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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this paper, we provide our views on HPUE for intra-band contiguous/non-contiguous UL CA. 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Discussion 
In last RAN4 meeting, the following WF was approved [1]. This paper discusses the requirement of HPUE for intra-band UL CA.

	2.1 Assumed UE architectures for MPR/A-MPR evaluation 
-  Option 1: (Xiaomi, Samsung, Huawei)
	Architecture
	Description
	Indicated capability
	Support UL MIMO
	Applicable cases
	Note

	#1
	2x26 dBm PA + 2 LO with 100MHz BW
	dualPA-Architecture
	No
	C/NC CA
	No Frequency Separation limitation

	#2
	2x26 dBm PA + 1 LO with 200MHz BW
	TxD
	Yes
	C/NC CA
	Frequency Separation ≤ 200MHz
For NC CA, FFS whether BW Gap size＜CC1 +CC2 CBW


NOTE: support UL MIMO here doesn’t mean UE has to support the feature, it depends on UE capability reporting
· Option 2: (Apple, vivo, Skyworks, Meta)
	Architecture
	Description
	Indicated capability
	Support UL MIMO
	Applicable cases
	Note

	#1
	2x26 dBm PA + 2 LO with 100MHz BW
	dualPA-Architecture
	No
	NC CA
	No Frequency Separation limitation

	#2
	2x26 dBm PA + 1 LO with 200MHz BW
	TxD
	Yes
	Contiguous CA
	



Way forward: 
Both options are considered for next meeting discussion, FFS on down selection of UE architectures
· Prioritize UL contiguous CA





	 2.2 General consideration for MPR/PCMAX/PCMAX,c 
Way forward: 
-	For PC1.5, intra-band contiguous ULCA with UL MIMO can share the MPR requirements of intra-band contiguous ULCA without UL MIMO and with dual Tx (TxD)
-        Study and if necessary, specify the MPR requirements for both small and large form factor UEs, i.e. minimum antenna isolation = 10 or 20dB
-          For R19 PC1.5 intra-band non-contiguous /contiguous ULCA with two 26dBm PAs and one PA per CC, consider PCMAX,,c limitation (i.e., 26dBm) for each component carrier, which have impact on MOP, PCMAX tolerance and MPR/A-MPR evaluation
-         FFS For R19 PC1.5 intra-band non-contiguous /contiguous ULCA with two 26dBm PAs and one PA per CC, the PCMAX is modified as follows to account for RB BW imbalances 
PCmax=10*log(10^(26/10) + 10^((26-10*log(LCRB1*SCS1/(LCRB2*SCS2)))/10)) 
-	Other options are not precluded

2.3 MOP tolerance
Agreement: +2/-3 dB, in addition adding note into MOP table to reflect PC1.5 is achieved by dualPA-Architecture and/or TxD.

2.4  PCMAX tolerance 
Way forward: The following values as starting point
· TLOW=3dB
· THIGH=2dB

2.5 ACLR 
Agreement: NR ALCR as 31dB, UTRA ALCR not needed for the example combos





PC1.5 UE for NR TDD intra-band UL contiguous and non-contiguous CA with 2Tx
The following PC2 UE requirements for NR intra-band UL CA were specified. 
· NR TDD intra-band UL contiguous CA
· without UL MIMO
· with UL MIMO
· NR TDD intra-band UL non-contiguous CA
· without UL MIMO

And, the PC2 UE MPR requirements were specified considering ‘dualPA’, ‘TxD’, and ‘single PA’ architectures as follows.
Table 2-1. PC2 UE Architecture for NR intra-band UL CA
	Architecture
	Description
	Indicated capability
	Support UL MIMO
	Applicable cases
	Note

	#1
	2x23 dBm PA + 2 LO with 100MHz BW
	dualPA-Architecture
	No
	C/NC CA
	No Frequency Separation limitation

	#2
	2x23 dBm PA + 1 LO with 200MHz BW
	TxD
	Yes
	C/NC CA
	Frequency Separation ≤ 200MHz
For NC CA,  BW Gap size＜CC1 +CC2 CBW, when UE declares intraBandFreqSeparationUL-v1620 value ≤ 200 MHz

	#3
	1x26dBm PA + 1 LO
	-
	Yes
	C/NC CA
	



PC1.5 UE architectures for MPR/A-MPR evaluation
In the WF [1], 2 options were discussed.
· Option 1
	Architecture
	Description
	Indicated capability
	Support UL MIMO
	Applicable cases
	Note

	#1
	2x26 dBm PA + 2 LO with 100MHz BW
	dualPA-Architecture
	No
	C/NC CA
	No Frequency Separation limitation

