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1. Introduction
Rel-18 3Tx and low band 4Rx WI was approved in RAN#98e with WID in [1] and the work for 3Tx in RAN4 as shown in below table starts from this meeting.  In this paper, the RF requirements for 3Tx will be discussed.
	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
·   CA power class or EN-DC power class is PC2
· PC3 FDD band 1Tx + PC2 TDD band 2Tx (UL MIMO and TxD)
· PC3 FDD band 1Tx + PC3 TDD band 2Tx (UL MIMO)
· PC3 TDD band 1Tx + PC2 TDD band 2Tx (UL MIMO)
· CA power class or EN-DC power class is PC1.5
· PC3 FDD 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
· Frequency band combinations considered in this WI is in table 4.1-2 with the contact information inside.



2. 3Tx with PC2 total power class
1) Requirement impact:
The requirements for 3Tx inter-band UL CA with PC2 total power class have been initially analysed in [2]. Below will more detailed analysis on each requirement and how the spec changes would be. 
[bookmark: _Hlk126333624]It should be noticed that comparing to current 2Tx inter-band UL CA, the UE with 3Tx will have one band 1Tx and the other band 2Tx transmission. And for the band with 2Tx capability, it can work in 1port TxD or two port UL MIMO/ULFPTx mode. Therefore, the main difference is how to treat the band with 2Tx.
Observation 1:   The main difference of PC2 3Tx inter-band UL CA comparing to 2Tx inter-band UL CA is how to treat the band with 2Tx which can work in TxD or UL MIMO/ULFPTx.
Table 1 Analysis of requirements for 3Tx inter-band UL CA
	38.101-1 Inter-band UL CA 
	Existing requirement definition
	Inter-band 1Tx +2Tx CA

	[bookmark: _Toc61367346][bookmark: _Toc61372729][bookmark: _Toc68230670][bookmark: _Toc69084083][bookmark: _Toc75467092][bookmark: _Toc76509114][bookmark: _Toc76718104][bookmark: _Toc83580414][bookmark: _Toc84404923][bookmark: _Toc84413532]6.2A.1.3	UE maximum output power for Inter-band CA
	For inter-band uplink carrier aggregation with uplink assigned to two NR bands, UE maximum output power shall be measured over all component carriers from different bands. If each band has separate antenna connectors, maximum output power is defined as the sum of maximum output power from each UE antenna connector.
	MOP is measured over all component carriers from different bands and summed.
For the band with 2Tx:
· when works at 1port with TxD, no specific change is needed
· when works at 2ports with 2Layer (UL MIMO) or with 1Layer transmission, the configurations need to be clarified as in 6.2D.1

	6.2A.2.3	UE maximum output power reduction for Inter-band CA
	For inter-band carrier aggregation with uplink assigned to two NR bands, the requirements in clause 6.2.2 apply for each uplink component carrier.
	Single band MPR apply to each UL component carrier.
For the band with 2Tx:
· when works at 1port with TxD, MPR defined in 6.2G.2 apply
· when works at 2port with 2Layer (UL MIMO) or with 1Layer transmission, the corresponding requirements defined in 6.2D.2 apply.

	6.2A.3.1.3 UE additional maximum output power reduction for Inter-band CA
	Unless specified in Table 6.2A.3.1.3-1, for inter-band carrier aggregation with uplink assigned to two NR bands, the requirements in clause 6.2.3 apply only to the indicated carrier.
The requirements in Table 6.2A.3.1.3-1 are specified in terms of an additional spectrum emission requirement with their associated network signalling values and the allowed A-MPR. Unless otherwise stated, the combined requirements and allowed A-MPR are applicable on both bands when both component carriers are active.
	Single band AMPR apply to each UL component carrier
· If band combination is not included in Table 6.2A.3.1.3-1, for the band with 2Tx:
· when works at 1port with TxD, AMPR defined in 6.2G.3 apply
· when works at 2port with 2Layer (UL MIMO) or with 1Layer transmission, the corresponding requirements defined in 6.2D.3 apply.
· If band combination is included in Table 6.2A.3.1.3-1, all CCs are active with 3Tx transmission, the requirements and AMPRs are combined. For the band with 2Tx:
· when works at 1port with TxD, AMPR defined in 6.2G.3 apply
· when works at 2port with 2Layer (UL MIMO) or with 1Layer transmission, the corresponding requirements defined in 6.2D.3 apply

