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Introduction
In Rel-18, RAN4 introduced 3Tx feature for inter-band UL CA or EN-DC in Rel-18 4Rx handheld UE for low NR bands (<1GHz) and/or 3Tx for NR inter-band UL Carrier Aggregation (CA) and EN-DC. And the corresponding UE conformance WID was also approved at RAN#102.
This document is proposed to discuss how to design the work plan for 3Tx feature and explore the possible solution to reduce test workload as much as possible.
Discussion
Brief introduction of 3Tx
According to the WID [1] of the core work item, 3Tx is applicable to inter-band UL CA or EN-DC with two bands where 1Tx capability in one band and 2Tx in the other band, and only 1CC included in each band. Both UL-MIMO and TxD are considered for the 2Tx band.
According to the different UE capabilities, we can list the following 4 scenarios of 3Tx.
1. Inter-band UL CA with MIMO
The considered power capabilities include power class 2 and power class 1.5, where
·   CA power class is PC2
· PC3 FDD band 1Tx + PC2 TDD band 2Tx (UL MIMO)
· PC3 FDD band 1Tx + PC3 TDD band 2Tx (UL MIMO)
· PC3 TDD band 1Tx + PC2 TDD band 2Tx (UL MIMO)
·   CA power class is PC1.5
· PC3 FDD band 1Tx + PC1.5 TDD band 2Tx (UL MIMO)
2. Inter-band UL CA with TxD
The considered power capabilities include power class 2 and power class 1.5, where
·   CA power class is PC2
· PC3 FDD band 1Tx + PC2 TDD band 2Tx (TxD)
·   CA power class is PC1.5
· PC3 FDD band 1Tx + PC1.5 TDD band 2Tx (TxD)
3. Inter-band EN-DC with MIMO
The considered power capabilities include power class 2 where
·   EN-DC power class is PC2
· PC3 FDD band 1Tx + PC2 TDD band 2Tx (UL MIMO)
· PC3 FDD band 1Tx + PC3 TDD band 2Tx (UL MIMO)
· PC3 TDD band 1Tx + PC2 TDD band 2Tx (UL MIMO)
4. Inter-band EN-DC with TxD
The considered power capabilities include power class 2, where
·   EN-DC power class is PC2
· PC3 FDD band 1Tx + PC2 TDD band 2Tx (TxD)
For the above 4 types of 3Tx scenarios, RAN4 has introduced new sub-clauses to specify the corresponding Tx requirements and Rx requirements including REFSENS MSD in TS 38.101-1 and TS 38.101-3.
RF requirements for 3Tx
[bookmark: _GoBack]Tx requirements
In RAN4#106bis-e, RAN4 reached the agreement on general principle of introducing Tx requirements for 3Tx CA/DC [2]:
· Issue 2-1-2: General principle of introducing Tx Requirement for 3Tx CA/DC
Proposals:
· Option 1: 
· For 3Tx inter-band UL CA+UL MIMO, reuse the single CC requirements and TxD or UL MIMO requirements for corresponding sessions.
· For 3Tx inter-band UL ENDC+UL MIMO, reuse the single CC requirements and TxD or UL MIMO requirements in TS 36.101 and in TS 38.101-1 respective for corresponding sessions.
· Option 2: The agreement “single CC requirements will be reused for 3Tx inter-band UL CA” actually means the current basic single CC requirements and TxD/UL MIMO requirements when necessary.
WF
· Option 1 and 2 are aligned, use Option 1 wording as the formal WF.

And in the latest TS 38.101-1 i40 and TS 38.101-3 i40, the Tx requirements for 3Tx CA/DC have been introduced in new sub-clauses. Take inter-band UL CA with UL MIMO as an example, after checking the core specification, each Tx characteristic and its corresponding core requirements can be summarized as Table 2-1 below.
Table 2-1: The RF requirements for inter-band CA with UL MIMO
	Tx characteristic
	core requirements

	6.2H.3.1 MOP
	Table 6.2H.3.1-1，defined from all antenna connectors and all UL CCs

