RAN4 defined the MPR requirements with dual Tx for single carrier as shown in Table 6.2D.2-2. The same RF architecture with separate PA and separate antenna RF architectures will be assumed for intra-band contiguous CA with dual Tx for CA_n41C, CA_n77C, CA_n78C and CA_n79C in Rel-19 Objctives.

Table 6.2D.2-2: Maximum power reduction (MPR) for power class 1.5 with dual Tx
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 6
	≤ [2]
	≤ 0.5

	
	QPSK
	≤ 6.5
	≤ [2.5]
	≤ 0.5

	
	16 QAM
	≤ 6.5
	≤ [3.5]
	≤ 1.5

	
	64 QAM
	≤ 6.5
	≤ [4]
	≤ 3.5

	
	256 QAM
	≤ 6.5
	≤ 6.5
	≤ [6.5]

	CP-OFDM
	QPSK
	≤ 6.5
	≤ [4.5]
	≤ 2

	
	16 QAM
	≤ 6.5
	≤ [4.5]
	≤ 2.5

	
	64 QAM
	≤ 6.5
	≤ [5]
	≤ 4.5

	
	256 QAM
	≤ 8.5
	≤ 8.5
	≤ [8.5]



Based on the same RF architecture, RAN4 needs to evaluate the MPR requirements to support wide intra-band contiguous CA up to 200MHz.

Proposal 1: RAN4 considers separate PA (2x26dBm) and separate antenna RF architecture for Power class 1.5 to derive the MPR/A-MPR requirements for the intra-band contiguous CA UE.

For the SAR regulation requirements, RAN4 can reuse ‘the max uplink duty cycle limitation’ of the single carrier SAR solution for intra-band contiguous CA operation. It means that intra-band contiguous CA UE will be operated by synchronous operation between 2CCs as simultaneous transmit or reception to comply with the SAR limitation. 

Proposal 2: RAN4 can reuse the max uplink duty cycle limitation of the single carrier SAR solution for PC 1.5 intra-band contiguous CA combinations UE.

3. Current TS38.101-1 for intra-band non-contiguous CA without UL-MIMO 
3.1 Max. output power reduction of PC2 between 1Tx and 2Tx in intra-band non-contiguous CA
In this session, we compared the MPR values for PC2 intra-band non-contiguous CA UE between 1Tx and 2Tx RF chains.
In TS38.101-1, RAN4 specified 2 types of MPR requirements to meet the different emission requirements with -30dBm/MHz and -13dBm/MHz. In this session, we just captured the MPR requirements with -30dBm/MHz emission limit as follows:

	Captured in TS38.101-1 [2]
6.2A.2.2.1	MPR to meet -30dBm/MHz 
6.2A.2.2.1.2		PC2 with indicating dualPA-Architecture supported
MPR in this clause is for intra-band non-contiguous CA power class 2 for UEs indicating IE dualPA-Architecture supported. The allowed maximum output power reduction is defined as:
MPR=MAWhere MA is defined as follows
MA = 	15.5; 	0 ≤ B < 1.44
		15.0; 	1.44 ≤ B < 2.88
14.0;    2.88 ≤ B < 5.76
12.0; 	5.76 ≤ B < 10.8
		10.5; 	10.8 ≤ B < 23.04
                       9.0; 	 23.04 ≤ B
<Some Sub-clauses are omitted>
6.2A.2.2.1.4		PC2 without indicating dualPA-Architecture supported
MPR in this clause is for intra-band non-contiguous CA power class 2 for UEs without indicating IE dualPA-Architecture supported. The allowed maximum output power reduction is defined as:
MPR=MAWhere MA is defined as follows
MA = 	19.5; 	0 ≤ B < 1.08
		19; 	1.08 ≤ B < 2.16
18; 	2.16 ≤ B < 5.04
16.5; 	5.04≤ B < 10.08
		16; 	10.08 ≤ B < 36
		12;      36 ≤ B < 56.88
                     10.5; 	56.88 ≤ B


 
Observation 3: For the intra-band non-contiguous CA operation, the required MPR values for PC2 with single Tx had been defined with larger MPR values due to the PCB isolation, IMD problem and other interference problems.  