	[bookmark: _Toc21344272][bookmark: _Toc29801758][bookmark: _Toc29802182][bookmark: _Toc29802807][bookmark: _Toc36107549][bookmark: _Toc37251315][bookmark: _Toc45888121][bookmark: _Toc45888720][bookmark: _Toc61367365][bookmark: _Toc61372748][bookmark: _Toc68230689][bookmark: _Toc69084102][bookmark: _Toc75467111][bookmark: _Toc76509133][bookmark: _Toc76718123][bookmark: _Toc83580433][bookmark: _Toc84404942][bookmark: _Toc84413551]6.2A.4.1.3 Configured transmitted power for Inter-band CA
	For uplink inter-band carrier aggregation, MPRc and A-MPRc apply per serving cell c and are specified in clause 6.2.2 and clause 6.2.3, respectively. P-MPR c accounts for power management for serving cell c. PCMAX,c  is calculated under the assumption that the transmit power is increased independently on all component carriers.
The total configured maximum output power PCMAX shall be set within the following bounds: PCMAX_L ≤ PCMAX ≤ PCMAX_H
	Total transmit power from the two CCs are calculated to derive the Pcmax_L and Pcmax_H with MPR/AMPR of each CC apply.
For the band with 2Tx, the MPR/AMPR of TxD or UL MIMO or ULFPTx defined above apply respectively.

	[bookmark: _Toc61367443][bookmark: _Toc61372826][bookmark: _Toc68230767][bookmark: _Toc69084180][bookmark: _Toc75467190][bookmark: _Toc76509212][bookmark: _Toc76718202][bookmark: _Toc83580523][bookmark: _Toc84405032][bookmark: _Toc84413641]6.3A.1.3	Minimum output power for inter-band CA
	For inter-band carrier aggregation with uplink assigned to two NR bands, the minimum output power is defined per carrier and the requirement is specified in clause 6.3.1.
	Single band requirement applies to each CC.
For the band with 2Tx:
· when works at 1port with TxD, Min power defined in 6.3G.1 apply
· when works at 2port, the corresponding requirements defined in 6.3D.1 apply.

	6.3A.2.3	Transmit OFF power for inter-band CA
	For inter-band carrier aggregation with uplink assigned to two NR bands, the transmit OFF power specified in clause 6.3.2 is applicable for each component carrier when the transmitter is OFF on all component carriers. The transmitter is considered to be OFF when the UE is not allowed to transmit on any of its ports.
	Single band requirement applies to each CC when all the transmitters are OFF.
For the band with 2Tx:
· when works at 1port with TxD, requirements defined in 6.3G.2 apply
· when works at 2port, the corresponding requirements defined in 6.3D.2 apply.

	6.3A.3.3	Transmit ON/OFF time mask for inter-band CA
	For inter-band carrier aggregation with uplink assigned to two NR bands, the general output power ON/OFF time mask specified in clause 6.3.3.1 is applicable for each component carrier during the ON power period and the transient periods. The OFF period as specified in clause 6.3.3.1 shall only be applicable for each component carrier when all the component carriers are OFF.
	Single band requirement applies to each CC, and the OFF power is applicable only when all the CCs are OFF.
For the band with 2Tx:
· when works at 1port with TxD, requirements defined in 6.3G.3 apply
· when works at 2port, the corresponding requirements defined in 6.3D.3 apply.

	6.3A.4.3	Power control for inter-band CA
	No requirements unique to CA operation are defined.
	No requirements unique to CA operation are defined.

	6.4A.1.3	Frequency error for inter-band CA
	For inter-band carrier aggregation with uplink assigned to two NR bands, the frequency error requirements defined in clause 6.4.1 shall apply on each component carrier with all component carriers active.
	Single band requirement applies to each CC with both CCs active.
For the band with 2Tx:
· when works at 1port with TxD, requirements defined in 6.4G.1 apply, i.e. per connector
· when works at 2port, the corresponding requirements defined in 6.4D.1 apply, i.e. per layer.

