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1 Introduction
[bookmark: OLE_LINK17][bookmark: OLE_LINK25]In RAN #103 meeting, the new WID of UE RF enhancements for NR FR1/FR2 and EN-DC, Phase 4 was approved in [1], wherein the objectives related to TN high power UE for CA are listed as below:
	High power UE (HPUE) for CA in terrestrial network (TN)
· 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
· [bookmark: OLE_LINK5]Example band combinations: 
· [bookmark: OLE_LINK22]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
· [bookmark: OLE_LINK7]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
· [bookmark: OLE_LINK24]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


It can be seen that there are three following topics:
1. PC1.5 for NR TDD intra-band UL CA (2Tx)
2. Handheld and/or FWA UE related HPUE band combination
3: Increasing UE transmission power limit
[bookmark: OLE_LINK15][bookmark: OLE_LINK37][bookmark: OLE_LINK1][bookmark: OLE_LINK32]In this contribution, we give some further discussions on R19 increasing UE transmission power limit. 
2	Discussion
[bookmark: OLE_LINK11][bookmark: OLE_LINK23][bookmark: OLE_LINK28][bookmark: OLE_LINK66]The agreements related to R19 Increasing UE transmission power limit in the WF[2] are extracted in the following for convenience.
	General aspect
1.1 New proposed BC configurations for intra-band CA which are not included in the WI objectives 
Agreement based online and further clarification in AH meeting:
· For the lower order power class cases (PC2 and PC3) of same PC1.5 band combination
· Have the Rel-19 basket WIs to cover the necessary requirements
· FFS on whether to have independent basket WIs to cover the requirements in RAN plenary
· For the new UL intra-band CA configurations for PC1.5 
· Have the Rel-19 basket WIs to cover the necessary requirements
· FFS on whether to have independent basket WIs to cover the requirements in RAN plenary
· Discuss the requirements for those new UL intra-band CA configurations for PC1.5 after the general requirements are finalized in this WI

1.2 SAR solution
Way forward: 
FFS on following options SAR solution with consideration the P-MPR is applicable.
-	Option 1: Duty-cycle solution is not considered for any HPUE scenarios in this WI
-  Option 2：Duty-cycle solution is considered for all HPUE scenarios in this WI
-  Option 3：Duty-cycle solution is considered for all HPUE scenarios in this WI except for “increasing UE transmission power limit”
-	Option 4: Duty-cycle solution is considered for limited scenarios, further study which scenarios to consider
4. Increasing UE transmission power
4.1 Scenarios to be considered in Rel-19
Way forward: Consider the following options and further discuss it in future meetings
· Option 1: For 2Tx, if based on existing specified combos, there seems no new scenarios to be considered so far. For 3Tx, the following scenarios may could be considered. (Samsung)
	[bookmark: OLE_LINK8]Indicated PC for A-B
(3Tx in total)
	PC for band A of A-B
(1Tx)
	PC for band B of A-B
(2Tx)
	The total power
(dBm)
	Note

	PC2
	PC3
	PC2
	27.8
	One CC per band 

	PC1.5
	PC3
	PC1.5
	30.0
	One CC per band; For FWA only



· Option 2: the following power class configuration could be considered in Rel 19 for UE increasing high power limit. (Xiaomi)
· PC3 (TDD/FDD) +PC1.5
· PC2 (TDD with TxD) +PC3 (TDD/FDD)
· PC2 (TDD) +PC5
· Option 3: To consider the following eligible inter-band CA/ENDC band combination to enable increase higher power limit feature in Rel-19 (ZTE)
· For PC2 2Tx inter-band NR CA and ENDC:
· Inter-band with intra-band UL CA in one of the bands
· For HPUE 3Tx inter-band NR CA and ENDC:
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]PC2 band combination of PC3+PC2 with single carrier in each band.
· PC1.5 band combination of PC3+PC1.5 with single carrier in each band.
· PC1.5 band combination of PC2+PC1.5 with single carrier in each band.
Note: Only PC3 is considered for LTE FDD in EN-DC
· Option 4: For both FWA and handheld UE, at least, the increasing UE power high limit feature should be introduced for 3Tx UL CA/EN-DC configured with PC3 band and PC2 band. Other power class configurations can also be discussed if they are included in the scope of 3Tx in Rel-19 WI. (DOCOMO)