	#2
	2x26 dBm PA + 1 LO with 200MHz BW
	TxD
	Yes
	C/NC CA
	Frequency Separation ≤ 200MHz
For NC CA, FFS whether BW Gap size＜CC1 +CC2 CBW


· Option 2
	Architecture
	Description
	Indicated capability
	Support UL MIMO
	Applicable cases
	Note

	#1
	2x26 dBm PA + 2 LO with 100MHz BW
	dualPA-Architecture
	No
	NC CA
	No Frequency Separation limitation

	#2
	2x26 dBm PA + 1 LO with 200MHz BW
	TxD
	Yes
	Contiguous CA
	



For dulaPA-architecture, the difference between options is whether to be applicable to only intra-band non-contiguous CA or both(intra-band contiguous and non-contiguous CA).
For TxD, the difference between options is whether to be applicable to only intra-band contiguous CA or both(intra-band contiguous and non-contiguous CA).
Preference is option 1 to align with PC2 intra-band UL CA if there is no technical issue. 
Proposal 1: Consider Option 1 as PC1.5 UE architecture for MPR evaluation of intra-band UL CA.
· Option 1
	Architecture
	Description
	Indicated capability
	Support UL MIMO
	Applicable cases
	Note

	#1
	2x26 dBm PA + 2 LO with 100MHz BW
	dualPA-Architecture
	No
	C/NC CA
	No Frequency Separation limitation

	#2
	2x26 dBm PA + 1 LO with 200MHz BW
	TxD
	Yes
	C/NC CA
	Frequency Separation ≤ 200MHz
For NC CA, FFS whether BW Gap size＜CC1 +CC2 CBW



General consideration for MPR/PCMAX/PCMAX,c 
According to the WID [1], both handheld UE and FWA can be applied to PC1.5 intra-band UL CA. Therefore, both minimum antenna isolation = 10dB and 20dB need to be considered for MPR.
Proposal 2: Consider the minimum antenna isolation = 10dB and 20dB for MPR of PC1.5 intra-band UL CA.

For PC1.5 intra-band non-contiguous /contiguous ULCA, ‘two 26dBm PAs and one PA per CC’ means dualPA-Architecture.
Figure 2-1 shows PC1.5 dualPA-architecture for intra-band contiguous UL CA. Figure 2-2 shows PC1.5 TxD-architecture for intra-band contiguous UL CA. 



Figure 2-1. PC1.5 dualPA-Architecture(2PA2LO)
Here, LCRB1 and LCRB2 are assumed to be allocated to each CC1 and CC2. The corresponding SCS is assumed with SCS1 and SCS2 respectively. PCMAX,C limitation  for each component carrier is 26dBm regardless of the size of LCRB1 and LCRB2. The total of PCMAX limitation is 29dBm.
For TxD architecture as seen in Figure 2-2, PCMAX,,c limitation  for each component carrier can be addressed taking LCRB1 and LCRB2 into account.



Figure 2-2. PC1.5 TxD-Architecture (2PA1LO)

PCMAX,CC1 = 
PCMAX,CC2 = 
The total of PCMAX limitation is 29dBm.
PCMAX,C limitation for each component carrier needs to be defined considering PC1.5 UE architecture.

Proposal 3: Define PCMAX,c limitation for each component carrier considering PC1.5 UE architecture of intra-band UL CA.
· For dualPA-architecture
· PCMAX,C limitation  for each component carrier is 26dBm
· For TxD (dualTx)
· PCMAX,CC1 = 
· PCMAX,CC2 = 

Conclusion
In this contribution, we proposed our view on HPUE for intra-band UL CA. The proposals are as follows.
Proposal 1: Consider Option 1 as PC1.5 UE architecture for MPR evaluation of intra-band UL CA.
· Option 1
	Architecture
	Description
	Indicated capability
	Support UL MIMO
	Applicable cases
	Note

	#1
	2x26 dBm PA + 2 LO with 100MHz BW
	dualPA-Architecture
	No
	C/NC CA
	No Frequency Separation limitation

	#2
	2x26 dBm PA + 1 LO with 200MHz BW
	TxD
	Yes
	C/NC CA
	Frequency Separation ≤ 200MHz
For NC CA, FFS whether BW Gap size＜CC1 +CC2 CBW



Proposal 2: Consider the minimum antenna isolation = 10dB and 20dB for MPR of PC1.5 intra-band UL CA.
Proposal 3: Define PCMAX,c limitation for each component carrier considering PC1.5 UE architecture of intra-band UL CA.
· For dualPA-architecture
· PCMAX,C limitation  for each component carrier is 26dBm
· For TxD (dualTx)
· PCMAX,CC1 = 
· PCMAX,CC2 = 
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