3.2 Consideration on PC1.5 with 2Tx for intra-band non-contiguous CA
In PC2 high power intra-band non-contiguous CA in Rel-17, RAN4 considered 4 candidate RF architectures to support different PA capability combinations and the limitation of supporting channel Bandwidths. 
However, RAN4 can only consider 2x26dBm PA + 2LO as baseline architecture to support up to 200MHz CBW and the baseline RF architecture will be considered to derive MPR/A-MPR requirements for PC1.5 intra-band non-contiguous CA operation with 2Tx.
Proposal 3: RAN4 can consider 2x26dBm PA (2LO) and separate antenna RF architecture as a baseline for power class 1.5 UE to derive the MPR/A-MPR requirements for the intra-band non-contiguous CA UE.

For the SAR regulation requirements, RAN4 can reuse ‘the max uplink duty cycle limitation’ of the single carrier SAR solution for intra-band non-contiguous CA operation. The same SAR solution will be applied for all intra-band contiguous CA and intra-band non-contiguous CA UE. It means that intra-band non-contiguous CA UE will be operated by synchronous operation between 2CCs as simultaneous transmit or reception to comply with the SAR limitation. 

Proposal 4: RAN4 can reuse the max uplink duty cycle limitation of the single carrier SAR solution for PC 1.5 intra-band non-contiguous CA combinations UE.

4. Current TS38.101-1 for inter-band CA/EN-DC with 2Tx and/or 3Tx
For 3Tx and 4Rx WI, RAN4 defined the detailed RF requirements for high power CA/DC combinations in Rel-18.
	Captured in TS38.101-1 [2]
[bookmark: _heading=h.1fob9te]Table 6.2H.3.1-1: UE Power Class for inter-band UL CA with UL MIMO in one frequency band
	NR UL CA Configuration
	Class 1.5 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)

	CA_n2A-n77A
	293
	+2/-3
	262
	+2/-3
	23
	+2/-3

	CA_n5A-n77A
	293
	+2/-3
	262
	+2/-3
	23
	+2/-3

	CA_n7A-n77A
	293
	+2/-3
	262
	+2/-3
	23
	+2/-3

	CA_n8A-n78A
	
	
	262
	+2/-3
	23
	+2/-3

	CA_n25A-n41A
	293
	+2/-3
	262
	+2/-3
	23
	+2/-3

	CA_n25A-n77A
	293
	+2/-3
	262
	+2/-3
	23
	+2/-3

	CA_n26A-n78A
	
	
	262
	+2/-3
	23
	+2/-3

	CA_n28A-n41A
	
	
	262
	+2/-3
	23
	+2/-3

	CA_n28A-n78A
	
	
	262
	+2/-3
	23
	+2/-3

	CA_n41A-n66A
	293
	+2/-3
	262
	+2/-3
	23
	+2/-3

	CA_n41A-n71A
	293
	+2/-3
	262
	+2/-3
	23
	+2/-3

	CA_n41A-n77A
	
	
	264
	+2/-3
	23
	+2/-3

	CA_n66A-n77A
	293
	+2/-3
	262
	+2/-3
	23
	+2/-3

	CA_n71A-n77A
	293
	+2/-3
	262
	+2/-3
	23
	+2/-3

	NOTE 1:	An uplink CA configuration in which at least one of the bands has NOTE 3 in Table 6.2.1-1 is allowed to reduce the lower tolerance limit by 1.5 dB when the transmission bandwidths of at least one of the bands is confined within FUL_low and FUL_low + 4 MHz or FUL_high - 4 MHz and FUL_high.
NOTE 2:	The UE supports PC3 in FDD band and PC3 or PC2 with UL MIMO in TDD band.
NOTE 3:	The UE supports PC3 in FDD band and PC1.5 with UL MIMO in TDD band.
NOTE 4:	The UE supports PC2 with UL MIMO in either one of the TDD bands and PC2 in the other TDD band.
NOTE 5:	Power class 3 is default power class unless otherwise stated.
NOTE 6:	FWA form factor is targeted unless otherwise stated.