	6.2H.3.4 Configured transmitted power
	Follow 6.2A.4.1.3 except that
- PPowerClass,CA specified in 6.2H.3.1-1
- MPR and A-MPR specified in 6.2D for CC with UL MIMO

	6.5H.3.3.2 UE co-ex
	Follow the requirements in Table 6.5A.3.2.3-1 apply with all component carriers are active

	6.2H.3.2 MPR
6.2H.3.3 A-MPR
6.3H Output power dynamics
6.4H Transmit signal quality 
6.5H.3.1 OBW
6.5H.3.2.2 SEM
6.5H.3.2.3 A-SEM
6.5H.3.2.4 NR ACLR
6.5H.3.3.1 General SE
6.5H.3.3.3 A-SE
6.5H.3.4 Transmit intermodulation
	· the requirements in clause 6.xD apply for the CC with UL MIMO
· the requirements in clause 6.x apply for the other CC



From the above Table 2-1, it can be seen that except MOP, configured output power and UE co-existence spurious emissions, all other Tx characteristics follow the general principle of reusing the single carrier requirements for 1Tx band and UL MIMO or TxD requirements for 2Tx band, respectively.
Although Table 2-1 only summarizes the core requirements for inter-band UL CA with UL MIMO, Observation 1 is also applicable for inter-band UL CA with TxD and inter-band EN-DC with MIMO or TxD based on core specifications.
Observation 1: For Tx characteristics except MOP, configured transmitted power and UE co-existence spurious emissions, core requirements for 3Tx are defined as single carrier requirements in 1Tx band and UL MIMO or TxD requirements in 2Tx band.
As for MOP, configured transmitted power and UE co-existence spurious emissions requirements, still take inter-band UL CA with UL MIMO as an example, they are defined in 38.101-1 as below:
6.2H.3.1	UE maximum output power for inter-band UL CA with UL MIMO
For inter-band UL CA with UL MIMO in one of the two frequency bands, the maximum output power is defined as the sum of the maximum output power from all UE antenna connectors and all UL CCs, as specified in Table 6.2H.3.1-1. The period of measurement shall be at least one sub frame (1 ms). The requirements shall be met with the UL MIMO configurations specified in Table 6.2D.1-2 and 6.2D.1-3 for 2-layer configuration and ULFPTx configuration respectively for the component carrier configured with UL MIMO. 
[bookmark: _Hlk146199214]Table 6.2H.3.1-1: UE Power Class for inter-band UL CA with UL MIMO in one frequency band
	NR UL CA Configuration
	Class 1.5 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)

	CA_n5A-n77A
	293
	+2/-3
	
	
	23
	+2/-3

	CA_n8A-n78A
	
	
	262
	+2/-3
	23
	+2/-3

	CA_n25A-n77A
	293
	+2/-3
	
	
	23
	+2/-3

	CA_n26A-n78A
	
	
	262
	+2/-3
	23
	+2/-3

	CA_n28A-n41A
	
	
	262
	+2/-3
	23
	+2/-3

	CA_n28A-n78A
	
	
	262
	+2/-3
	23
	+2/-3

	CA_n41A-n71A
	293
	+2/-3
	262
	+2/-3
	23
	+2/-3

	CA_n41A-n77A
	
	
	264
	+2/-3
	23
	+2/-3

	NOTE 1:	An uplink CA configuration in which at least one of the bands has NOTE 3 in Table 6.2.1-1 is allowed to reduce the lower tolerance limit by 1.5 dB when the transmission bandwidths of at least one of the bands is confined within FUL_low and FUL_low + 4 MHz or FUL_high - 4 MHz and FUL_high.
NOTE 2:	The UE supports PC3 in FDD band and PC3 or PC2 with UL MIMO in TDD band.
NOTE 3:	The UE supports PC3 in FDD band and PC1.5 with UL MIMO in TDD band.
NOTE 4:	The UE supports PC2 with UL MIMO in either one of the TDD bands and PC2 in the other TDD band.
NOTE 5:	Power class 3 is default power class unless otherwise stated.
NOTE 6:   FWA form factor is targeted unless otherwise stated.


