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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In Rel-18 coverage enhancement WI, the power domain enhancement is one of the objectives to be studied. And in last meeting several cases have been discussed whether they should be considered or not in this WI. And among these potential cases, some of them need UE to support 3Tx chain, for example PC1.5 band combination with PC1.5 band A + PC3/2 band B, and PC2 FDD band (23+23) + PC3 TDD/FDD bands. Views are divergent whether to support them and some companies think current spec doesn’t preclude UE with 3Tx under two bands condition, while some other companies think 3Tx hasn’t been discussed and not supported by the spec. The discussion can be found as below, derived from [1].
[image: ]

To make it clear the status of spec in supporting 3Tx with two bands case, this paper has collected the existing requirements and analysed each of them. Hope this can align the understanding in RAN4.

2 Discussion
2.1 Inter-band UL CA requirements
Below table is the summary of all Tx requirements for inter-band UL CA in TS38.101-1 with analysis of each requirement whether it is applicable to inter-band UL CA with 1Tx + 2Tx.
Table 1 38.101-1 Inter-band UL CA requirements applicability to UE with 3Tx
	38.101-1 Inter-band UL CA requirements
	Existing requirement definition
	Whether applicable to 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.
	Yes, sum power

	6.2A.2.3	UE maximum output power reduction for Inter-band CA
	For inter-band carrier aggregation with one uplink carrier assigned to one NR band, the requirements in subclause 6.2.2 apply.
	Yes, single band MPR apply

	6.2A.3.1.3 UE additional maximum output power reduction for Inter-band CA
	Unless otherwise stated, for inter-band carrier aggregation with one uplink carrier assigned to one NR band, the requirements in subclause 6.2.3 apply.
	Yes, single band AMPR apply
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	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.
	Yes, it doesn’t differentiate the Tx chain/connector numbers in Pcmax calculation
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	For inter-band carrier aggregation with one uplink carrier assigned to one NR band, the minimum output power requirements in clause 6.3.1 apply.
	Yes, single band requirement applies.

	6.3A.2.3	Transmit OFF power for inter-band CA
	For inter-band carrier aggregation with one uplink carrier assigned to one NR band, the transmit OFF power requirements in subclause 6.3.2 apply.
	Yes, single band requirement applies.

	6.3A.3.3	Transmit ON/OFF time mask for inter-band CA
	For inter-band carrier aggregation with one uplink carrier assigned to one NR band, the transmit ON/OFF time mask requirements in subclause 6.3.3 apply.
	Yes, single band requirement applies.

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

	6.4A.1.3	Frequency error for inter-band CA
	For inter-band carrier aggregation with one uplink carrier assigned to one NR band, the frequency error requirements in subclause 6.4.1 apply.
	Yes, single band requirement applies.

	6.4A.2.3	Transmit modulation quality for inter-band CA
	For inter-band carrier aggregation with one uplink carrier assigned to one NR band, the transmit modulation quality requirements in subclause 6.4.2 apply
	Yes, single band requirement applies.

	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.
	Yes, requirement based on each CC.

	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.
	Yes, requirement based on each CC.

	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.
	Yes, requirement based on each CC.

	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.
	Yes, requirement based on each CC.



Observation 1:   All current inter-band UL CA requirements are applicable to UE with 1Tx+2Tx inter-band UL CA.

2.2 Inter-band ENDC requirements
Below table is the summary of all Tx requirements for inter-band EN-DC in TS38.101-3 with analysis of each requirement whether it is applicable to inter-band EN-DC with 1Tx + 2Tx.
Table 2 38.101-1 Inter-band ENDC requirements applicability to UE with 3Tx
	38.101-3 Inter-band EN-DC requirements
	Existing requirement definition
	Whether applicable to inter-band 1Tx +2Tx ENDC

	6.2B.1	UE maximum output power for DC
6.2B.1.3a Inter-band NE-DC within FR1
	The maximum output power is measured as the sum of the maximum output power at each UE antenna connector.
	Yes, sum power

	6.2B.2	UE maximum output power reduction for DC
6.2B.2.3	Inter-band EN-DC within FR1
	For inter-band EN-DC between E-UTRA and FR1 NR, UE maximum output power reduction specified in TS 36.101 [4] and TS 38.101-1 [2] apply for E-UTRA and NR respectively.
	Yes, MPR in each band apply

	6.2B.3	UE additional maximum output power reduction for EN-DC
6.2B.3.3	Inter-band EN-DC within FR1
	For inter-band EN-DC between E-UTRA and FR1 NR, UE additional maximum output power reduction specified in TS 36.101 [4] and TS 38.101-1 [2] apply for E-UTRA and NR respectively.
	Yes, AMPR in each band apply

