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1. Introduction
Rel-18 3Tx and low band 4Rx WI was approved in RAN#98e, then with revised WID in [1] and in RAN4#106 the WF [2] was approved with Rx requirement related aspects below.  In this paper, the RF requirements for 3Tx will be discussed.
	Issue 3-2-1: ΔTIB,c /ΔRIB,c for 3Tx with inter-band UL CA/EN-DC
· Proposals
· Option 1: The existing ΔTIB,c /ΔRIB,c requirements could be applied
· WF: FFS in next meeting

Issue 3-2-2: 3Tx MSD framework for Harmonic, Rx harmonic mixing and cross band isolation
· Proposals
· Option 1: For harmonic/harmonic mixing/cross band isolation/IMD, evaluate the new MSD framework for 3Tx operation based on the selected example band combination, and define new MSD if needed.
· Option 2: For the band combination with a band supports UL MIMO in inter-band UL CA or inter-band EN-DC, the harmonic, Rx harmonic mixing and cross band isolation MSD should be re-evaluated in case of the aggressor NR UL band is changed to aggressor NR UL MIMO band.
· Option 3: 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.
· Option 4: For 3Tx with total power PC2 inter-band UL CA/EN-DC, there is no Rx requirements impact considering all the example band combinations are covered by current spec.
· WF: FFS on whether Harmonic, Rx harmonic mixing and cross band isolation MSD need to be re-evaluated.

Issue 3-2-3: 3Tx MSD framework for IMD
· Proposals
· Option 1: For PC1.5 UL CA/DC
· When UL configuration is PC3 FDD + PC1.5 TDD, reuse the PC2 2UL IMD MSD test configuration (PC3 FDD+PC3 TDD) and requirements.
· When UL configuration is (PC2 FDD + PC2 FDD or TDD) and (PC2 FDD + PC1.5 TDD), new 2UL IMD MSD framework is to be discussed.
· Option 2: For FDD-TDD band combination with TDD band support UL MIMO/TxD in inter-band UL CA or EN-DC, the IMD MSD should be re-evaluated.
· WF: FFS in next meeting

Issue 3-2-4: MSD re-evaluation of example band combinations
· Proposals
· Option 1: Evaluate whether existing MSD for 2 Tx is also applicable for 3Tx for the same band combination. No need to perform case by case study for such evaluation.
· Option 2: MSD evaluation for the bands in the WID is as below table
	Band combination in WID
	MSD evaluation status

	CA_n28A-n41A
	- No new MSD will be defined

	CA_n28A-n78A
	- No new harmonic MSD will be defined
- New PC2 IMD5 MSD and PC2 Receive harmonic mixing MSD should be defined

	CA_n8A-n78A
	- No new harmonic MSD will be defined
- New PC2 IMD4 MSD should be defined

	CA_n41A-n71A
	- No new harmonic MSD will be defined
- New PC2 IMD4 MSD should be defined

	CA_n41A-n77A
	- New PC2 harmonic mixing MSD should be defined
- New PC2 Cross band isolation MSD should be defined

	CA_n26A-n78A
	- No new harmonic MSD will be defined
- New PC2 IMD4 MSD should be defined

	DC_3A_n78A
	- No new harmonic MSD will be defined
- New PC2 harmonic mixing MSD and PC2 IMD2/4 MSD should be defined

	DC_40A_n78A
	- New PC2 harmonic mixing MSD should be defined
- New PC2 cross band isolation MSD should be defined


· WF
· Evaluate whether existing MSD for 2Tx is also applicable for 3Tx for the same band combination
· If it is, no need to perform case by case study for such evaluation. 
· If not, consider potential simplified MSD evaluation approach

Issue 3-2-5: Differentiation of MSD requirement for 3Tx or for 2Tx
· Proposals
· Option 1: With the assumption that MSD value (framework) is different between 3Tx and 2Tx, note (or description) is needed to differentiate the case only 3Tx operation has been introduced for certain band combination for certain power class, but not 2Tx operation.
· WF: Further discuss after the MSD for 3Tx requirement status is clear