…
6.2H.3.4	Configured transmitted power for inter-band UL CA with UL MIMO
For inter-band UL CA with UL MIMO in one of the two frequency bands, the requirements in clause 6.2A.4.1.3 apply except that:
-	PPowerClass,CA is the maximum UE power specified in Table 6.2H.3.1-1 without taking into account the tolerance;
-	MPRc and A-MPRc are specified in clause 6.2D.2 and clause 6.2D.3 respectively for the component carrier configured with UL MIMO.
-	ΔPPowerClass,CA:
…
6.5H.3.3	 Spurious emission for inter-band UL CA with UL MIMO
For inter-band UL CA with UL MIMO in one of the two frequency bands, the requirements in Table 6.5A.3.2.3-1 apply with all component carriers are active.
As defined in the core specification, the MOP requirements for inter-band UL CA with UL MIMO are defined from all antenna connectors and all UL CCs. The configured transmitted power requirements are referred to existing 1Tx-1Tx inter-band CA with the exception of 2Tx MPR and A-MPR value. The UE co-existence spurious emissions requirements are referred to existing 1Tx-1Tx inter-band CA and apply with all CCs active.
Observation 2: For MOP and UE co-existence spurious emissions, core requirements for 3Tx are applicable with all UL CCs active.
Observation 2a: For configured transmitted power, core requirements for 3Tx are referred to existing 1Tx-1Tx inter-band CA in clause 6.2A.4.
Same as Observation 1, Observation 2 and Observation 2a are applicable to the 4 types of 3Tx scenarios as well.
Rx requirements
Take inter-band UL CA as an example, RAN4 specifies that inter-band UL CA with 3Tx share the same receiver requirements as 2Tx UL except reference sensitivity.
[TS 38.101-1 clause 7.1]
Unless otherwise stated, the receiver requirements of inter-band UL CA are applicable to UE with one Tx antenna connector in each of the two bands, or UE with one Tx antenna connector in one band and two Tx antenna connectors in the other band.
For reference sensitivity, inter-band UL CA with 3Tx shares the same MSD requirements as 1Tx-1Tx UL in terms of UL harmonic, harmonic mixing, cross band isolation and power class 2 or power class 3 CA intermodulation interferences.
[TS 38.101-1 clause 7.3A.2]
The reference sensitivity exceptions due to harmonic, harmonic mixing, cross band isolation and power class 2 or power class 3 CA intermodulation interferences are applicable to the UL aggressor band configured with either one Tx antenna connector or two Tx antenna connectors with UL MIMO or Tx diversity operation.
Observation 3: For Rx requirements except REFSENS, inter-band CA/DC with 3Tx share the same core requirements as inter-band CA/DC with 1Tx-1Tx.
For REFSENS requirements, the core specification introduces new MSD requirements based on the different power capabilities. For power class 1.5 CA, a new MSD table 7.3A.5-1b is added to specify the 2UL IMD exception since power class 1.5 CA can only be implemented via 3Tx.
Table 7.3A.5-1b: 2DL/2UL inter-band Reference sensitivity QPSK PREFSENS and uplink/downlink configurations for PC1.5 CA
	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA
Configuration
	NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	CA_n5-n772
	n5
	844
	5
	25
	889
	25.5
	FDD
	IMD4