	6.2B.4	Configured output power for DC
6.2B.4.1.3 Inter-band EN-DC within FR1
	For inter-band dual connectivity with one uplink serving cell or more than one uplink serving cells configured for intra-band UL CA on the E-UTRA CG and one uplink serving cell on the NR CG or more than one uplink serving cells configured for intra-band UL CA, the UE is allowed to set its configured maximum output power PCMAX,c(i),i for serving cell c(i) of CG i, i = 1,2, and its total configured maximum transmission power for EN-DC operation, = 10log10() with  as specified in clause 7.6 of TS 38.213 [10].
	Yes, it doesn’t differentiate the Tx chain/connector numbers in Pcmax calculation

	6.3B.5	Output power dynamics for inter-band EN-DC
	The switching time mask defined in this clause is applicable for a UE indicating support of IE singleUL-Transmission for the specific inter-band EN-DC combination for which only single switched UL is supported. The maximum UL switching time is defined as 120 us. Time masks in Figure 6.3B.5-1 and Figure 6.3B.5-2 shall apply.
	Yes, it doesn’t differentiate the Tx chain/connector numbers

	6.4B.1.3	Frequency error for inter-band EN-DC within FR1
	For inter-band EN-DC with uplink assigned to one E-UTRA band and one NR band, the requirements shall apply on each component carrier as defined in clause 6.5.1 in TS 36.101 [4] and in clause 6.4.1 in TS 38.101-1 [2], respectively
	Yes, requirement is defined per CC

	6.4B.2.3	Transmit modulation quality for Inter-band EN-DC within FR1
	For inter-band EN-DC with uplink assigned to one E-UTRA band and one NR band, the requirements shall apply on each component carrier as defined in clause 6.5.2 in TS 36.101 [4] and in clause 6.4.2 in TS 38.101-1 [2], respectively
	Yes, requirement is defined per CC

	6.5B.1	Occupied bandwidth for EN-DC
6.5B.1.3	Inter-band EN-DC within FR1
	Occupied bandwidth requirement for E-UTRA single carrier and CA operation specified in clauses 6.6.1 and 6.6.1A of TS 36.101 [4] and for NR single carrier specified in clause 6.5.1 of TS 38.101-1 [2] apply.
	Yes, requirement doesn’t differentiate the Tx chain/connector numbers

	6.5B.2	Out-of-band emissions for DC
6.5B.2.3	Inter-band EN-DC within FR1
	Unless otherewise stated, the OOBE requirements specified in clause 6.6.2.1 of TS 36.101 [4], sub- clause 6.6.2 of TS 36.101 [4] and clause 6.5.2 of TS 38.101-1 [2] apply for each component carrier.
	Yes, requirement is defined per CC

	6.5B.3.3.1 General spurious emissions
	The general spurious emissions requirements specified in clause 6.6.3.1 of TS 36.101 [4], clause 6.5.3.1 of TS 38.101-1 [2] and TS 38.101-2 [3] apply for each component carrier.
	Yes, requirement is defined per CC

	6.5B.3.3.2 Spurious emission band UE co-existence
	This clause specifies the requirements for the specified EN-DC, for coexistence with protected bands. The requirements in Table 6.5B.3.3.2-1 apply on each component carrier with all component carriers are active.
	Yes, requirement is defined per CC

	6.5B.4	Additional spurious emissions
6.5B.4.4	Inter-band EN-DC within FR1
	The additional spurious emissions requirements specified for E-UTRA in clause 6.6.3.3 and 6.6.3.3A of TS 36.101 [4] and for NR single carrier, CA operation and UL-MIMO specified in clause 6.5.3.3, 6.5A.3.3 and 6.5D.3 of TS 38.101-1 [2] apply for each component carrier.
	Yes, requirement is defined per CC

	6.5B.5	Transmit intermodulation for DC
6.5B.5.3	Inter-band EN-DC within FR1
	The transmit intermodulation requirement specified in clauses 6.7.1 of TS 36.101 [4] and clauses 6.5.4 and 6.5A.4 of TS 38.101-1 [2] apply for each component carrier in E-UTRA bands and NR bands, respectively.
	Yes, requirement is defined per CC



Observation 2:   All current inter-band ENDC requirements are applicable to UE with 1Tx+2Tx inter-band ENDC.

Based on above analysis, we got following proposals.
Proposal 1:         Encourage companies to check which requirement doesn’t apply to inter-band 3Tx, if no, then agree on current requirements defined in 38.101-1 and 38.101-3 are applicable to UE with 1Tx+2Tx inter-band UL CA/ENDC. 


3 Conclusion
In this paper, we analyzed the current inter-band UL CA requirements defined in 38.101-1, and the inter-band ENDC requirements defined in 38.101-3, and its applicability to UE with 3Tx under two bands conditions, i.e. 1Tx@band A + 2Tx@band B. And got following observations and proposals.

Observation 1:   All current inter-band UL CA requirements are applicable to UE with 1Tx+2Tx inter-band UL CA.

Observation 2:   All current inter-band ENDC requirements are applicable to UE with 1Tx+2Tx inter-band ENDC.

Proposal 1:         Encourage companies to check which requirement doesn’t apply to inter-band 3Tx. If no, then agree on current requirements defined in 38.101-1 and 38.101-3 are applicable to UE with 1Tx+2Tx inter-band UL CA/ENDC. 
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