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Introduction
In RAN#103, a new WID [1] was approved on UE RF enhancements for NR FR1/FR2 and EN-DC. One of the main objectives is to enable PC1.5 for uplink contiguous and non-contiguous CA and PC 1.5 and PC2 for uplink inter-band CA and EN-DC in Rel-19. In this contribution, we will provide our views on HPUE for CA and EN-DC in terrestrial network.
Discussion
PC1.5 for Intra-band C/NC UL CA with 2Tx
Scope
Uplink power enhancement is always one of everlasting topics in RAN4 UE RF. In Rel-16, RAN4 specified intra-band contiguous UL CA for PC3 in TDD bands. In Rel-17, RAN4 specified uplink contiguous and non-contiguous CA supporting PC2. In Rel-19, RAN4 continue the work of PC1.5 for UL contiguous and non-contiguous CA. the detailed objectives are captured as follows:
· 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

From our perspective, the skeleton of specification work for PC2 uplink CA in Rel-17 can be a reference and starting point for PC1.5 uplink CA in Rel-19. 

Reference Architecture
Before the discussion on the requirements, we should clarify what the baseline RF architecture is, and the starting reference could be what Rel-17 considered.
For the contiguous UL CA, one single RF chain with 200MHz channel bandwidth was considered as the reference architecture of requirements in Rel-17, the agreements can reference in [2] as following:
Agreement:
• A single TX PC2 PA (200MHz 1LO) is the baseline to develop MPR and A-MPR requirement
• In parallel, also assess the two other cases: 1) 2 100MHz PC2 PA; 2) 2 200MHz PC3 PA
• It is preferred to define 1 set of MPR and A-MPR requirements. Final decisions are FFS
For non-contiguous UL CA more architectures including both one RF chain based and two RF chain based were considered in Rel-17, leading to different sets of minimum requirements differentiated by the IE dualPA-Architecture. The details could reference to some of earlier documents such as [3][4][5], and one figure from [5] was also referenced below (details not necessarily be agreed):
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In Rel-19, 2Tx would be focused supporting PC1.5 UL CA. Currently, it is difficult to use one single PA to support PC1.5 29dBm for handheld and FWA UE. So at least 1Tx supporting PC1.5 can be precluded since it is not feasible for handheld and FWA UE based on the state-of-art technology.
Observation 1. Based on the state-of-art technology, it is difficult to use one single PA to support PC1.5 29dBm for handheld/FWA UE.

For 2Tx supporting UL CA including contiguous and non-contiguous CA PC1.5, two options of RF architecture as following would be discussed as tentative references, with both of them can achieve PC1.5 in both single CC and CA case, which listed as following:
· Option 1: consists of two 26dBm PA 100MHz with 2LOs
· Option 2: consists of two 26dBm PA 200MHz with one shared LO 


Fig 1: PC1.5 UL CA with two 26dBm PA 100MHz 2LO (Option 1)



Fig 2: PC 1.5 UL CA with two 26dBm PA 200MHz 1LO (Option 2)
In addition, it is noted that a more capable UE based of option 2, named it option 2-enh with two separate LOs can also satisfy what option 2 can do, and may have better performance in the gap part. However, since this is still basically based on option 2, no specific analysis was provided.
There are merits and demerits for both options. Some of them are common between contiguous/non-contiguous CA, and some have unique impact for C/NC case. Some key points are:
· Option 2 can support UL MIMO naturally on top of UL MIMO, while option 1 can support UL MIMO in single CC mode. In addition, 
· Option 2 can distribute the power flexibly between CCs to let PSD over CCs be even which will make the performance in each CC balance, while option 1 can not support such flexibility since the power of the two CCs are provided by separated CCs. 
· Option 1 can support total bandwidth (including the gap between two CCs) larger than 200MHz, however, option 2, the overall bandwidth will be restricted within 200MHz. This is important for non-contiguous case.
· Option 1 can control the in-gap interference much better than option 2, which is also meaningful for non-contiguous case.