2. Discussion
2.1 delta Rib/Tib
The applicable delta Rib/Tib was discussed in last meeting, and it was proposed to reuse same delta Rib/Tib as 2Tx inter-band UL CA [3]. From UE architecture perspective, the spirit of introducing 3T in inter-band UL CA/DC is to fully utilize the hardware ability that UE already have in the RFFE. No matter UE is 2Tx or 3Tx concurrent transmission, the additional IL in the RFFE is expected no difference. Therefore, 3Tx band combinations can reuse the existing delta Rib/Tib.
Proposal 1:         Same ΔTIB,c /ΔRIB,c requirements are applied for the band combination with 2Tx or 3Tx.
2.2 MSD for harmonics
The harmonic interference exists in the low band interfere high band case, and there is no difference for 3Tx in this WI compared with legacy 2Tx band combinations.

Proposal 2:         No harmonic MSD needs to be analyzed in this WI considering the additional Tx chain comparing to legacy UE is in high band rather than low band.
2.3 MSD for harmonic mixing
In [3] a reference architecture for the purpose of MSD source comparison between inter-band UL CA with 2Tx and 3Tx are given, reused in figure 1. The discussion can base on this architecture for convenience.
[image: ]
Figure 1 Reference UE architecture for harmonic/harmonic mixing/cross band isolation
analysis of band combination with 3Tx

From interference perspective, the harmonic mixing interference signal strength of 3Tx band combination (with PC2 2Tx in high band) is doubled from the 2Tx band combination (with PC3 1Tx in high band). This means the MSD for PC2 in high band with 2Tx is 3dB higher than that of PC3 with 1Tx in high band.

Observation 1:   The harmonic mixing MSD for PC2 2Tx is 3dB higher than that of PC3 1Tx considering the interference is doubled.
Then to better understand how different power classes will impact the harmonic mixing MSD, the band combinations in 38.101-1 vh80 Table 7.3A.4-4 and Table 7.3A.4-4a with same UL/DL configurations between PC2 and PC3 are compared in below yellow highlighted column. It can be seen that the delta MSD of most of the band combinations are 3dB, and the averaged delta MSD is 2.8dB.
Table 1 Comparison of PC2 and PC3 harmonic mixing MSD
	UL band
	DL band
	UL BW
	SCS of UL band
	UL RB Allocation
	DL BW
	PC2
MSD
	PC3 MSD
	Delta MSD
	UL/DL harmonic order

	
	
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(dB)
	(dB)
	(dB)
	