	6.4A.2.3	Transmit modulation quality for inter-band CA
	For inter-band carrier aggregation with uplink assigned to two NR bands, the transmit modulation quality requirements shall apply on each component carrier as defined in clause 6.4.2 with all component carriers active: PCC with PRB allocation and SCC without PRB allocation and without CSI reporting and SRS configured.
	Single band requirement applies to each CC with both CCs active.
For the band with 2Tx:
· when works at 1port with TxD, requirements defined in 6.4G.2 apply
· when works at 2port, the corresponding requirements defined in 6.4D.2 apply

	6.5A.1.3	Occupied bandwidth for Inter-band CA
	For inter-band carrier aggregation with uplink assigned to two NR bands, the occupied bandwidth is defined per component carrier.
	Single band requirement applies to each CC.
For the band with 2Tx:
· when works at 1port with TxD, requirements defined in 6.5G.1 apply
· when works at 2port, the corresponding requirements defined in 6.5D.1 apply

	6.5A.2.2.3 Spectrum emission mask for Inter-band CA
	For inter-band carrier aggregation with uplink assigned to two NR bands, the spectrum emission mask of the UE is defined per component carrier while both component carriers are active and the requirements are specified in clauses 6.5.2.1 and 6.5.2.2.
	Single band requirement applies to each CC with both CCs active.
For the band with 2Tx:
· when works at 1port with TxD, requirements defined in 6.5G.2 apply
· when works at 2port, the corresponding requirements defined in 6.5D.2 apply

	[bookmark: _Toc61367629][bookmark: _Toc61373012][bookmark: _Toc68230961][bookmark: _Toc69084374][bookmark: _Toc75467384][bookmark: _Toc76509406][bookmark: _Toc76718396][bookmark: _Toc83580734][bookmark: _Toc84405243][bookmark: _Toc84413852]6.5A.2.3.3	Additional spectrum emission mask for Inter-band CA
	No requirement defined
	No requirement defined

	6.5A.2.4.1.3	NR ACLR for Inter-band CA
	For inter-band carrier aggregation with uplink assigned to two NR bands, the NR Adjacent Channel Leakage power Ratio (NRACLR) is defined per component carrier while both component carriers are active and the requirement is specified in clause 6.5.2.4.1.
	Single band requirement applies to each CC with both CCs active.
For the band with 2Tx:
· when works at 1port with TxD, requirements defined in 6.5G.2 apply
· when works at 2port, the corresponding requirements defined in 6.5D.2 apply

	6.5A.3.2.3 Spurious emissions for UE co-existence for Inter-band CA
	For inter-band carrier aggregation with the uplink assigned to two NR bands, the requirements in Table 6.5A.3.2.3-1 apply on each component carrier with all component carriers are active.
	Single band requirement applies to each CC with both CCs active.
For the band with 2Tx:
· when works at 1port with TxD, requirements defined in 6.5G.3 apply
· when works at 2port, the corresponding requirements defined in 6.5D.3 apply

	6.5A.4.2.3 Transmit intermodulation for Inter-band CA
	For inter-band carrier aggregation with uplink assigned to two NR bands, the transmit intermodulation requirement is specified in Table 6.5.4-1 which shall apply on each component carrier with both component carriers active.
	Single band requirement applies to each CC with both CCs active.
For the band with 2Tx:
· when works at 1port with TxD, requirements defined in 6.5G.4 apply
· when works at 2port, the corresponding requirements defined in 6.5D.4 apply