	
	n77
	3421
	10
	50
	3421
	N/A
	TDD
	N/A

	
	n5
	826.5
	5
	25
	871.5
	24.3
	FDD
	IMD5

	
	n77
	4177.5
	10
	50
	4177.5
	N/A
	TDD
	N/A

	CA_n25-n77
	n25
	1855
	5
	25
	1935
	37.5
	FDD
	IMD2

	
	n77
	3790
	10
	50
	3790
	N/A
	TDD
	N/A

	
	n25
	1900
	5
	25
	1980
	25.8
	FDD
	IMD4

	
	n77
	3720
	10
	50
	3720
	N/A
	TDD
	N/A

	
	n25
	1885
	5
	25
	1965
	29.8
	FDD
	IMD5

	
	n77
	3790
	10
	50
	3790
	N/A
	TDD
	N/A

	CA_n41-n71
	n41
	2614
	5
	25
	2614
	N/A
	TDD
	N/A

	
	n71
	665
	5
	25
	619
	25.4
	FDD
	IMD4

	NOTE 1:	This band combination is specified for inter-band UL CA with UL MIMO or Tx diversity capabilites, and the transmitter shall be set at min (+23 dBm, PCMAX_L,f,c) for the band with single Tx antenna connector as defined in clause 6.2A.4, and set at min (+27.8 dBm, PCMAX_L,f,c) for the band with two Tx antenna connectors as defined in clause 6.2H.3 or 6.2L.3.4
NOTE 2:	For a UE which supports this band combination only when the Band n77 frequency range restriction defined in NOTE 12 of Table 5.2-1 applies, the MSD test point(s) cannot be verified for the band combination and the test point(s) can be skipped.



Besides, 3Tx capability may enable higher power class than 1Tx-1Tx UL for some configurations. Take CA_n26A-n78A as an example, its 1Tx-1Tx architecture can only support power class 3 as defined in Table 6.2A.1.3-1 in 38.101-1, but its 3Tx architecture can support power class 2 with PC3 FDD+PC3/PC2 TDD. For such configurations, MSD requirements due to 2UL intermodulation interference for PC2 CA are introduced into Table 7.3A.5-1a.

In short, according to different power capabilities, MSD requirements for 3Tx UL CA/DC can be summarized as below:

[image: ]
Figure 1: MSD requirements for 3Tx UL CA/DC with different power capabilities
Observation 3a: The REFSENS requirements for inter-band CA/DC with 3Tx are defined as below:
· For power class 2 CA/DC with same power class as 1Tx-1Tx UL, no new MSD requirements are introduced.
· For power class 2 CA/DC with higher power class than 1Tx-1Tx UL (CA_n26A-n78A, DC_40A_n78A), new MSD requirements due to 2UL IMD exception are introduced.
· For power class 1.5 CA, new MSD requirements due to 2UL IMD exception are introduced.

Test case analysis for 3Tx
Tx test cases
As discussed above, RAN4 has introduced new sub-clauses to define a set of Tx requirements for 4 types of 3Tx scenarios mentioned in clause 2.1. If RAN5 introduces new test cases with new test points for all Tx characteristics, just like the existing inter-band CA with 1Tx-1Tx, there will be about 80 new test cases that need to be introduced, which is absolutely a huge workload for RAN5.
Considering the general principle of defining 3Tx requirements, actually for most Tx characteristic, 3Tx PA architecture does not bring more interference than 1Tx-1Tx UL thus there is no additional Tx requirements defined for 3Tx. Given that RAN5 test specification has already have a set of complete Tx test cases for 1Tx single carrier (6.x) and 2Tx UL MIMO test cases (6.xD), and 2Tx TxD test cases (6.xG), introducing new test cases for 3Tx may bring unnecessary redundant testing. RAN5 can consider to explore the alternative testing and only introduce those really critical and necessary test cases for 3Tx.
Based on Observation 1, Tx characteristics except MOP, configured transmitted power and UE co-existence spurious emissions requirements for 3Tx are defined as single carrier requirements in 1Tx band and UL MIMO or TxD requirements in 2Tx band, respectively. Namely, there is no exceptional requirements for 3Tx compared to 1Tx and 2Tx. If UEs supporting 3Tx inter-band UL CA can pass the corresponding single carrier test (1Tx) and UL MIMO or TxD test (2Tx), there is no reason that UE fail the test under 3Tx mode. Consequently, it is proposed that such kinds Tx characteristics for 3Tx inter-band CA can be separately verified by 1Tx single carrier testing (6.x) in one band and 2Tx UL MIMO testing (6.xD) or 2Tx TxD testing (6.xG) in the other band. RAN5 don’t need to introduce new test points for inter-band UL CA with UL MIMO or TxD.
About configured transmitted power, this test case is to verify the power control capability of each PA chain. If configured transmitted power for both 1Tx single carrier and 2Tx UL MIMO or TxD are tested, it can be assumed that the two PA chains of 3Tx inter-band CA/DC have been tested. In this sense, configured transmitted power also can be covered by 1Tx single carrier testing (6.x) in one band and 2Tx UL MIMO testing (6.xD) or 2Tx TxD testing (6.xG) in the other band.
Proposal 1: For Tx characteristics except MOP and UE co-existence spurious emissions, RAN5 don’t need to introduce new test points for inter-band UL CA with UL MIMO or TxD but clarify that it can be covered by 1Tx single carrier testing (6.x) in one band and 2Tx UL MIMO testing (6.xD) or 2Tx TxD testing (6.xG) in the other band, respectively.

