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1	Introduction 

Considering that many existing UEs are already hardware capable of supporting inter-band UL combinations with simultaneous 1Tx transmission in one band (TDD or FDD) and 2Tx transmission in the other band (TDD) for UL MIMO or Tx diversity, an objective of introducing 2-band with simultaneous 3Tx transmission feature has been included in a newly approved Rel-18 work item [1]. Though the 2-band 3Tx feature capability can already be indicated based on the current signaling design, without explicitly introducing the feature or requirements into RAN4 specifications, the same 2-band UL combinations can only be supported with UL Tx switching or with power/MIMO fallback in the 2Tx band but not simultaneous 3Tx transmission. In this contribution, we share our views on how the inter-band UL CA with simultaneous 3Tx feature can be captured in RAN4 specifications [2].                                               
2 Discussion

NR inter-band UL CA/EN-DC and UL MIMO as individual features have been introduced since Rel-15. The feature of combining inter-band UL CA and UL MIMO in one or both of the UL bands, though has been enabled in Rel-16 with the introduction of UL Tx switching feature, the support of simultaneous 3Tx operation has not been permitted, despite the capability can already be indicated based on the current signaling design. Considering that many existing UEs are already hardware capable of supporting inter-band UL combinations with simultaneous 1Tx transmission in one band (TDD or FDD) and 2Tx transmission in the other band (TDD) for UL MIMO or Tx diversity, an objective of introducing 2-band with simultaneous 3Tx transmission feature has been included in a newly approved Rel-18 work item [1].   

Like single-band UL MIMO feature and intra-band UL CA with UL MIMO feature which have been specified in dedicated clauses in RAN4 specifications [2], to explicitly enable the simultaneous 3Tx feature for inter-band UL CA, it is proposed to add the following new clauses and the corresponding sub-clauses succeeding the clauses for intra-band UL contiguous CA with UL MIMO as summarized in Table 2-1.

	6.2H.2
	Transmitter power for inter-band UL CA with UL MIMO 

	
	6.2H.2.1 Maximum output power; 6.2H.2.2 MPR
6.2H.2.3 A-MPR; 6.2H.2.4 Configured transmitted power

	6.3H.2
	Output power dynamics for inter-band UL CA with UL MIMO 

	
	6.3H.2.1 Minimum output power; 6.3H.2.2 Transmit OFF power
6.3H.2.3 Transmit ON/OFF time mask; 6.3H.2.4 power control

	6.4H.2
	Transmit signal quality for inter-band UL CA with UL MIMO 

	
	6.4H.2.1 Frequency error; 6.4H.2.2 Transmit modulation quality
6.4H.2.3 Time alignment error; 6.4H.2.4 Coherent UL MIMO requirement

	6.5H.2
	Output RF spectrum emissions for inter-band UL CA with UL MIMO 

	
	6.5H.2.1 Occupied bandwidth; 6.5H.2.2 Out of band emission
6.5H.2.3 Spurious emission; 6.5H.2.4 Transmit intermodulation



Table 2-1 Proposed new clauses to enable simultaneous 3Tx for inter-band UL CA
Proposal 1: Add the new clauses in Table 2-1 to TS 38.101-1 to enable the simultaneous 3Tx feature for inter-band UL CA. 

In this contribution, we first provide a draft text proposal for clause 6.2H.2 as below for consideration. The text proposals for the rest of the proposed clauses and the new clauses to enable the simultaneous 3Tx feature for inter-band EN-DC will be provided in future RAN4 meetings.