4.2  On MSD impact
Way forward: Consider the following proposals and further discuss it in future meetings
· Proposal 1: Consider impact to the MSD requirements, e.g., whether to define MSD requirements for various combinations of per-band power classes such as PC1.5+PC2/3/5, PC2+PC5, etc. (Huawei)
· Proposal 2: RAN4 shall be mindful on defining MSD requirements for the new UL configurations supporting “Increasing UE power high limit for CA and DC” feature. (Apple)
· Proposal 3: For Rel-19, RAN4 to identify the additional conditions that must also be met before a new MSD test case is justified in context of a new power class aggregation for an already specified ULCA inter-band combination. For example, if an MSD test case exists for a PC1.5 CA power class UE comprising a PC3 UL band and a PC1.5 UL band, does a new case need to be defined when the same band combination is enabled for PC2 + PC1.5 UL? (Qualcomm) 



[bookmark: OLE_LINK31]In our contribution [3], we give the brief summary for the increasing UE transmission power limit for HPUE NR inter-band uplink CA and EN-DC HPUE in Rel-17 and Rel-18. Based on the brief summary in [3], we can observe: 
[bookmark: OLE_LINK34][bookmark: OLE_LINK53]Observation 1: In Rel-17 increasing UE transmission power limit work, the scope is only focus on the PC2 band combination with PC3 (TDD or FDD band) + PC2 (TDD band), where PC3 (TDD or FDD band) + PC2 (TDD band).
[bookmark: OLE_LINK10]Observation 2: In Rel-18 increasing UE transmission power limit work, one new scope is added, i.e. PC3 band combination with PC5 + PC3 (TDD or FDD band), and also intra-band UL CA is considered in one of the band.
- PC2 band combination with UL inter-band with intra-band CA is not included in R18. 
[bookmark: OLE_LINK9][bookmark: OLE_LINK2]Observation 3: Same R17 approach is reused for R18 to enable increase higher power limit feature, i.e. the PPowerClass,CA is replaced by the sum of the linear value of the maximum UE power according to the reported power class per band.
Observation 4: No new power class was introduced to enable higher power limit in Rel-17 and Rel-18.
Observation 5: No new MSD requirements are defined when enabling increase higher power limit feature.
[bookmark: OLE_LINK39][bookmark: OLE_LINK50]Observation 6: A general way for the eligible band combination as mentioned in observations 1 and 2 to enable increase higher power limit feature is used in the NOTE description inTS38.101-1/3.
[bookmark: OLE_LINK52]In R19 increasing UE transmission power limit work, we do believe more eligible band combination should be considered, especial to include 3Tx inter-band NR CA/ENDC. We think the the existing approaches shall be applied, where per-band power class reporting mechanism is kept. Thus we do believe it is feasible to 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. It shall be noted increasing UE transmission power limits feature is an optional feature, relies on the IE higherPowerLimit-r17 reporting.
[bookmark: OLE_LINK44][bookmark: OLE_LINK40]Morevoer, in terms of the objective,  the cases of NR inter-band uplink CA and EN-DC HPUE with the same power classes are precluded.
Observation 7: The case of NR inter-band uplink CA and EN-DC HPUE with the same power classes are precluded in R19 increasing UE transmission power work.
[bookmark: OLE_LINK13]With the feasibility, what we should do is to define the supported cases (a.k.a. eligible band combination) to our understanding. For the eligible band combination for 2Tx inter-band NR CA and ENDC, we propose to consider some additional eligible band combinations as shown in the following table 1.
[bookmark: OLE_LINK72]Table 1: Eligible HPUE 2Tx inter-band NR CA and ENDC
	eligible BC 
combination PC
	band nX PC (1Tx)
	band nY PC (1Tx)
	enable high power limits

	
	
	
	total power (dBm)
	single carrier in each band
	[bookmark: OLE_LINK71]intra-band UL CA in one of the band

	PC3
	PC3
	PC5
	24.6
	R18 support
	R18 support

	PC2
	PC3
	PC2
	27.8
	R17 support
	Propose to be included in R19


The reasons for including PC2 band combination with PC3+PC2 where intra-band UL CA in one of the band is that there are already several such PC2 band combination are included in TS38.101-1 v18.5.0, and also there are more such PC2 band combination included in the R18 big CR[4] in the basket WID HPUE_FR1_TDD_NR_CADC_SUL_R18, as shown in the following table.
[bookmark: OLE_LINK12]Table 6.2A.1.3-1: UE Power Class for uplink inter-band CA (two bands) (Extracted from [4])
	Uplink CA Configuration
	Class 1 (dBm)	
	Tolerance (dB)	
	Class 2 (dBm)
	Tolerance
(dB)	
	Class 3 (dBm)
	Tolerance (dB)	
	Class 4 (dBm)
	Tolerance (dB)

	...

	CA_n3A-n41C
	
	
	266
	+2/-3
	23
	+2/-3
	
	

	...