	n77
	n2
	10
	15
	25 (RBstart=0)
	5
	9.1
	6.7
	2.4
	UL1/DL2

	n77
	n2
	20
	15
	100 (RBstart=0)
	20
	6.7
	3,7
	3
	UL1/DL2

	n77
	n5
	10
	15
	25 (RBstart=0)
	5
	8.1
	5.7
	2.4
	UL1/DL4

	n77
	n12
	10
	15
	25 (RBstart=0)
	5
	34
	31
	3
	UL1/DL5

	n77
	n12
	15
	15
	75 (RBstart=0)
	15
	29.2
	26.2
	3
	UL1/DL5

	n77
	n13
	10
	15
	25 (RBstart=0)
	5
	34
	31
	3
	UL1/DL5

	n77
	n13
	10
	15
	50 (RBstart=0)
	10
	31
	28
	3
	UL1/DL5

	n77
	n14
	10
	15
	25 (RBstart=0)
	5
	34
	31
	3
	UL1/DL5

	n77
	n14
	10
	15
	50 (RBstart=0)
	10
	31
	28
	3
	UL1/DL5

	n77
	n25
	10
	15
	25 (RBstart=0)
	5
	9.2
	6.7
	2.5
	UL1/DL2

	n772
	n29
	10
	15
	25 (RBstart=0)
	5
	34
	31
	3
	UL1/DL5

	n772
	n29
	10
	15
	50 (RBstart=0)
	10
	31
	28
	3
	UL1/DL5

	n77
	n30
	10
	15
	12 (RBstart=0)
	5
	13.2
	10.4
	2.8
	UL2/DL3

	n77
	n30
	10
	15
	25 (RBstart=0)
	10
	10.6
	8.0
	2.6
	UL2/DL3

	n77
	n41
	20
	30
	50 (RBstart=0)
	10
	13.2
	10.4
	2.8
	UL2/DL3

	n77
	n41
	20
	30
	50 (RBstart=0)
	100
	8.8
	6.3
	2.5
	UL2/DL3

	n78
	n28
	5
	15
	25 (RBstart=0)
	5
	31
	N/A
	
	UL1/DL5

	n78
	n28
	30
	15
	160 (RBstart=0)
	30
	11.7
	N/A
	
	UL1/DL5



This can also be justified in the introduction of harmonic mixing for CA_n28-n78 where 3dB difference was used with referring to PC3 DC_28_n77 [4]. 
[image: ]
Figure 2 the harmonic mixing MSD introduction of CA_n28-n78

Observation 2:   The harmonic mixing MSD difference between PC2 1Tx and PC3 1Tx is around 3dB considering the power is 3dB higher.
Therefore, combining the above observations, it can be noticed that there is no difference in harmonic mixing for 3Tx and 2Tx with same power class in high Tx band.

Proposal 3:         Reuse the harmonic mixing MSD of 2Tx to 3Tx as long as the power class in high Tx band is same.
For the band combinations with 2Tx PC1.5 in high Tx band, there is no corresponding 1Tx PC1.5 in high Tx band MSD defined in the spec. However, following the same approach in the definition of PC2 in high Tx band, the MSD for 2Tx PC1.5 can be defined as 3dB higher than 1Tx PC2 in high Tx band.

Proposal 4:         For 3Tx inter-band UL CA with PC1.5 in high Tx band, the harmonic mixing MSD is defined as 3dB higher than that of PC2 in high Tx band.
2.4 MSD for cross band isolation
[bookmark: _Hlk131701865]Cross band isolation is also impacted by the 3Tx architecture, and here we also use the UE architecture in figure 1 as reference to discuss this aspect. Though the Tx leakage could be from low 1Tx band to high Rx band, or from the high 2Tx band to low Rx band, considering the difference comparing to legacy UE is in high band, here the analysis only needs to consider the high band Tx leakage interfere low band scenario.

Observation 3:   MSD for cross band isolation only needs to consider the high band Tx leakage interfere low band scenario in this WI.
[bookmark: _Hlk131701918]With the UE architecture in figure 1, from high band Tx perspective, the cross-band leakage to the low band is a SUM of two PC3 Tx signals. Therefore, the cross-band leakage MSD of PC2 in high band will be 3dB higher than 1Tx PC3 in high band case.

It should be noticed that the discussion above didn’t use 1Tx PC2 in high band as reference to derive 2Tx PC2 in high band case considering it might not that straight forward to assume they are same in the cross-band leakages.

Observation 4:   The cross-band leakage for PC2 with 2Tx is a SUM of two PC3 Tx signals which leads to the cross-band leakage MSD is 3dB higher than 1Tx PC3 case.
Proposal 5:         The cross-band leakage MSD for 3Tx band combination with PC2 2Tx in high band is 3dB higher than the same band combination with PC3 1Tx in high band case.

Same logic can be applied to 3Tx with PC1.5 in high Tx band case, i.e. MSD is 3dB higher than the same band combination with PC2 1Tx in high band case.