[bookmark: _Toc83580496][bookmark: _Toc84405005][bookmark: _Toc84413614][bookmark: _Toc83580497][bookmark: _Toc84405006][bookmark: _Toc84413615]6.2H.2	Transmitter power for inter-band UL CA with UL MIMO
6.2H.2.1	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.2.1-1. 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. 
Table 6.2H.2.1-1: 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_n8A-n78A
	295
	+2/-3
	264
	+2/-3
	23
	+2/-3

	CA_n26A-n78A
	295
	+2/-3
	264
	+2/-3
	23
	+2/-3

	CA_n28A-n41A
	295
	+2/-3
	264
	+2/-3
	23
	+2/-3

	CA_n28A-n78A
	295
	+2/-3
	264
	+2/-3
	23
	+2/-3

	CA_n41A-n71A
	295
	+2/-3
	264
	+2/-3
	23
	+2/-3

	CA_n41A-n77A
	
	
	266
	+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:	PPowerClass is the maximum UE power specified without taking into account the tolerance.
NOTE 3:	Power class 3 is the default power class unless otherwise stated.
NOTE 4:	The UE supports PC3 in FDD band and PC2 with UL MIMO in TDD band.
NOTE 5:	The UE supports PC3 in FDD band and PC1.5 with UL MIMO in TDD band.
NOTE 6:	The UE supports PC2 with UL MIMO in either one of the TDD bands and PC3 in the other TDD band.



6.2H.2.2	UE maximum output power reduction 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 6.2D.2 apply for the component carrier configured with UL MIMO and the requirements in clause 6.2.2 apply for the other component carrier.  
[bookmark: _Toc83580499][bookmark: _Toc84405008][bookmark: _Toc84413617]6.2H.2.3	UE additional maximum output power reduction for inter-band UL CA with UL MIMO
For inter-band UL CA with UL MIMO in one of the two frequency bands, unless specified in Table 6.2A.3.1.3-1, the requirements in clause 6.2.3 apply only to the indicated carrier.
[bookmark: _Toc83580500][bookmark: _Toc84405009][bookmark: _Toc84413618]6.2H.2.4	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 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.
   
Proposal 2: Endorse the text proposal above for the new clause “6.2H.2 Transmitter power for inter-band UL CA with UL MIMO” to support the simultaneous 3Tx feature for inter-band UL CA.

On the UE capability side, for the same inter-band UL CA configuration with UL MIMO in one band, some UE may support only UL Tx switching between the two bands, or only simultaneous 3Tx transmission without UL switching, or both UL Tx switching and simultaneous 3Tx transmission. In our view, a UE supporting simultaneous 3Tx transmission may not always support UL Tx switching. Therefore, it seems necessary to introduce a new UE capability for the support of simultaneous 3Tx (such as IE UL3TxBandPair-r18) to differentiate the capability of UL Tx switching (IE ULTxSwitchingBandPair-r16) for the same inter-band UL configuration. Nonetheless, whether a new UE capability for supporting simultaneous 3Tx transmission in 2 bands is needed or not can be further discussed in RAN4.

Observation 1:  A UE supporting simultaneous 3Tx transmission may not always support UL Tx switching.

Observation 2:  It seems necessary to introduce a new UE capability for the support of simultaneous 3Tx to differentiate the capability of UL Tx switching for the same inter-band UL configuration.

Proposal 3: RAN4 to discuss whether a new UE capability for supporting simultaneous 3Tx transmission in 2 bands is needed or not.

3	Conclusion

In this contribution, we share our views on how the inter-band UL CA with simultaneous 3Tx feature can be captured in RAN4 specifications.

Proposal 1: Add the new clauses in Table 2-1 to TS 38.101-1 to enable the simultaneous 3Tx feature for inter-band UL CA.

Proposal 2: Endorse the text proposal above for the new clause “6.2H.2 Transmitter power for inter-band UL CA with UL MIMO” to support the simultaneous 3Tx feature for inter-band UL CA.

Observation 1:  A UE supporting simultaneous 3Tx transmission may not always support UL Tx switching.

Observation 2:  It seems necessary to introduce a new UE capability for the support of simultaneous 3Tx to differentiate the capability of UL Tx switching for the same inter-band UL configuration.

Proposal 3: RAN4 to discuss whether a new UE capability for supporting simultaneous 3Tx transmission in 2 bands is needed or not.
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