To summarize, the following inter-band UL CA requirements are defined as reusing single band requirements for each CC. And for these requirements, the only change needed for 3Tx is to clarify requirements for the band with 2Tx, i.e. add references of 1 port TxD and 2 port UL MIMO requirements.
· 6.2A.2.3	UE maximum output power reduction for Inter-band CA
· 6.2A.3.1.3 UE additional maximum output power reduction for Inter-band CA
· 6.3A.1.3	Minimum output power for inter-band CA
· 6.3A.2.3	Transmit OFF power for inter-band CA
· 6.3A.3.3	Transmit ON/OFF time mask for inter-band CA
· 6.4A.1.3	Frequency error for inter-band CA
· 6.4A.2.3	Transmit modulation quality for inter-band CA
· 6.5A.1.3	Occupied bandwidth for Inter-band CA
· 6.5A.2.2.3 Spectrum emission mask for Inter-band CA
· 6.5A.2.4.1.3	NR ACLR for Inter-band CA
· 6.5A.3.2.3 Spurious emissions for UE co-existence for Inter-band CA
· 6.5A.4.2.3 Transmit intermodulation for Inter-band CA
For other requirements (MOP and Pcmax), power is summed from each CC with necessary MIMO configurations clarified in the spec.
[bookmark: _Hlk126335909]Observation 2:   Most inter-band UL CA requirements are defined by reusing single band requirements for each CC. For these requirements, the 3Tx inter-band UL CA can be defined by referring to TxD or UL MIMO requirements for the CC with 2Tx.
Proposal 1:         Introduce 3Tx with PC2 inter-band UL CA by adding some clarifications in the current inter-band UL CA requirements, more detailed below as starting point:
· Clarify the applicable requirements for the band with 2Tx, i.e. add references of 1 port TxD and 2 port UL MIMO requirements for MOP, MPR, AMPR, Min Pow, OFF Pow, ON/OFF time mask, Freq Error, transmit modulation quality, Occupied CBW, SEM, ACLR, Spurious Emission, Transmit intermodulation.
· Clarify the MIMO configurations for MOP and Pcmax.
2) Different band combinations impact:
[bookmark: _Hlk126344878]From the above it can be seen that the Tx requirements are common for all inter-band combinations, and no specific requirements need to be defined for each band combination.
Observation 3:   Tx requirements are common for all inter-band combinations, and no specific requirements need to be defined for each band combination.
For the Rx requirements especially RFSENS and MSD caused by interferences, they are more like band combination specific requirements. However, for total power class PC2, there is no need to redefine the requirements as long as the band combination has been covered by existing spec. Therefore, below are some summarize of current status of the example band combinations:
	
	Covered by existing spec?