	CA_n3A-n79C
	
	
	266
	+2/-3
	23
	+2/-3
	
	

	...

	CA_n8A-n79C
	
	
	266
	+2/-3
	23
	+2/-3
	
	

	...

	CA_n28A-n41C
	
	
	266
	+2/-3
	23
	+2/-3
	
	

	...

	CA_n28A-n79C
	
	
	266
	+2/-3
	23
	+2/-3
	
	

	...

	CA_n39A-n41C
	
	
	266
	+2/-3
	23
	+2/-3
	
	

	...

	CA_n40A-n79C
	
	
	266
	+2/-3
	23
	+2/-3
	
	

	...

	CA_n41A-n79C
	
	
	266
	+2/-3
	23
	+2/-3
	
	

	CA_n41C-n79A
	
	
	266
	+2/-3
	23
	+2/-3
	
	

	...

	..
NOTE 7:	The UE that supports a PC2 uplink CA configuration with single carrier for each individual band and a composite of supporting PC3 within an NR TDD or FDD band and PC2 within a second NR TDD band may signal a higherPowerLimit-r17 capability whereby the maximum output power indicated in the table may be exceeded in accordance with sub-clause 6.2A.4.1.3. The power classes referenced are according to the reported ue-PowerClassPerBandPerBC-r17 if indicated or ue-PowerClass otherwise.
NOTE 8:	The UE that supports a PC3 uplink CA configuration with a composite of supporting PC3 within an NR TDD or FDD band and PC5 within a second NR band listed in Table 6.2F.1-1 may signal a higherPowerLimit-r17 capability whereby the maximum output power indicated in the table may be exceeded in accordance with sub-clause 6.2A.4.1.3. The power classes referenced are according to the reported ue-PowerClassPerBandPerBC-r17 if indicated or ue-PowerClass otherwise.


[bookmark: OLE_LINK20][bookmark: OLE_LINK21]However, due to Rel-18 WID have already been completed, thus we think it should be included in Rel-19. Moreover, regarding this types of 2Tx PC2 band combination (ex. UL CA_nXA-nYC), due to the power for the band nYC are the same (i.e. 26dBm) with or without increasing high power limits, so there are no need to re-visit harmonic/Rx harmonic mixing/cross band isolation MSD requirements. 
[bookmark: OLE_LINK41]For IMD MSD requirements for PC2 UL CA_nXA-nYC band combination, it includes:
1. 2UL IMD caused by nYC
2. triple beat IMD cause by nXA+nYC
3: 2UL IMD cause by nXA+nYA
The power setting in each transmitter is based on the Note1 in table Table 7.3A.5-1a (TS38.101-1):
Note 1: ‘Both of the transmitters shall be set min(+23 dBm, PCMAX_L,f,c) as defined in clause 6.2A.4’
Actually the power configuration in reality for each transmitter can be configured for any values, but the purpose for the power split equally in each transmitter is to get the worst case receiver performance (i.e. MSD). 
For the function of min(+23 dBm, PCMAX_L,f,c) for PC2 band combinations, due to the total power configured would be capped by 26dBm, there are several cases for each transmitter power, i.e. PCMAX_L,f,c1 and PCMAX_L,f,c2:
1: Both PCMAX_L,f,c1 and PCMAX_L,f,c2 are smaller than 23dBm, then the transmitters should be set PCMAX_L,f,c1 + PCMAX_L,f,c2 
2: PCMAX_L,f,c1 is smaller than 23dBm, and PCMAX_L,f,c2 is larger than 23dBm and smaller than 26dBm, then the transmitters should be set PCMAX_L,f,c1+ 23dBm.  
3: PCMAX_L,f,c of each transmitter are all larger than 23dBm and smaller than 26dBm, then the transmitters should be set 23dBm+23dBm.
[bookmark: OLE_LINK36][bookmark: OLE_LINK26]Obviously, the MSD caused by power configurations in the former two ones are smaller than the MSD in last one. For the above three types IMD MSD requirement, we think the MSD requirements would be same for 2Tx PC2 UL CA_nXA-nYC with or without high power limits feature. In other words, there is no need to define new IMD MSD requirement for UL CA_nXA-nYC when high power limits feature is enabled because it was already covered by the PC2 UL CA_nXA-nYC without increasing high power limits.
[bookmark: OLE_LINK19][bookmark: OLE_LINK27]It should be noted that only PC2 TDD supports intra-band UL CA is considered in PC2 UL inter-band configuration in Rel-18. For PC2 FDD included in future, the MSD requirements shall be first discussed in the R19 basket WID, rather than in this WID. But the situation would be the same with PC2 TDD supports intra-band UL CA.
Based on the above considerations, we have the following proposals:
[bookmark: OLE_LINK29][bookmark: OLE_LINK33][bookmark: OLE_LINK30][bookmark: OLE_LINK16][bookmark: OLE_LINK42][bookmark: OLE_LINK48][bookmark: OLE_LINK47]Proposal 1. To consider the following additional eligible PC2 2Tx inter-band NR CA and ENDC to enable increasing higher power limit in Rel-19:
· [bookmark: OLE_LINK18]Inter-band with intra-band UL CA in one of the NR band
For PC2/PC1.5 3Tx inter-band NR CA and ENDC, we also propose to consider some additional eligible band combinations as showns in the following table 2.
Table 2: Eligible HPUE 3Tx inter-band NR CA and ENDC
	Eligible BC combination PC
	band nX PC (1Tx)
	band nY PC (2Tx)
	enable high power limits