Similarly, for 3Tx inter-band EN-DC, it is proposed that Tx characteristics except MOP and UE co-existence spurious emissions can be separately verified by 1Tx single carrier testing (6.x in TS 36.521-1) in the E-UTRA band and 2Tx UL MIMO testing (6.xD) or 2Tx TxD testing (6.xG) in the NR band if the NR band can be tested under Standalone mode, thus RAN5 don’t need to introduce new test points for inter-band EN-DC with UL MIMO or TxD. Otherwise, if Standalone FR1 cannot be tested (due to test case not being complete or if the UE does not support the band in SA mode), LTE anchor agnostic approach is required to refer back to 38.521-1 cl 6.xD or 6.xG for the component NR band.
Proposal 1a: For Tx characteristics except MOP and UE co-existence spurious emissions, if Standalone NR band can be tested RAN5 don’t need to introduce new test points for inter-band EN-DC with UL MIMO or TxD but clarify that it can be covered by 1Tx single carrier testing (6.x in 36.521-1) in the E-UTRA band and 2Tx UL MIMO testing (6.xD) or 2Tx TxD testing (6.xG) in the NR band respectively. Otherwise, LTE anchor agnostic approach is required.

As for MOP and UE co-existence spurious emissions requirements, based on Observation 2, the core requirements shall be verified with all UL CCs active. In current RAN5 specifications, there is no suitable alternative testing so new test points are necessary for MOP and UE co-existence spurious emissions.

Proposal 2: For MOP and UE co-existence spurious emissions, RAN5 need to introduce new test points for inter-band CA/DC with UL MIMO or TxD to ensure all UL CCs active.

Rx test cases
In the current RAN5 specifications, the Rx test cases for inter-band 2DL CA are aimed at 1Tx-1Tx architecture, i.e. UE with one Tx antenna connector in each of two bands. Similar as Tx testing, to reduce test work load and avoid redundant testing, we need to consider reusing the existing testing to a largest extend. 

As per Observation 3, regardless of UE with 1Tx-1Tx or 3Tx CA, the same Rx requirements except REFSNES apply to one inter-band 2DL CA configuration. From this perspective, UE with 3Tx inter-band CA/DC can reuse the existing 1Tx-1Tx test points, so there is no need to introduce new test points for 3Tx. Considering that RAN4 clarify the general Rx requirement in clause 7.1, correspondingly RAN5 can assume that Rx requirements except REFSENS for 3Tx have been covered by existing Rx test cases.

Proposal 3: For Rx requirements except REFSENS, RAN5 don’t need to introduce new test point for 3Tx inter-band CA/DC.

As for REFSENS, it also can be considered to reuse the existing 1Tx-1Tx test points as much as possible. If RAN4 specification don’t introduce new MSD requirements, it is reasonable to assume that 3Tx inter-band CA/DC can reuse the existing REFSENS test points. Based on Observation 3a, for power class 2 CA/DC with same power class as 1Tx-1Tx UL, no new MSD requirements are introduced thus RAN5 don’t need to introduce new test points for REFSENS testing, either.

However, if UE support inter-band 2DL CA with PC1.5 UL CA or PC2 UL CA/DC with higher power class than 1Tx-1Tx UL, new REFSENS test points are required to cover the new MSD requirements.

Proposal 3a: For REFSENS requirements, RAN5 can consider the following criterion for 3Tx inter-band CA/DC:
· For power class 2 CA/DC with same power class as 1Tx-1Tx UL, RAN5 don’t need to introduce new test points for REFSENS testing.
· For power class 2 CA/DC with higher power class than 1Tx-1Tx UL, new REFSENS test points are required to cover the new MSD requirements.
· For power class 1.5 CA, new REFSENS test points are required to cover the new MSD requirements.