	CA_n28A-n41A
	Yes

	CA_n28A-n78A
	Yes

	CA_n8A-n78A
	Yes

	CA_n41A-n71A
	Yes

	CA_n41A-n77A
	Yes

	CA_n26A-n78A
	Yes

	DC_3A_n78A
	Yes

	DC_40A_n78A
	Yes


Observation 4:   The example band combinations in the WID are all existing in the current spec which makes the CA/EN-DC PC2 Rx requirements doesn’t need to be re-introduced.
Proposal 2:         The is no Rx requirements impact for 3Tx with PC2 inter-band UL CA/EN-DC configurations considering all the example band combinations are covered by current spec.
3. [bookmark: _Hlk126343286]3Tx with PC1.5 total power class
In the WID, CA/EN-DC total power class PC1.5 is another item need to be defined for 3Tx. And the targeting scenario is “PC3 FDD with 1Tx + PC1.5 TDD with 2Tx (UL MIMO and TxD)” with one example band combination PC3@n71 1Tx + PC1.5@n41 2Tx = CA power class PC1.5.
[bookmark: _Hlk126336328]In current spec, there is no PC1.5 for inter-band UL CA nor for inter-band EN-DC. However, from the analysis in the section 2, it can be seen that most 3Tx inter-band UL CA requirements are defined by reusing single band requirements for each CC and for other SUM requirements it can be defined with clarification of configurations. Therefore, for this n71 PC3 + n41 PC1.5, there is nothing new compared with PC2 3Tx inter-band UL CA in Tx requirements definition.
Observation 5:   PC1.5 for inter-band UL CA/EN-DC with 2Tx in total haven’t been defined in the spec. And for the Tx requirements referring to single CC it can be applied to both PC2 and PC1.5 3Tx inter-band UL CA/EN-DC.
Proposal 3:         Apply same Tx requirement updates for 3Tx with PC1.5 or PC2 total power class as long as the inter-band Tx requirements are defined as referring to single band requirements of each CC.
For the Rx requirements, it is more like band combination specific requirements. Below are some Rx requirements defined for CA_n71-n41 in current spec, it can be seen that:
· There is harmonic interference from n71 to n41 and the power class is PC3 at n71
· There is IMD4 interference for n71+n41 and the CA total power class is PC3 or PC2
[image: ]
[image: ]
Observation 6:   The Rx requirements impacted by 3Tx with total power class PC1.5 is more like band combination specific requirements which need to be discussed per band combination.
For the new PC3 n71+PC1.5 n41 CA combination, the harmonic interference doesn’t change from current requirements since the aggressor is still PC3 at n71. The new power class combination has impact on the IMD interference and related MSD. Therefore, with new power class introduced for n71+n41, the MSD caused by IMD4 needs to be re-evaluated.
Observation 7:   Current harmonic interference for n71+n41 can be applied to PC3 n71+ PC1.5 n41 since the aggressor band power class doesn’t change.
Observation 8:   IMD4 for n71+n41 need to be re-evaluated for the new power class combinations.
Proposal 4:         For PC3 n71+ PC1.5 n41 with total power PC1.5, keep the harmonic MSD unchanged in the spec, and re-evaluate the IMD4 interference caused MSD.
4. Conclusions
In this contribution, the 3Tx for inter-band UL CA and EN-DC is analysed includes PC2 or PC1.5 total power class. Based on the above analysis, we got the following observations and proposals.
3Tx with PC2 total power class
Observation 1:   The main difference of PC2 3Tx inter-band UL CA comparing to 2Tx inter-band UL CA is how to treat the band with 2Tx which can work in TxD or UL MIMO/ULFPTx.
Observation 2:   Most inter-band UL CA requirements are defined by reusing single band requirements for each CC. For these requirements, the 3Tx inter-band UL CA can be defined by referring to TxD or UL MIMO requirements for the CC with 2Tx.
Proposal 1:         Introduce 3Tx with PC2 inter-band UL CA by adding some clarifications in the current inter-band UL CA requirements. More detailed below as starting point:
· Clarify the applicable requirements for the band with 2Tx, i.e. add references of 1 port TxD and 2 port UL MIMO requirements for MOP, MPR, AMPR, Min Pow, OFF Pow, ON/OFF time mask, Freq Error, transmit modulation quality, Occupied CBW, SEM, ACLR, Spurious Emission, Transmit intermodulation.
· Clarify the MIMO configurations for MOP and Pcmax.
Observation 3:   Tx requirements are common for all inter-band combinations, and no specific requirements need to be defined for each band combination.
Observation 4:   The example band combinations in the WID are all existing in the current spec which makes the CA/EN-DC PC2 Rx requirements doesn’t need to be re-introduced.
Proposal 2:         The is no Rx requirements impact for 3Tx with PC2 inter-band UL CA/EN-DC configurations considering all the example band combinations are covered by current spec.
3Tx with PC1.5 total power class
Observation 5:   PC1.5 for inter-band UL CA/EN-DC with 2Tx in total haven’t been defined in the spec. And for the Tx requirements referring to single CC it can be applied to both PC2 and PC1.5 3Tx inter-band UL CA/EN-DC.
Proposal 3:         Apply same Tx requirement updates for 3Tx with PC1.5 or PC2 total power class as long as the inter-band Tx requirements are defined as referring to single band requirements of each CC.
Observation 6:   The Rx requirements impacted by 3Tx with total power class PC1.5 is more like band combination specific requirements which need to be discussed per band combination.
Observation 7:   Current harmonic interference for n71+n41 can be applied to PC3 n71+ PC1.5 n41 since the aggressor band power class doesn’t change.
Observation 8:   IMD4 for n71+n41 need to be re-evaluated for the new power class combinations.
Proposal 4:         For PC3 n71+ PC1.5 n41 with total power PC1.5, keep the harmonic MSD unchanged in the spec, and re-evaluate the IMD4 interference caused MSD.
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Table 7.3A.4-1: Reference sensitivity exceptions and uplink/downlink configurations due to UL
harmonic from a PC3 aggressor NR UL band for NR DL CA FR1

SCS of UL
uLBW ULRB Allocation | DLBW | MSD
u oL band uupLfc | ULDL
band band condition order
(MHz) (kHz) Lers (MHz) | (dB)
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configurations for PC3 CA

Table 7.3A.5-1: 2DL/2UL inter-band Reference sensitivity QPSK Prersens and uplink/downlink

Band / Channel bandwidth / Nrs / Duplex mode

Source of
IMD
NR CA band NR UL Fe uL/DL uL DL Fe MSD | Duplex
combination band (MHz) BW Cure (MHz) | (dB) | mode
(MHz)
CA_n41-n71 n41 2614 5 25 2614 N/A TDD N/A
n71 665 5 25 619 11 FDD IMD4

configurations for PC2 CA

Table 7.3A.5-1a: 2DL/2UL inter-band Reference sensitivity QPSK Prersens an:

d uplink/downlink

Band / Channel bandwidth / Nre / Duplex mode

Source of
IMD
NRCA NR band UL Fe uL/oL uL DL Fc MSD Duplex
Configuration (MHz) BW Crre (MHz) (dB) mode
(MHz)
CA_n41-n71 n41 2614 5 25 2614 N/A TDD N/A
n71 665 5 25 619 16.3 FDD IMD4
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