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1	Introduction
In last RAN plenary meeting, a new WID [1] on Power Class 2 UE for NR inter-band CA and SUL configurations with 2 bands UL was agreed. One of the objectives are shown below.
1) Specify the applicable scheme for power class 2 UE to facilitate compliance with the SAR limits for band combinations of power class 2
· For NR inter-band CA with 2 bands uplink, specify the scheme for inter-band UL CA to facilitate compliance with SAR limits for band combinations of power class 2
i. The power configurations include two cases as shown below
	
	UE power class
	NR Carrier x power class
	NR Carrier y power class

	Case a
	26dBm
	23dBm
	23dBm

	Case b
	26dBm
	23dBm
	26dBm

	Case c
	26dBm
	26dBm
	26dBm


i. [bookmark: _Hlk44453470][bookmark: _Hlk44453526]For case a and case b, there are two scenarios including FDD +TDD (carrier x + carrier y) and TDD +TDD (carrier x + carrier y), and the scenarios for FDD+TDD and TDD+TDD will be discussed separately.
ii. For case c, there is one scenario including TDD +TDD (carrier x + carrier y).
iii. Consider necessary signalling for support of Case a and Case b if any
Note: RAN4 needs to discuss whether the specified RAN2 signalling UE can be reused to solve the issues in this WI. If there is RAN2 signalling impact then RAN4 will send LS to RAN2 to inform the solution. No RAN2 TUs are requested for this WI.
2) Specify the band-combination specific RF requirements for all listed power class 2 NR inter-band UL CA and specify the SAR solution for SUL configurations with power class 2 on NUL and power class 3 on SUL
· For inter-band CA
i. Maximum output power, configured transmitted power.
ii. Analysing combinations that have self-desensitization, applicable ∆TIB, c and ∆RIB, c and reference sensitivity exceptions including MSD test cases.
iii. Other additional impact to the requirements due to the high power on UL, if necessary
Note: for a band combination, the common requirements are expected
According to the above, the first issue shall be discussed/solved is the applicable scheme to ensure UE supporting PC2 inter-band UL CA operation compliance to the SAR limits and the associated RF requirements for the HPUE NR inter-band CA listed in the WID. In this contribution, we give some initial discussion on the applicable schemes to compliance to SAR issue and the RF requirements for HPUE NR inter-band CA.
2	Discussion
2.1  SAR discussion
Usually, there are two effective approaches to help high power UE to compliance to the SAR limits, i.e. reduce the Tx power and reduce the Tx transmission time. In 3GPP specification, the former one is known as UE-based approach, i.e. P-MPR manner, and the latter one is known as network-based approach, i.e. duty cycle, which is the HPUE UE is assumed to be capable of maintaining the PC2 power if the network setting or scheduling does not exceed the maxUplinkDutyCycle.
According to the WID, due to the different supported power in each NR carrier, the scenarios for PC2 UE inter-band CA include both FDD-TDD CA ( i.e. case a and case b) and TDD-TDD CA (i.e. case a, case b and case c). In RAN4 , there are two WID on HPUE ENDC FDD-TDD and TDD-TDD, it should be noted that HPUE TDD-TDD ENDC have been completed while HPUE ENDC FDD-TDD is still under discussion.
HPUE FDD-TDD ENDC
According to the outcomes of  HPUE FDD-TDD ENDC SI in [2], RAN4 conclude that with introduction of  the mechanism in scheme 2, i.e. two fixed LTE reference configurations were specified, i,e, {DutyLTE1, DutyLTE2} = {70%, 40%}, UE reports maximal NR UL duty capability set {maxNRDuty1, maxNRDuty2}) which can fulfil SAR limits assuming LTE FDD side being configured as the defined reference configurations with the maximum UL power. 
HPUE TDD-TDD ENDC
