


[bookmark: _Hlt448930105][bookmark: _Hlt450066085][bookmark: _Hlt449016246][bookmark: _Hlt450066087][bookmark: _Hlt450051172][bookmark: _Hlt450039480][bookmark: OLE_LINK111][bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting # 111                                    R4-2408351
Fukuoka, Japan, May. 20th – 24th, 2024

Source: 	ZTE Corporation, Sanechips
[bookmark: OLE_LINK6][bookmark: OLE_LINK10]Title: 	On R19 PC1.5 Intra-band contiguous and non-contiguous UL CA
Agenda item:	10.1.1.2.1
Document for:	Approval
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
· 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_LINK12]In last meeting, some agreements/open issues are included in the WF[2]. In this contribution, we give some further discussions on PC1.5 Intra-band contiguous and non-contiguous UL CA. 
2	Discussion
[bookmark: OLE_LINK11][bookmark: OLE_LINK66][bookmark: OLE_LINK28][bookmark: OLE_LINK23]The agreements related to 2Tx PC1.5 for NR TDD intra-band UL contiguous and non-contiguous CA 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

 2. PC1.5 for intra-band contiguous and non-contiguous UL CA
NOTE 1: Intra-band contiguous UL CA includes cases with and without UL MIMO, Intra-band non-contiguous UL CA includes only w/o UL MIMO
NOTE 2: Unless otherwise stated, the issues discussed below are applicable for both contiguous and non-contiguous 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
· [bookmark: OLE_LINK21]Option 2: (Apple, vivo, Skyworks, Meta)
	Architecture
	Description
	Indicated capability
	Support UL MIMO
	Applicable cases
	Note

	[bookmark: OLE_LINK9][bookmark: OLE_LINK8]#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 [bookmark: OLE_LINK91] 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


[bookmark: OLE_LINK20]It can be clearly seen that no Rx RF requirements are impacted.
MPR/A-MPR
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]In current specification, the MPR requirements for both UE indicating IE dualPA-Architecture and UE not indicating IE dualPA-Architecture are defined for PC2 and PC3 intra-band contiguous CA and intra-band non-contiguous CA. For PC2 TDD intra-band CA, there are already commercial 26dBm PAs in the market, which means there exists several architectures can be used for TDD intra-band CA, such as 1Tx with one 26dBm PA(200MHz, cc1+cc2), 2Tx with two 2*23dBm(100MHz per cc) or 2Tx with 23+26dBm(per cc) and so on.
[bookmark: OLE_LINK31]However, for PC1.5 TDD intra-band CA band combination, 2PA (i.e. 2*26dBm) shall be used due to curretly there is no commercial 29dBm single PA, as mentioned by many companies in last meeting. Thus even for PC1.5 single carrier, 2*26dBm PA via TxD is the implementation. As discussed in company paper [4], PC1.5 single carirer via 2*26dBm must be supported for PC1.5 TDD intra-band C/NC CA, but meanwile it should also consider the separation BW and frequency gap limitation for NC CA. 
[bookmark: OLE_LINK30]For PC1.5 intra-band C CA, due to the 29dBm must be achieved by 2*26dBm, and also power sharing between the two carriers should also be taken into account, it is suggested that only to consider the architecture of 2x26 dBm PA + 1 LO with 200MHz BW.
[bookmark: OLE_LINK32]For PC1.5 intra-band NC CA. In our understanding, either ‘2x26 dBm PA + 1 LO with 200MHz BW’ or  ‘2x26 dBm PA + 2LO with 100MHz BW’ could be feasible. However, to consider more flexibility for the separation BW and frequency gap, only consider ‘2x26 dBm PA + 2LO with 100MHz BW’ would be fine.
Proposal 1:
[bookmark: OLE_LINK14][bookmark: OLE_LINK16]-To adopt ‘dualPA-Architecture(2x26 dBm PA + 2 LO with 100MHz BW)’ for PC1.5 intra-band NC CA
[bookmark: OLE_LINK26]-To adopt ‘2x26 dBm PA + 1 LO with 200MHz BW’ for PC1.5 intra-band C CA
[bookmark: OLE_LINK24][bookmark: OLE_LINK42][bookmark: OLE_LINK47][bookmark: OLE_LINK27][bookmark: OLE_LINK29]For A-MPR, it is related to the additional emission mask requirements, signalled by CA_NS_XX for intra-band contiguous CA and CA_NC_NS_XX for intra-band non-contiguous CA. In current spec, CA_NS_04 and CA_NC_NS_04 are used to for PC2/PC3 n41C and n41(2A), respectively. In addition, CA_NC_NS_55/57 are used for CA_n77(2A) for different frequency range associated with CA_NC_NS_01, but there are no CA_NS_XX defined for CA_n77C. Moreover, there are no CA_NS_XX or CA_NC_NS_XX value for n78 intra-band CA. All of these can be applied to PC1.5 intra-band CA.
[bookmark: OLE_LINK76]Observation 1:  For n78, there are no CA_NS_XX or CA_NC_NS_XX values for intra-band CA, and for n77, general CA_NC_NS_01 is used for intra-band non-contiguous CA but no CA_NS_XX value defined for intra-band contiguous CA. For n41, CA_NS_04 and CA_NC_NS_04 are used to for PC2/PC3 n41C and n41(2A),
[bookmark: OLE_LINK48]Proposal 2: No A-MPR requirements are defined for PC1.5 n77/n78 intra-band CA, while the A-MPR requirements are needed to be revisited for PC1.5 n41 intra-band CA.
SAR solution
For the SAR issue, from specification aspect we think the P-MPR solution is the baseline solution, similar with other HPUE topics. On top of the P-MPR approach, for PC2 TDD band/intra-band CA, another way, a.k.a. duty cycle scheme is introduced in the specification.
According to the following general descriptions for intra-band contiguous and non-contiguous CA in sub-clause 4.2:  
d)	All the requirements for intra-band contiguous and non-contiguous CA apply under the assumption of the same slot format indicated by UL-DL-configuration-common in the PCell and SCells for NR SA.
The above text are described in power class agnostic manner, so it is nature to be applicable for PC1.5 intra-band contiguous and non-contiguous CA. Due to the component carries in the UL intra-band CA are synchronized, it is feasible reuse the capability for single carrier case.
[bookmark: OLE_LINK1][bookmark: OLE_LINK50][bookmark: OLE_LINK77][bookmark: OLE_LINK13][bookmark: OLE_LINK54]Proposal 3: For duty cycle based SAR solution, reuse the PC1.5 single CC capability for PC1.5 TDD UL intra-band contiguous and non-contiguous CA. 
Pcmax requirements/telorance
For Pcmax requirements, it is related to the duty cycle based SAR solutions when the preconditions are not meet which cause the maximum output power fallback from 29dBm to PC2/PC3, due to only the descriptions of ΔPPowerClass,CA = 3 with maximum fallback from 26dBm to 23dBm are included in the current spec, so both ΔPPowerClass=3dB and ΔPPowerClass=6dB associated with the descriptions related to duty cycle are needed to be defined.
[bookmark: OLE_LINK57][bookmark: OLE_LINK93]Proposal 4: Pcmax requirement update with ΔPPowerClass =3/6 associated with the descriptions related to duty cycle based SAR solution are needed for PC1.5 TDD UL intra-band contiguous and non-contiguous CA
[bookmark: OLE_LINK92][bookmark: OLE_LINK94]For the Pcmax tolerance, it is unclear for the TLOW/THIGH values associated with the Pcmax range in the WF. To be more clear, the TLOW/THIGH values for Pcmax range should be [23, 29]dBm, i.e. upscoping the range from [23, 26]dBm to [23, 29]dBm
[bookmark: OLE_LINK4]Proposal 5: To be more clear, the PCMAX tolerance for uplink intra-band contiguous/non-contiguous CA are:
	PCMAX
(dBm)
	Tolerance
TLOW(PCMAX)
(dB)
	Tolerance
THIGH(PCMAX)
(dB)

