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1. Introduction
In RAN#96 meeting, a new WID has been approved as [1], in which enhancement of 3Tx for band combinations with two bands is included as one objective.
[image: ]
In this paper, we share our views on the relevant RF requirements and how to enable this capability in specifications.
2. Discussion
Motivated by the demand to improve the UE UL coverage, higher power feature was introduced in Rel-16 for single TDD bands at the very beginning, and further extended to FDD bands, NR-CA and EN-DC. The table below summarizes the roadmap of HPUE. 
	Higher power capability
	Introduced since

	PC1.5 for single TDD band 
	Rel-16

	PC2 for single FDD band 
	Rel-17

	PC2 inter-band EN-DC 
	Rel-16

	PC2 inter-band UL NR-CA 
	Rel-17

	DL CA with PC1.5 single UL TDD band 
	Rel-17

	Enabling “Increasing UE power high limit ” feature to support 27.8dBm
	Rel-17



In Rel-17 and earlier releases, the Chain number assumption for coherent Tx working simultaneously is limited to two regardless of whether it is a single band operation or a CA/EN-DC operation during all discussions, although UE is already hardware capable of 3Tx for some band combinations and the specs does not exclude 3Tx which means 3Tx is implicitly compatible with Rel-17 and backwards, i.e. if a super UE with 3Tx working simultaneously already exists in commercial market (3Tx for inter-band CA/ENDC with UL MIMO/TxD for 2 bands), it shall conform to 2Tx requirements.
In this WID, 3Tx targets a 2-band operation, with the premise of a 1CC for each band, and 1Tx in one band while 2Tx with UL MIMO or TxD capability in the other band. The targeted total power class is PC2 or PC1.5, while increasing UE power high limit feature is not included as scope of this WI.
For inter-band UL CA (2Tx in total), generally the RF requirement is per-band or per carrier basis (the requirement description for each Tx characteristics is summarized in Appendix) except for MOP, SE and MSD. TxD was introduced in Rel-17 allowing 2 coherent Tx per band and is transparent to NW, the requirement for TxD refers to either the requirement for UL MIMO, or the requirement for single CC applicable for each transmitter antenna connector or the sum of each transmitter connector.
Observation 1: For inter-band UL CA (2Tx in total), generally the RF requirement is either per-band basis or per-carrier basis, except for MOP, SE and MSD. 
Observation 2: RF Requirement for TxD refers to either the requirement for UL MIMO, or the requirement for single CC applicable for each transmitter antenna connector or the sum of each transmitter antenna connector. 
Impact on Tx/Rx requirement
For 3Tx to achieve 2-band inter-band UL NR-CA or EN-DC scenario, no new Tx requirement is identified given that it is still 1CC for each band, the requirement for 3Tx could still be per-band or per-carrier basis which is same with 2Tx inter-band UL CA (nXA-nYA) except for MOP and SE. For SE for inter-band Uplink to verify the performance for UE coexistence, it does not matter the inter-band UL is achieved via 2Tx or 3Tx, since it is a requirement for coexistence for protected bands. For delta Tib/Rib, usually there is no difference among different power class although the difference among power class is allowed, generally we think there is no necessity to define specific delta Tib/Rib for 3Tx.
In addition, 3Tx operation should be explicitly enabled for certain band combinations which are already included in current WID or requested on the reflector due to the nature of this WID and also band combination-specific requirement is expected(More details could be found in following part). Therefore, some description in spec need to be updated to accommodate the new case, i.e. the requirement for the band with 2Tx (TxD or UL MIMO) should refer to corresponding requirement in suffix D or G.
Observation 3: 3Tx should be explicitly enabled for certain band combinations for certain power class which are already included or to be included in the WID due to the nature of this WID as well as band combination-specific requirement is expected.
Observation 4: In terms of 3Tx to achieve inter-band UL CA with UL MIMO/TxD, the requirement is still per-band or per-carrier basis except for MOP, SE and MSD. 
Proposal 1: No new Tx requirement for 3Tx is identified compared with the requirement for pure inter-band UL CA with 2-band (nXA-nYA).
Proposal 2: Requirement for each Tx/Rx characteristic should be described to accommodate 3Tx scenario, i.e. the requirement for the band with 2Tx (TxD or UL MIMO) should refer to corresponding requirement in suffix D or G (take 38.101-1 as example).
One important requirement for Rx worthy to be considered more is MSD (due to harmonic/harmonic mixing/cross band isolation/IMD). The working procedure for HPUE is when higher power is introduced, the MSD is supposed to be re-evaluated. It should also be noted that for TxD or UL MIMO, Rx requirement defined in suffix D or G is only for single band operation (without DL CA), in other words, the MSD (due to harmonic/harmonic mixing/cross band isolation) for DLCA with single CC UL supporting 2Tx (TxD or UL MIMO) has not been introduced, current MSD which is captured in suffix A (take 38.101-1 as example) is defined with the assumption 1Tx for the aggressor band. For IMD which is established based on 2Tx Chain for inter-band UL CA, also IMD for 3Tx architecture has never been evaluated before. 
Observation 5: In terms of harmonic/harmonic mixing/cross band isolation, MSD for DLCA with single CC UL supporting 2Tx (TxD or UL MIMO) has not been introduced yet, current MSD captured in suffix A (take 38.101-1 as example) is defined with the assumption 1Tx for the aggressor band.
Observation 6: In terms of IMD, MSD for 3Tx architecture has never been evaluated before.
Considering the interference path is highly correlated to the architecture, which means, there would be additional interference path for 3Tx compared with 2Tx. In our view, it is highly possible new framework for 3Tx MSD evaluation is needed, which calls for further discussion and evaluation. Considering the workload, it is suggested to select certain example band combinations from the combos which are already included in current WID to perform the evaluation. In addition, note that PC1.5 for inter-band UL CA (2Tx in total) has not been specified yet. 
Observation 7: The interference path is highly correlated to the RF architecture, which means there would be additional interference path for 3Tx compared with 2Tx.
Observation 8: PC1.5 for inter-band UL CA (2Tx in total) has not been specified yet, which means IMD for PC1.5 has never been discussed.
Proposal 3: For harmonic/harmonic mixing/cross band isolation/IMD, evaluate the new MSD framework for 3Tx operation based on the selected example band combinations (TBD), define new MSD value if needed.