UE report its capability of maxUplinkDutyCycle-EN-DC to indicate the maximum percentage of symbols during a certain evaluation period that can be scheduled for NR uplink transmission under different EUTRA TDD uplink-downlink configurations so as to ensure compliance with SAR limits, which is the indicated maximum duty cycles for NR TDD bands are based on the LTE TDD band duty cycles.
It can be seen that no matter for FDD-TDD or TDD-TDD ENDC, the reported duty cycle for NR bands are based on the configured LTE band duty cycle. In other words, it no need to report dutycycles for both LTE and NR. Instead, UE report its capability of maxUplinkDutyCycle-EN-DC which indicates that the maxUplinkDutyCycle capability of NR band. 
Observation. For HPUE FDD-TDD/TDD-TDD ENDC, the reported duty cycle for NR bands are based on the configured LTE band duty cycles.
HPUE FDD-TDD inter-band CA
For HPUE FDD-TDD inter-band CA, it seems there are no differences with FDD-TDD ENDC for the band X/nX +band nY due to band X/nX are FDD bands considering the default duty cycle for FDD band is 100% and the similar method such as reduce the FDD band duty cycle is applied. Therefore, we think it is reasonable for For HPUE FDD-TDD inter-band CA to adopt the same way as HPUE FDD-TDD ENDC to compliance to the SAR limits, i.e. UE reports maximal NR TDD UL duty capability set {maxNR_TDDDuty1, maxNR_TDDDuty2} based on the defined reference configurations for NR FDD band {maxNR_FDDDuty1, maxNR_FDDDuty2}. The values set of {maxNR_FDDDuty1, maxNR_FDDDuty2}may need to be reconsidered.
Proposal 1. For HPUE FDD-TDD inter-band CA, UE reports maximal NR TDD UL duty capability set {maxNR_TDDDuty1, maxNR_TDDDuty2} based on the defined reference configurations for NR FDD band {maxNR_FDDDuty1, maxNR_FDDDuty2}. The values set of {maxNR_FDDDuty1, maxNR_FDDDuty2}may need to be reconsidered.
HPUE TDD-TDD inter-band CA
For HPUE TDD-TDD inter-band CA, due to the NR TDD frame structures are different with LTE TDD, where flexible slot ‘X’ is introduced for NR TDD, and ‘X’ can be configured as ‘D’ or ‘U’, which means there are more than 7 UL/DL configurations for NR TDD band. Therefore, to keep flexible for each NR TDD band, it is proposed that the duty cycle for each NR TDD band shall be reported by UE, which is the similar scheme as scheme 1 included in TR37.815 can be applied.
The equation for the overall duty cycle threshold for HPUE TDD-TDD inter-band CA is:
Dutynx *( Pnx/ P26) + Dutyny *(Pny/ P26)  ≤ Duty threshold
Pnx, Pny, P26 represent the maximum linear power (mW) of NR TDD nX, NR TDD nY, and NR CA power class 2 respectively; Dutynx, Dutyny represent the maximum uplink percentage of NR TDD nX, NR TDD nY respectively. Duty threshold represents the maximum UL duty cycle that can maintain the PC2 power class for TDD+TDD inter-band CA HPUE.
With the power configurations in the WID, we can get 
case a: 0.5*Dutynx  + 0.5*Dutyny  ≤ Duty threshold
case b: 0.5*Dutynx  + Dutyny  ≤ Duty threshold
case c: Dutynx  + Dutyny  ≤ Duty threshold
Dutynx, Dutyny for the two NR TDD bands are determined by scheduling. For all the cases, the duty threshold could be the same and fix value to reduce the scheduling complexity. The HPUE can be kept if the Dutynx and Dutyny scheduled are not exceed the duty threshold based on the equation.
Proposal 2. For HPUE TDD-TDD inter-band CA, UE reports the duty cycle for each NR TDD band.
In addition, the new signaling in RAN2 are foreseen to be expected to support PC2 inter-band FDD-TDD/TDD-TDD CA, which is depend on the outcomes of the SAR solutions.  
2.2  RF requirements
The power class 2 NR inter-band CA band combination configurations are defined in the table 1 below:
Table 1: Power class 2 NR Inter-band CA for 2 bands DL with 2 bands UL (cited from WID [1])
	NR CA
configuration
	Uplink CA
configuration
	contact
name, company
	Contact email
	other supporting companies
(min. 3)
	status
(new, ongoing, completed, stopped)