	
	
	
	total power (dBm)
	single carrier in each band
	intra-band UL CA in one of the band

	PC2
	PC3 
	PC2
	27.8
	Propose to be included in R19

	PC1.5
	PC3 
	PC1.5
	30
	Propose to be included in R19

	
	PC2 
	PC1.5
	30.8
	Propose to be included in R19


In table 2, except for some existing configurations in Rel-18, one additional eligible configuration of PC2+PC1.5 is added to enable more than 30dBm total maximum power. 
For the MSD requirements, it seems the similar situation as PC2 2Tx inter-band NR CA and ENDC would be applied. Of course, MSD requirements for the new configurations shall be studied but the work belongs to R19 basket WID.
Therefore, we have the following proposal:
[bookmark: OLE_LINK14][bookmark: OLE_LINK45][bookmark: OLE_LINK35][bookmark: OLE_LINK89]Proposal 2. To consider the following additional eligible HPUE 3Tx inter-band NR CA and ENDC with up to 3CC in UL bands to enable increasing higher power limit in Rel-19:
· [bookmark: OLE_LINK74]PC2 band combination of PC3+PC2 
· PC1.5 band combination of PC3+PC1.5
· PC1.5 band combination of PC2+PC1.5
Note: Only PC3 is considered for LTE FDD in EN-DC
[bookmark: OLE_LINK46]Proposal 3. There is no need to study the MSD for increasing higher power limit. The MSD requirements for the new configurations should be studied in the corresponding R19 basket WID.
3 Conclusion
In this contribution, we give some discussions on the R19 increasing UE transmission power limit. the proposals and conclusions are:
Observation 1: In Rel-17 increasing UE transmission power limit work, the scope is only focus on the PC2 band combination with PC3 (TDD or FDD band) + PC2 (TDD band), where PC3 (TDD or FDD band) + PC2 (TDD band).
Observation 2: In Rel-18 increasing UE transmission power limit work, one new scope is added, i.e. PC3 band combination with PC5 + PC3 (TDD or FDD band), and also intra-band UL CA is considered in one of the band.
- PC2 band combination with UL inter-band with intra-band CA is not included in R18. 
Observation 3: Same R17 approach is reused for R18 to enable increase higher power limit feature, i.e. the PPowerClass,CA is replaced by the sum of the linear value of the maximum UE power according to the reported power class per band.
Observation 4: No new power class was introduced to enable higher power limit in Rel-17 and Rel-18.
Observation 5: No new MSD requirements are defined when enabling increase higher power limit feature.
Observation 6: A general way for the eligible band combination as mentioned in observations 1 and 2 to enable increase higher power limit feature is used in the NOTE description inTS38.101-1/3.
Observation 7: The case of NR inter-band uplink CA and EN-DC HPUE with the same power classes are precluded in R19 increasing UE transmission power work.
Proposal 1. To consider the following additional eligible PC2 2Tx inter-band NR CA and ENDC to enable increasing higher power limit in Rel-19:
· Inter-band with intra-band UL CA in one of the NR band
Proposal 2. To consider the following additional eligible HPUE 3Tx inter-band NR CA and ENDC with up to 3CC in UL bands to enable increasing higher power limit in Rel-19:
· PC2 band combination of PC3+PC2 
· PC1.5 band combination of PC3+PC1.5
· PC1.5 band combination of PC2+PC1.5
Note: Only PC3 is considered for LTE FDD in EN-DC
[bookmark: OLE_LINK49]Proposal 3. There is no need to study the MSD for increasing higher power limit. The MSD requirements for the new configurations should be studied in the corresponding R19 basket WID.
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