Proposal 6:         The cross-band leakage MSD for 3Tx band combination with PC1.5 in high band is 3dB higher than the same band combination with PC2 1Tx in high band case.
2.5 MSD for IMD with total power class 2
Reference architecture in below figure 3 is reused with some modification from [3] to discuss the IMD MSD for 3Tx in this section.
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Figure 3 Reference UE architecture for IMD analysis of band combination with 3Tx and total power PC2

In IMD MSD definition the powers are equally split, i.e. for total power PC2, the IMD MSD is defined based on 23dBm in each band; and for total power PC3, the IMD MSD is defined based on 20dBm in each band.

To facilitate the discussions, assuming 
· Low band Tx1 PA input power is PA23in and output power is P23dBm
· High band Tx2 PA input useful signal power is P20in and output useful signal power is P20dBm
· High band Tx3 PA input useful signal power is P20in and output useful signal power is P20dBm
· PCB isolation is ILPCB
· Antenna isolation is ILAnt

Firstly, consider the low band Tx1 PA forward and reverse IMD:
For 3Tx band combination, the low band Tx1 PA forward IMD input is P23in and P20dBm – ILPCB and P20dBm – ILPCB which can be simplified as P23in and P23dBm – ILPCB considering the Tx2 an Tx3 signals are equal. This means for low band Tx1 forward IMD, there is no difference between 2Tx or 1Tx in the other band as long as the power class is same.

[bookmark: _Hlk131711710]The low band Tx1 PA reverse IMD case is similar as forward IMD, and there is no difference between 2Tx or 1Tx in the other band as long as the power class is same.

Observation 5:   The IMD produced at the 1Tx low band PA in band combinations with 3Tx or 2Tx are same.
Secondly, consider the high band Tx2 and Tx3 PA forward and reverse IMD:
Both the high band Tx2 and Tx3 PA forward IMDs input are P20in and P23dBm – ILPCB. Then the issue would be the comparison of the forward IMDs generated from two high band PAs with 20dBm each, to the legacy high band PA with 23dBm. In other words, whether IMD(P20in, P23dBm – ILPCB) + 3dB would be equal/smaller/larger than IMD(P23in, P23dBm – ILPCB). 

[bookmark: _Hlk131712004]It can be noticed that in this IMD scenario, the PCB leakage power from low band is same both are P23dBm – ILPCB, and the input useful signal is 3dB lower for each PA in the 3Tx band combination. In this case, the total IMD produced by the 2Tx band PAs in 3Tx band combination is expected to be smaller than the 2Tx band combination considering the PA linearity will be better when the input power is lower, which leads to smaller IMD products.

The reverse IMD generated by Tx2 and Tx3 PAs are similar as the forward IMD scenario.

Observation 6:   The IMD produced by two high band PAs in 3Tx band combination are expected to be smaller than one high band PA in 2Tx band combination.
With above analysis, it can be seen that the IMD products for 3Tx band combination will be smaller than the 2Tx band combination in the same power class. And to simplify the introduction of 3Tx band combinations, the current 2Tx IMD MSD can be reused for the 3Tx band combinations.

Observation 7:   The total IMD produced by 3Tx band combination are expected to be equal to or smaller than 2Tx band combination.
Proposal 7:         Reuse the current PC2 IMD MSD of 2Tx band combinations for 3Tx with total power class PC2 cases including (1Tx PC3 + 2Tx PC2), (1Tx PC3 + 2Tx PC3) and (1Tx PC2 + 2Tx PC2).
2.6 MSD for IMD with total power class 1.5
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. 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: ]
Figure 4 Interference scenarios of n71+n41
[image: ]
Figure 5 Existing MSDs defined in the spec for n41+n71
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 8:   The MSD scenarios for n41+n71 with 3Tx PC1.5 total power class includes H4 harmonic and IMD4, and only IMD4 need to be further evaluated considering the H4 doesn’t be impacted.
Proposal 8:         For PC3 n71+ PC1.5 n41 with total power PC1.5, keep the harmonic MSD unchanged in the spec, and re-evaluate the IMD4 MSD.
3. 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.
2.1 delta Rib/Tib
Proposal 1:         Same ΔTIB,c /ΔRIB,c requirements are applied for the band combination with 2Tx or 3Tx.