	CA_n1A-n78A
	CA_n1A-n78A
	Bo Liu, 
China Telecom
	liubo1@chinatelecom.cn 
	Nokia, Nokia Shanghai Bell, vivo, CATT, OPPO
	
new

	CA_n3A-n78A
	CA_n3A-n78A
	Bo Liu, 
China Telecom
	liubo1@chinatelecom.cn 
	Nokia, Nokia Shanghai Bell, vivo, CATT, OPPO
	
new

	CA_n41A-n71A
	CA_n41A-n71A
	Bill Shvodian, 
T-Mobile USA
	Bill.shvodian@t-mobile.com
	Nokia, Nokia Shanghai Bell, Ericsson
	new

	CA_n41A-n66A
	CA_n41A-n66A
	Bill Shvodian, 
T-Mobile USA
	Bill.shvodian@t-mobile.com
	Nokia, Nokia Shanghai Bell, Ericsson
	new

	CA_n25A-n41A
	CA_n25A-n41A
	Bill Shvodian, 
T-Mobile USA
	Bill.shvodian@t-mobile.com
	Nokia, Nokia Shanghai Bell, Ericsson
	new

	CA_n41A-n79A
	CA_n41A-n79A
	Shao Zhe, CMCC
	shaozhe@chinamobile.com
	Huawei, HiSilicon, ZTE, CATT
	new

	CA_n40A-n41A
	CA_n40A-n41A
	Shao Zhe, CMCC
	shaozhe@chinamobile.com
	Huawei, HiSilicon, ZTE, CATT
	new

	CA_n40A-n79A
	CA_n40A-n79A
	Shao Zhe, CMCC
	shaozhe@chinamobile.com
	Huawei, HiSilicon, ZTE, CATT
	new

	CA_n28A-n41A
	CA_n28A-n41A
	Shao Zhe, CMCC
	shaozhe@chinamobile.com
	Huawei, HiSilicon, ZTE, CATT
	new

	CA_n28A-n79A
	CA_n28A-n79A
	Shao Zhe, CMCC
	shaozhe@chinamobile.com
	Huawei, HiSilicon, ZTE, CATT
	new

	CA_n3A-n41A
	CA_n3A-n41A
	Shao Zhe, CMCC
	shaozhe@chinamobile.com
	Huawei, HiSilicon, ZTE, CATT
	new

	CA_n3A-n79A
	CA_n3A-n79A
	Shao Zhe, CMCC
	shaozhe@chinamobile.com
	Huawei, HiSilicon, ZTE, CATT
	new

	CA_n40A-n78A
	CA_n40A-n78A
	Vinay Shrivastava, Reliance Jio
	vinay.shrivastava@ril.com
	CeWIT, Huawei, HiSilicon, Indian Institute of Technology Madras, Indian Institute of Technology Hyderabad, Saankhya Labs Pvt. Ltd., Tejas Networks Ltd.
	new