Summary of work plan for 3Tx
Based on the above analysis, the test plan for the 4 types of 3Tx scenarios can be summarized as below:
Table 2-2: The summary of proposed test plan for 3tX inter-band CA/DC
	
	UL CA with MIMO
	UL CA with TxD
	EN-DC with MIMO
	EN-DC with TxD

	MOP
	new test points required to ensure all CCs active

	UE co-ex
	new test points required to ensure all CCs active

	Other Tx
	No new test points required since separately covered by 1Tx testing and 2Tx testing
	If SA can be tested, covered by SA test. Otherwise LTE anchor agnostic required

	REFSENS
	· For power class 2 CA/DC with same power class as 1Tx-1Tx UL, no new test points required but reuse 1Tx-1Tx test points
· For power class 2 CA/DC with higher power class than as 1Tx-1Tx UL, new test points required with 1Tx-2Tx UL configuration
· For power class 1.5 CA, new TP required with 1Tx-2Tx UL configuration

	Other Rx
	No new TP required but reuse 1Tx-1Tx test points



Conclusion
Based on the above discussion, we have the following observations: 
Observation 1: For Tx characteristics except MOP, configured transmitted power and UE co-existence spurious emissions, core requirements for 3Tx are defined as single carrier requirements in 1Tx band and UL MIMO or TxD requirements in 2Tx band.
Observation 2: For MOP and UE co-existence spurious emissions, core requirements for 3Tx are applicable with all UL CCs active.
Observation 2a: For configured transmitted power, core requirements for 3Tx are referred to existing 1Tx-1Tx inter-band CA in clause 6.2A.4.
Observation 3: For Rx requirements except REFSENS, inter-band CA/DC with 3Tx share the same core requirements as inter-band CA/DC with 1Tx-1Tx.
Observation 3a: The REFSENS requirements for inter-band CA/DC with 3Tx are defined as below:
· For power class 2 CA/DC with same power class as 1Tx-1Tx UL, no new MSD requirements are introduced.
· For power class 2 CA/DC with higher power class than 1Tx-1Tx UL (CA_n26A-n78A, DC_40A_n78A), new MSD requirements due to 2UL IMD exception are introduced.
· For power class 1.5 CA, new MSD requirements due to 2UL IMD exception are introduced.
To handle 3Tx inter-band CA/DC testing, RAN5 can consider the following proposal:
Proposal 1: For Tx characteristics except MOP and UE co-existence spurious emissions, RAN5 don’t need to introduce new test points for inter-band UL CA with UL MIMO or TxD but clarify that it can be covered by 1Tx single carrier testing (6.x) in one band and 2Tx UL MIMO testing (6.xD) or 2Tx TxD testing (6.xG) in the other band, respectively.

Proposal 1a: For Tx characteristics except MOP and UE co-existence spurious emissions, if Standalone NR band can be tested RAN5 don’t need to introduce new test points for inter-band EN-DC with UL MIMO or TxD but clarify that it can be covered by 1Tx single carrier testing (6.x in 36.521-1) in the E-UTRA band and 2Tx UL MIMO testing (6.xD) or 2Tx TxD testing (6.xG) in the NR band respectively. Otherwise, LTE anchor agnostic approach is required.

Proposal 2: For MOP and UE co-existence spurious emissions, RAN5 need to introduce new test points for inter-band CA/DC with UL MIMO or TxD to ensure all UL CCs active.

Proposal 3: For Rx requirements except REFSENS, RAN5 don’t need to introduce new test point for 3Tx inter-band CA/DC.

Proposal 3a: For REFSENS requirements, RAN5 can consider the following criterion for 3Tx inter-band CA/DC:
· For power class 2 CA/DC with same power class as 1Tx-1Tx UL, RAN5 don’t need to introduce new test points for REFSENS testing.
· For power class 2 CA/DC with higher power class than 1Tx-1Tx UL, new REFSENS test points are required to cover the new MSD requirements.
· For power class 1.5 CA, new REFSENS test points are required to cover the new MSD requirements.
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