In the Rel-19 WI, RAN4 will focus on the SAR solution for CA and EN-DC with 2Tx/3Tx and investigate whether to support new power classes to increase UE transmitted power limit up to accumulate max. output power.  
4.1 Consideration of PC1.5 inter-band CA/DC operation with 2Tx and 3Tx
In the last RAN plenary, the detailed objectives were finalized to focus on SAR solution for 2Tx/3Tx inter-band CA/DC operation.
Also, RAN4 needs to investigate whether to define some new power classes to support different PC combinations between two inter-band CA/DC UE or not.
In the WI in Rel-19, RAN4 can define the new CA/DC band combinations as below and RAN4 can define new power classes to support the total accumulated power for inter-band CA/DC combination UE in Rel-19.
   
· Proposed inter-band CA/DC band combinations with 2Tx/3Tx  
· 1Tx PC2 in Band X (i.e., n77, n78, n79 without UL-MIMO) + 1Tx PC2 in Band Y
· The power class combination already specified in TS38.101-1 and TS38.101-3
· 1Tx PC2 in Band X  (i.e., n77, n78, n79 without UL-MIMO) + 1Tx PC3 in Band Y 
 Need to define new power class as like PC1.x
· 2Tx PC2 in Band X (i.e., n77, n78, n79 with UL-MIMO) + 1Tx PC2 in Band Y
· The power class combination already specified in TS38.101-1 and TS38.101-3
· 2Tx PC2 in Band X  (i.e., n77, n78, n79 with UL-MIMO) + 1Tx PC3 in Band Y 
 Need to define new power class as like PC1.x
· 2Tx PC1.5 in Band X  (i.e., n77, n78, n79 with UL-MIMO) + 1Tx PC2 in Band Y 
 Need to define new power class as like PC1.y
· 2Tx PC1.5 in Band X  (i.e., n77, n78, n79 with UL-MIMO) + 1Tx PC3 in Band Y 
 Need to define new power class as like PC1.z

Proposal 5: RAN4 can define the above high power inter-band CA/DC band combinations with 2Tx/3Tx in the related Basket WIs in Rel-19. In the Rel-19 UE RF enhancement WI, RAN4 only focuses on general RF requirements for high power inter-band CA/DC UE.
Proposal 6: To support total accumulated power for inter-band CA/DC band combinations UE, RAN4 can define some new power classes in Rel-19.
Proposal 7: The power class information of high-power inter-band CA/DC UE with 2Tx/3Tx will be reported per band and per band combinations.
Proposal 8: For the SAR regulation requirements of high-power inter-band CA/DC UE, RAN4 can consider both duty cycle limitation and P-MPR approach from Rel-19 as same in FR2 MPE solutions.
   
5. Conclusions
In this contribution, we propose some RF architectures and SAR solutions for intra-band contiguous CA or non-contiguous CA. Also, we share our preference on how to support the increased CA/DC UE power limitation with different PA capability between two Bands. Based on our initial analysis for the high power intra-band CA or inter-band CA/DC combination with 2Tx/3Tx, we proposed as follow 

Proposal 1: RAN4 considers separate PA (2x26dBm) and separate antenna RF architecture for Power class 1.5 to derive the MPR/A-MPR requirements for the intra-band contiguous CA UE.
Proposal 2: RAN4 can reuse the max uplink duty cycle limitation of the single carrier SAR solution for PC 1.5 intra-band contiguous CA UE.
Proposal 3: RAN4 can consider 2x26dBm PA (2LO) and separate antenna RF architecture as baseline to derive the MPR/A-MPR requirements for the intra-band non-contiguous CA UE.
Proposal 4: RAN4 can reuse the max uplink duty cycle limitation of the single carrier SAR solution for PC 1.5 intra-band non-contiguous CA combinations UE.
Proposal 5: RAN4 can define the above high power inter-band CA/DC band combinations with 2Tx/3Tx in the related Basket WIs in Rel-19. In the Rel-19 UE RF enhancement WI, RAN4 only focuses on general RF requirements for high power inter-band CA/DC UE.
Proposal 6: RAN4 can define some new power classes to support total accumulated power for inter-band CA/DC band combinations UE in Rel-19.
Proposal 7: The power class information of high-power inter-band CA/DC UE with 2Tx/3Tx will be reported per band and per band combinations.
Proposal 8: For the SAR regulation requirements of high power inter-band CA/DC UE, RAN4 can consider both duty cycle limitation and P-MPR approach from Rel-19 as same in FR2 MPE solutions.
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