Observation. No BCS defined in the table for PC2 inter-band CA, also no supported channel bandwidth information.
It seems the approach for PC2 inter-band CA are re-used from PC2 inter-band ENDC. It shall be noted that it is no need to define BCS and the supported channel bandwidth for the constituent band for both PC3 and PC2 ENDC. However, for CA, no matter PC3 intra-band contiguous/non-contiguous CA or inter-band CA, the BCS associated with the supported channel bandwidth are important information when a certain CA configurations are introduced since these information are related to UE capability. Even for some PC3 inter-band CA, more than one BCS were introduced due to different supported channel bandwidth for the constituent band. It means even for the same NR CA band combination, the supported channel bandwidth for a certain band may not the same, which is depended on BCS.
Moreover, it shall be noted that not all of channel bandwidth defined in Table 5.3.5-1 in TS38.101-1 v16.4.0 are supported for the bands constitute inter-band CA band combination, that’s because such combinations were requested and completed before the new addition of channel bandwidth introduced in the spec. For these combinations, additional BCS is needed to cover all the channel bandwidths defined in the latest spec.
Therefore, in our understanding, it should clarify that the BCS and the supported channel bandwidth for PC2 inter-band CA with the same manners as PC3 inter-band CA. Otherwise, it is not clear which BCS PC3 inter-band CA shall be supported if PC2 fall back to PC3, also it is not clear which channel bandwidths shall be supported in each band for PC2 inter-band CA which means it is unknown which channel bandwidth shall be applicable with MSD values, especially more new channel bandwidths will be introduced in Rel-17.
Proposal 3. It should clarify that the BCS and supported channel bandwidth for each NR band for PC2 inter-band CA. 
2.2.1 Maximum output power
According to the experiences of the other HPUE topics such as HPUE ENDC, the maximum output power including power class for HPUE inter-band CA combination and the condition (i.e. If/Else if texts in the spec, to be defined for PC2 inter-band CA.) for falling back to default power class(such as PC3).
For the power class definition, it is easy to understand the power class for PC2 inter-band CA can be defined as the same format with PC3 inter-band CA, i.e. 26dBm+Tolerance, where the tolerance is the same as the corresponding PC3 inter-band CA such as +2/-3dB in the case of the transmission bandwidths confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB.
It is no need to introduce a new table to capture the maximum output power for PC2 inter-band CA, instead incorporate it in the existing table 6.2A.1.3-1 in TS38.101-1, shows in following table.
Table 6.2A.1.3-1 UE Power Class for uplink inter-band CA (two bands)
	Uplink CA Configuration
	Class 1 (dBm)	
	Tolerance (dB)	
	Class 2 (dBm)
	Tolerance
(dB)	
	Class 3 (dBm)
	Tolerance (dB)	
	Class 4 (dBm)
	Tolerance (dB)

	CA_nXA-nYA
	
	
	26
	+2/-32
	23
	+2/-32
	
	

	NOTE 2:	2 refers to the transmission bandwidths confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB.



Proposal 4.  Incorporate the maximum output power for the PC2 inter-band CA combination in the existing table 6.2A.1.3-1 in TS38.101-1, i.e. 26dBm+Tolerance where the Tolerance should be the same with the corresponding PC3 inter-band CA combination.
Although there are no agreements on SAR solutions, it can be foreseen the PC2 can fall back to default power class(such as PC3) if the condition meet such as the duty cycle is exceed maxUplinkDutyCycle. Therefore, the preconditions to include PC2 inter-band CA configurations into the specification are the corresponding PC3 inter-band CA shall be completed and specified in advance.
Fortunately, except for CA_n28A-n79A, the corresponding PC3 inter-band CA combination for the other combinations listed in the table in the WID have been already completed in Rel-16. For PC3 CA_n28A-n79A, it have been requested by the proponent and included in Rel-17 NR Inter-band CA_DC xUL_2DL (x=1,2) basket WID.
Proposal 5.  For PC2 inter-band CA, the corresponding PC3 inter-band CA shall be completed and specified in advance.
Proposal 5a. The preconditions for PC2 inter-band CA configurations requesting shall be that the corresponding PC3 inter-band CA configurations are requested at the same time or have been already requested. 
2.2.2 Configured transmitted power

For Pcmax, comparing PC2 with PC3 inter-band CA, the generic principle are the same, such as  PCMAX,c for serving cell c is calculated under the assumption that the transmit power is increased independently on all component carriers, and also MPR/A-MPR for each NR band are applied, etc. Therefore, a simply way to capture the Pcmax for PC2 inter-band CA is introduce a new parameter i.e in the PC3 Pcmax,c equations. where ∆PPowerClass,EN-DC = 3 dB for a power class 2 capable inter-band CA UE when the IE xxxx(to be defined), as defined in TS 38.331, is provided and set to the maximum output power of the default power class or lower; otherwise ∆PPowerClass,EN-DC = 0 dB;

Proposal 6. A new parameter i.e need to be introduced on top of the currently PC3 Pcmax,c equations
2.2.3 ∆TIB, c and ∆RIB, c 
For inter-band CA,  due to the additional insert loss of the new introduction RF end components such as diplexer/triplexer/quadplexer comparing with single carrier operation, ∆TIB, c and ∆RIB, c are used to allow the relaxation of the maximum configurations and REFSEN, respectively. 