More detailed analysis tables are provided below for contiguous / non-contiguous CA respectively, with the key merits coloured in blue, while key demerits coloured in red:
[bookmark: _Hlk163230215]Table 1. RF architecture analysis for UL contiguous CA PC1.5 HPUE
	RF architecture for supporting NR TDD intra-band UL Contiguous CA PC1.5 HPUE
	Merits
	Demerits

	Option 1: PC1.5 UL CA with two 26dBm PA 100MHz 2LO
	· Relaxed bandwidth for 26dBm PA, only 100MHz is required.
· Support UL MIMO in case of single CC operation
	· [bookmark: _Hlk163230716][bookmark: _Hlk162977283]May Result in power/signal qualities imbalance between CCs in CA case since power sharing between CCs not possible.
· UL MIMO is not supported on top of UL CA
· 2LO is needed

	Option 2: PC1.5 UL CA with two 26dBm PA 200MHz 1LO
	· Power sharing between CCs is flexible, ensuring balanced performance between CCs
· UL MIMO can be supported on top of UL CA
· Only 1 LO is needed
	· PA needs to support 200MHz operating bandwidths.



Table 2. RF architecture analysis for UL non-contiguous CA PC1.5 HPUE
	RF architecture for supporting NR TDD intra-band UL Contiguous CA HPUE (PC1.5)
	Merits
	Demerits

	[bookmark: _Hlk162778828]Option 1: PC1.5 UL CA with two 26dBm PA 100MHz 2LO
	· The maximum bandwidths can be larger than 200MHz including the gap between two non-contiguous CCs
· Easier to ensure in Gap performance
· Relaxed bandwidth for 26dBm PA, only 100MHz is required.
· Support UL MIMO in case of single CC operation
	· May Result in power/signal qualities imbalance between CCs in CA case since power sharing between CCs not possible.
· 2LO is needed

	Option 2: PC1.5 UL CA with two 26dBm PA 200MHz 1LO
	· Power sharing between CCs is flexible, ensuring balanced performance between CCs
· UL MIMO can be supported on top of UL CA
· Only 1 LO is needed
	· The supported maximum bandwidth will be within 200MHZ including the gap between two non-contiguous CCs
· Fulfill requirements for Gap may results in large MPR



Based on these reasons, we suggest to use option 2 as the baseline RF architecture for PC1.5 UL contiguous CA, and option 1 as the baseline RF architecture for PC1.5 UL non-contiguous CA
[bookmark: _Hlk162864782]Proposal 1: It is suggested to use two 26dBm PA architecture to achieve PC 1.5 UL contiguous and non-contiguous CA. The baseline architecture is proposed to be: 
· Non-Contiguous CA: 	Option 1 (2x26 dBm, 100MHz, 2LOs)
· Contiguous CA:   		Option 2 (2x26 dBm, 200MHz, 1LO)

MPR requirements
In Rel-17, the MPR analysis of contiguous and non-contiguous CA is different. For contiguous CA, with the baseline architecture of one RF chain and one PA, the evaluation is basically based on simulation as in [6]. However, for non-contiguous CA, the evaluation is based on measurements [7], considering that the reverse IMD introduced by multiple Tx is difficult to be simulated. With the previous analysis of reference architectures, it seems that the multiple Tx is inevitable for achieving PC1.5, and it is likely that measurements is more likely to be preferred way if abide by what PC2 has done. 
Observation 2: The Intra-band CA for PC1.5 would need multiple Tx, thus need to be considered in MPR derivation.
However, since testing may have more work and more challenging, more detailed solution need to be discussed, based on the reference architecture discussion.
Proposal 2: Discuss more detailed framework for MPR/A-MPR after reference architecture discussion.