	23 < PCMAX ≤ 29
	3
	2

	21 ≤ PCMAX ≤ 23
	2.0

	20 ≤ PCMAX < 21
	2.5

	19 ≤ PCMAX < 20
	3.5

	18 ≤ PCMAX < 19
	4.0

	13 ≤ PCMAX < 18
	5.0

	8 ≤ PCMAX < 13
	6.0

	-40 ≤ PCMAX < 8
	7.0



3 Conclusion
In this contribution, we give further discussions on PC1.5 Intra-band contiguous and non-contiguous UL CA. The proposals and conclusions are:
Proposal 1:
To adopt ‘dualPA-Architecture(2x26 dBm PA + 2 LO with 100MHz BW)’ for PC1.5 intra-band NC CA
To adopt ‘2x26 dBm PA + 1 LO with 200MHz BW’ for PC1.5 intra-band C CA
Observation 1:  For n78, there are no CA_NS_XX or CA_NC_NS_XX values for intra-band CA, and for n77, general CA_NC_NS_01 is used for intra-band non-contiguous CA but no CA_NS_XX value defined for intra-band contiguous CA. For n41, CA_NS_04 and CA_NC_NS_04 are used to for PC2/PC3 n41C and n41(2A),
Proposal 2: No A-MPR requirements are defined for PC1.5 n77/n78 intra-band CA, while the A-MPR requirements are needed to be revisited for PC1.5 n41 intra-band CA.
Proposal 3: For duty cycle based SAR solution, reuse the PC1.5 single CC capability for PC1.5 TDD UL intra-band contiguous and non-contiguous CA. 
Proposal 4: Pcmax requirement update with ΔPPowerClass =3/6 associated with the descriptions related to duty cycle based SAR solution are needed for PC1.5 TDD UL intra-band contiguous and non-contiguous CA
Proposal 5: To be more clear, the PCMAX tolerance for uplink intra-band contiguous/non-contiguous CA are:
	PCMAX
(dBm)
	Tolerance
TLOW(PCMAX)
(dB)
	Tolerance
THIGH(PCMAX)
(dB)

	23 < PCMAX ≤ 29
	3
	2

	21 ≤ PCMAX ≤ 23
	2.0

	20 ≤ PCMAX < 21
	2.5

	19 ≤ PCMAX < 20
	3.5

	18 ≤ PCMAX < 19
	4.0

	13 ≤ PCMAX < 18
	5.0

	8 ≤ PCMAX < 13
	6.0

	-40 ≤ PCMAX < 8
	7.0
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