For PC2 inter-band CA band combinations, RAN4 should consider to reuse agreed additional insertion losses for the corresponding PC3 inter-band CA band combinations. If the new RF components are introduced, then more detail studies will be needed for some specific PC2 inter-band CA band combinations.
Proposal 7. It is proposed that the ∆TIB, c and ∆RIB, c values for PC2 inter-band CA shall reuse the values of the corresponding PC3 inter-band CA. If the new RF components are introduced, then more detail studies will be needed for some specific PC2 inter-band CA band combinations.
2.2.4 Reference sensitivity exceptions
The reference sensitivity exception is the allowed sensitivity degradation which is known as MSD, caused by harmonic or intermodulation or cross band isolation.
According to the power configurations specified in the WID for PC2 FDD-TDD and TDD-TDD inter-band CA, only case a and case b are applied for PC2 FDD-TDD inter-band CA, and all the three cases are applied for PC2 TDD-TDD inter-band CA. We summarize the corresponding PC3 inter-band CA MSD outcomes and give some proposals for PC3 inter-band CA in table 2.
Table 2. Summarize and proposals
	Uplink CA configuration
	PC3 MSD outcomes in Rel-16
	Proposals for PC2 MSD

	CA_n1A-n78A
	Harmonic: No harmonic problem
IMD: 4th order IMD may fall into band n1 Rx.
MSD: MSD due to IMD4 issue are specified. (No MSD values are defined for cross band isolation)
	case a: The PC3 MSD values can be reused.
case b: MSD values caused by IMD4 need to be re-evaluated

	CA_n3A-n78A
	Harmonic: 2nd order harmonic of Band n3 may fall into Rx frequencies of bands n78 
IMD: 2nd and 4th order IMD may fall into band n3 Rx.
MSD: MSD due to harmonic and IMD2/4 issue are specified. (No MSD values are defined for cross band isolation)
	case a: The PC3 MSD values can be reused.
case b: 
-  PC3 harmonic MSD values can be reused.
- The MSD values for HPUE ENDC DC_3_n78 can be reused. i.e. MSD caused by IMD2 = 31.9dB and IMD4=18.5dB, as specified in R4-2005188.

	CA_n41A-n71A
	Harmonic: 4th order harmonic of Band n71 may fall into Rx frequencies of bands n41 
IMD: 4th order an IMD may fall into band n71 Rx.
MSD: MSD due to harmonic and IMD4 issue are specified. (No MSD values are defined for cross band isolation)
	case a: The PC3 MSD values can be reused.
case b: 
-  PC3 harmonic MSD values can be reused.
- MSD values caused by IMD4 need to be re-evaluated. In addition, MSD caused by cross band isolation need to be evaluated.

	CA_n41A-n66A
	Harmonic: No harmonic problem
IMD: No IMD problem falling into band n66 Rx.
Cross band isolation: n41 filter poor isolation in band n66
MSD: MSD due to cross band isolation are specified for n66.
	case a: The PC3 MSD values can be reused.
case b: MSD values caused by cross band isolation need to be re-evaluated

	CA_n25A-n41A
	Harmonic: No harmonic problem
IMD: No IMD problem falling into band n25 Rx
Cross band isolation: n41 filter poor isolation in band n25
MSD: MSD due to cross band isolation are specified for n25
	case a: The PC3 MSD values can be reused.
case b: MSD values caused by cross band isolation need to be re-evaluated

	CA_n41A-n79A
	Harmonic: No harmonic problem
IMD: No harmonic problem.
MSD: No MSD specified. (No MSD values are defined for cross band isolation although UE supporting inter-band carrier aggregation with mandatory simultaneous Rx/Tx capability.)
	case a: No MSD specified.
case b/c: It is FFS on the MSD values caused by cross band isolation. 

	CA_n40A-n41A
	Harmonic: No harmonic problem
IMD: No IMD problem
MSD: No MSD specified.(No MSD values are defined for cross band isolation due to synchronous operation)
	case a: No MSD specified.
case b/c: No MSD specified.