Other RF requirements and SAR solution
Apart from MPR/A-MPR, there are also a number of other RF requirement and also SAR solutions, they’re generally straightforward to be extended to PC1.5 as has been extended to PC2 from PC3. In Rel-17, those agreements are quick to be reached as in [3][8].
Observation 3: Other RF requirements is easily to be extended to PC1.5 considering PC2 history and PC1.5 single carrier requirement.
So it is also proposed to try to reach agreements on those requirements and parameters, based on an similar extension to PC2 and the single carrier requirement of PC1.5.
Proposal 3: Considering agreeing the following RF requirements for both intra-band contiguous and non-contiguous CA at least as starting point:
· Define tolerance as：26dBm +2/-3dB
· ACLR requirement: 31dB
· Emission requirement: reuse SEM, general spurious, ASEM, ASE and UE-to-UE coexistence requirements defined for PC3 and PC2 (for contiguous and non-contiguous CA respectively)
· UL/DL configuration: adopt the same UL/DL configuration between CCs
· Capability of MaxUplinkDutyCycle, maxUplinkDutyCycle-PC1dot5-MPE-FR1: Reuse the capability for single carrier case

PC1.5 and PC2 for inter-band UL CA/EN-DC
In Rel-18, the PC2 UE for two band NR inter-band UL CA/EN-DC with 3Tx, and PC1.5 for two band UL inter-band UL CA/EN-DC for handheld and FWA was defined in as in [9] as following:
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In Rel-19, the following scope has been agreed for PC1.5 and PC2 for inter-band UL CA/EN-DC
· 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
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]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
· [bookmark: _Hlk163231034]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

It can be seen that that is remaining work is:

· Group 1: (FWA done in R18)
· PC2 NR inter-band UL CA/EN-DC with 3Tx for handheld
· PC1.5 NR inter-band UL CA/EN-DC with 3Tx for handheld
· Group 2: (No UE type done in R18)
· PC1.5 NR inter-band UL CA/EN-DC with 2Tx for handheld and FWA
For group 1 scenarios, the current requirements for FWA can be baseline. It can be further discussed whether some relaxation or just reuse the current requirements for FWA. For group 2, the requirements can be developed with reference to Rel-18 3Tx work.
Observation 4: The scenarios for Rel-18 can be categorized as:
· Group 1: (FWA done in R18)
· PC2 NR inter-band UL CA/EN-DC with 3Tx for handheld
· PC1.5 NR inter-band UL CA/EN-DC with 3Tx for handheld
· Group 2: (No UE type done in R18)
· PC1.5 NR inter-band UL CA/EN-DC with 2Tx for handheld and FWA
For group 1 scenarios can use Rel-18 requirements for FWA as baseline. Considering the similarities between FWA and handheld UE, the discussion process needs not to be repeated. It is likely that this part can be extended with some general guidelines, such as simply reuse or apply some relaxations.
Proposal 4: For scenarios discussed and defined in Rel-18 for FWA, discuss the applicable requirements for handheld and use the conclusions for FWA as baseline, e.g. reuse or apply some relaxations.

For group 2, it needs some more discussion for requirements. The Rel-18 scope utilize a PC3 FDD + PC1.5 TDD (2Tx) scenarios, which can not be directly extended to PC1.5, since every RF chain need to be 26dBm to achieve PC1.5 with 2Tx, and LTE FDD seems do not have such an option. In another word, for EN-DC with 2Tx, if LTE is in FDD band, then this Tx path can only support PC3; the other Tx path can only support 26dBm, then in this case UE cannot support PC1.5. 
Observation 5: For EN-DC with 2Tx, if LTE is in FDD band, UE cannot support PC1.5. 
In the RF architecture selection, we suggest to use two 26dBm PA architecture with two LOs to achieve PC 1.5 UL inter-band CA with 2Tx. 
In addition, the SAR solution developed for PC1.5 3Tx is actually quite adaptive, and it is suggested to be reused for 3Tx.
Proposal 5: For PC 1.5 UL inter-band CA/EN-DC with 2Tx, use two 26dBm PA architecture with two LOs and discuss the requirements, and reuse the SAR solutions as for PC1.5 3Tx.