2.2 MSD for harmonics
Proposal 2:         No harmonic MSD needs to be analyzed in this WI considering the additional Tx chain comparing to legacy UE is in high band rather than low band.

2.3 MSD for harmonic mixing
Observation 1:   The harmonic mixing MSD for PC2 2Tx is 3dB higher than that of PC3 1Tx considering the interference is doubled.

Observation 2:   The harmonic mixing MSD difference between PC2 1Tx and PC3 1Tx is around 3dB considering the power is 3dB higher.

Proposal 3:         Reuse the harmonic mixing MSD of 2Tx to 3Tx as long as the power class in high Tx band is same.

Proposal 4:         For 3Tx inter-band UL CA with PC1.5 in high Tx band, the harmonic mixing MSD is defined as 3dB higher than that of PC2 in high Tx band.

2.4 MSD for cross band isolation
Observation 3:   MSD for cross band isolation only needs to consider the high band Tx leakage interfere low band scenario in this WI.

Observation 4:   The cross-band leakage for PC2 with 2Tx is a SUM of two PC3 Tx signals which leads to the cross-band leakage MSD is 3dB higher than 1Tx PC3 case.

Proposal 5:         The cross-band leakage MSD for 3Tx band combination with PC2 2Tx in high band is 3dB higher than the same band combination with PC3 1Tx in high band case.

Proposal 6:         The cross-band leakage MSD for 3Tx band combination with PC1.5 in high band is 3dB higher than the same band combination with PC2 1Tx in high band case.

2.5 MSD for IMD with total power class 2
Observation 5:   The IMD produced at the 1Tx low band PA in band combinations with 3Tx or 2Tx are same.

Observation 6:   The IMD produced by two high band PAs in 3Tx band combination are expected to be smaller than one high band PA in 2Tx band combination.

Observation 7:   The total IMD produced by 3Tx band combination are expected to be equal to or smaller than 2Tx band combination.

Proposal 7:         Reuse the current PC2 IMD MSD of 2Tx band combinations for 3Tx with total power class PC2 cases including (1Tx PC3 + 2Tx PC2), (1Tx PC3 + 2Tx PC3) and (1Tx PC2 + 2Tx PC2).

2.6 MSD for IMD with total power class 1.5
Observation 8:   The MSD scenarios for n41+n71 with 3Tx PC1.5 total power class includes H4 harmonic and IMD4, and only IMD4 need to be further evaluated considering the H4 doesn’t be impacted.

Proposal 8:         For PC3 n71+ PC1.5 n41 with total power PC1.5, keep the harmonic MSD unchanged in the spec, and re-evaluate the IMD4 MSD.
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Table 7.3A.5-1: 2DL/2UL inter-band Reference sensi QPSK Prersens and uplink/downlink
configurations for|PC3 CA
Band / Channel bandwidth / Nrs / Duplex mode Source of
IMD
NR CA band NR ULF. UL/DL uL DLFc | MSD | Duplex
combination band (MHz) BW Cire (MHz) | (dB) | mode
(MHz)
CA_nat-n71 nat 2614 5 25 2614 N/A~ | TDD N/A
n71 665 5 25 619 1 FDD IMD4
Table 7.3A.5-1a: 2DL/2UL inter-band Reference sensi QPSK Prersens and uplink/downlink
configurations for|PC2 CA
Band / Channel bandwidth / Nrs / Duplex mode Source of
IMD
NRCA NRband | ULFc | ULDL uL DLFec MSD | Duplex
Configuration (MHz) BW Cure (MHz) (dB) mode
(MHz)
CA_na1-n71 nd1 2614 5 25 2614 N/A TDD NA
n71 665 5 25 619 16.3 FDD
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