	CA_n40A-n79A
	Harmonic: 2nd harmonic of Band n40 may fall into Rx frequencies of bands n79
IMD: No IMD problem
MSD: No MSD values are specified for harmonic due to the operator’s spectrum allocation. (No MSD values are defined due to cross band isolation although UE supporting inter-band carrier aggregation with mandatory simultaneous Rx/Tx capability.)
	case a: No MSD specified.
case b/c: It is FFS on the MSD values caused by cross band isolation. 

	CA_n28A-n41A
	Harmonic: No harmonic problem
IMD: No IMD problem falling into band n28 Rx
MSD: No MSD specified. (No MSD are defined for cross band isolation)
	case a: No MSD specified.
case b: No MSD specified.


	CA_n28A-n79A
	(The work will start in Rel-17)
	TBD

	CA_n3A-n41A
	Harmonic: No harmonic problem
IMD: 4th order an IMD may fall into band n3 Rx.
Cross band isolation:  poor isolation in n3
MSD: MSD due to IMD4 and cross band isolation are specified for n3.
	case a: No MSD specified.
case b: The MSD values for HPUE ENDC DC_3_n41 can be reused. i.e. MSD caused by IMD4 = 18.4dB and MSD value due to cross band isolation = 2.3dB for 5/10/15/20MHz, as specified in R4-2008959.

	CA_n3A-n79A
	Harmonic: No harmonic problem
IMD: No IMD problem falling into band n3 Rx
MSD: No MSD specified. (No MSD are defined for cross band isolation)
	case a: No MSD specified.
case b: No MSD specified.


	CA_n40A-n78A
	Harmonic: receiver harmonic mixing(3rd*n40 overlaps with 2nd*n78).
IMD: No IMD problem.
Cross band isolation:  Due to asynchronous operation.
MSD: Due to Rx harmonic mixing and cross band isolation are specified for n40.
	case a: The PC3 MSD values can be reused.
case b/c: MSD values caused by Rx harmonic mixing and cross band isolation need to be re-evaluated due to asynchronous operation



Proposal 8. The MSD for PC2 inter-band  CA can be found in table 2.
3	Conclusion
In this paper,  we give some initial discussion on the applicable schemes to compliance to SAR issue and RF requirements for HPUE inter-band FDD-TDD and TDD-TDD CA. In light of the outcomes of the corresponding HPUE ENDC, the conclusions are summarized as follow:
For SAR solution:
Proposal 1. For HPUE FDD-TDD inter-band CA, UE reports maximal NR TDD UL duty capability set {maxNR_TDDDuty1, maxNR_TDDDuty2} based on the defined reference configurations for NR FDD band {maxNR_FDDDuty1, maxNR_FDDDuty2}. The values set of {maxNR_FDDDuty1, maxNR_FDDDuty2}may need to be reconsidered.
Proposal 2. For HPUE TDD-TDD inter-band CA, UE reports the duty cycle for each NR TDD band.
For RF requirements:
Proposal 3. It should clarify that the BCS and supported channel bandwidth for each NR band for PC2 inter-band CA. 
Proposal 4.  Incorporate the maximum output power for the PC2 inter-band CA combination in the existing table 6.2A.1.3-1 in TS38.101-1, i.e. 26dBm+Tolerance where the Tolerance should be the same with the corresponding PC3 inter-band CA combination.
Proposal 5.  For PC2 inter-band CA, the corresponding PC3 inter-band CA shall be completed and specified in advance.
Proposal 5a. The preconditions for PC2 inter-band CA configurations requesting shall be that the corresponding PC3 inter-band CA configurations are requested at the same time or have been requested. 

Proposal 6. A new parameter i.e need to be introduced on top of the currently PC3 Pcmax,c equations
Proposal 7. It is proposed that the ∆TIB, c and ∆RIB, c values for PC2 inter-band CA shall reuse the values of the corresponding PC3 inter-band CA. If the new RF components are introduced, then more detail studies will be needed for some specific PC2 inter-band CA band combinations.
Proposal 8. The MSD for PC2 inter-band  CA can be found in table 2.
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