Others
There are also some other scopes as following.
· 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 signaling to support the above objectives, if needed.
· Consider release independency, if needed
For the increased power limit, some considerations may be needed, since this has not been considered in REl-18 for 3Tx. The release independency is also another issue need to be defined, and also signalling. However, these issues may be discussed slightly later with the progress of other issues.
Observation 6: Other issues can be discussed with the progress of the previous scopes. 

 Conclusion
This contribution discusses RF architectures and requirements for CA and EN-DC HPUE for TN. The following observations and proposals are made:
Observation 1. Based on the state-of-art technology, it is difficult to use one single PA to support PC1.5 29dBm for handheld/FWA UE.
Observation 2: The Intra-band CA for PC1.5 would need multiple Tx, thus need to be considered in MPR derivation.
Observation 3: Other RF requirements is easily to be extended to PC1.5 considering PC2 history and PC1.5 single carrier requirement.
Observation 4: The scenarios for Rel-18 can be categorized as:
· Group 1: (FWA done in R18)
· PC2 NR inter-band UL CA/EN-DC with 3Tx for handheld
· PC1.5 NR inter-band UL CA/EN-DC with 3Tx for handheld
· Group 2: (No UE type done in R18)
· PC1.5 NR inter-band UL CA/EN-DC with 2Tx for handheld and FWA
Observation 5: For EN-DC with 2Tx, if LTE is in FDD band, UE cannot support PC1.5. 
Observation 6: Other issues can be discussed with the progress of the previous scopes. 

Proposal 1: It is suggested to use two 26dBm PA architecture to achieve PC 1.5 UL contiguous and non-contiguous CA. The baseline architecture is proposed to be: 
· Non-Contiguous CA: 	Option 1 (2x26 dBm, 100MHz, 2LOs)
· Contiguous CA:   		Option 2 (2x26 dBm, 200MHz, 1LO)
Proposal 2: Discuss more detailed framework for MPR/A-MPR after reference architecture discussion.
Proposal 3: Considering agreeing the following RF requirements for both intra-band contiguous and non-contiguous CA at least as starting point:
· Define tolerance as：26dBm +2/-3dB
· ACLR requirement: 31dB
· Emission requirement: reuse SEM, general spurious, ASEM, ASE and UE-to-UE coexistence requirements defined for PC3 and PC2 (for contiguous and non-contiguous CA respectively)
· UL/DL configuration: adopt the same UL/DL configuration between CCs
· Capability of MaxUplinkDutyCycle, maxUplinkDutyCycle-PC1dot5-MPE-FR1: Reuse the capability for single carrier case
Proposal 4: For scenarios discussed and defined in Rel-18 for FWA, discuss the applicable requirements for handheld and use the conclusions for FWA as baseline, e.g. reuse or apply some relaxations.
Proposal 5: For PC 1.5 UL inter-band CA/EN-DC with 2Tx, use two 26dBm PA architecture with two LOs and discuss the requirements, and reuse the SAR solutions as for PC1.5 3Tx.
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2. Enhancements of 3Tx for band combinations with two bands¢
® Two bands with inter-band UL CA or EN-DC are considered with below limitations:«

@ In each band only 1CC included. The Tx capability considered is 1Tx in one band, and 2Tx in the other
band¢

@ The following power capabilities will be considered¢
B CA power class or EN-DC power class is PC2¢
e  PC3FDD band 1Tx + PC2 TDD band 2Tx (UL MIMO and TxD)+
e  PC3FDD band 1Tx + PC3 TDD band 2Tx (UL MIMO)¢
e  PC3 TDD band 1Tx + PC2 TDD band 2Tx (UL MIMO)¢

B CA power class or EN-DC ppwer class is PC1.5¢

e PC3FDD band 1Tx + PC1.5 TDD band 2Tx (UL MIMO and TxD)+
® Targeting UE type:«

@ Specify UE RF requirements for FWA. <
@ Study the applicable requirements for handheld UE but no normative work in Rel-18¢

® Specify requirements for 3Tx, e.g. clarify the applicable requirements for the band which support UL MIMO in
inter-band UL CA or inter-band EN-DC ¢

@ Note 1: Increase UE power high limit feature is not included¢
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