Furthermore, in terms of PC2, 8 combos included in current WID require 3Tx for PC2, however 2Tx for PC2 has not been introduced yet for some of them according to Rel-18 v0.0.0, the status is summarized in below table. With Observation 7/8 and Proposal 3 in mind, it is likely to happen that certain band combinations for certain power class are only enabled with 3Tx, but not 2Tx, especially for PC1.5.

	2Tx for PC2 has been introduced
	2Tx for PC2 has NOT been introduced

	CA_n28A-n41A
	CA_n26A-n78A

	CA_n28A-n78A
	CA_n8A-n78A

	CA_n41A-n71A
	DC_40A_n78A

	CA_n41A-n77A
	

	DC_3A_n78A
	



Proposal 4: 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.

How to structure the specification
Regarding how to structure the spec to enable the capability for certain band combinations, in our view, inter-band ULCA with TxD and inter-band UL CA with UL MIMO could be handled respectively, considering suffix H is specifically for CA with UL MIMO, and H.1 defines the requirement for intra-band contiguous CA with UL MIMO, for sake of spec alignment, it is preferred to add new sub-clause into suffix H for inter-band UL CA with UL MIMO, could be either H.2 or H.3 (with H.2 reserved for intra-band NC CA with UL MIMO for future proof). 
In terms of inter-band UL CA with TxD, as mentioned above, the requirement for each characteristics should be described to refer to the corresponding requirement in suffix G for the band supporting TxD within the band combination, however we think it is unnecessary to add a new clause to enable inter-band UL CA with TxD since TxD is transparent to NW and applicable for all FR1 bands, instead, below description(an example for reference) could be inserted to suffix A for each relevant Tx/Rx characteristics, in addition it is suggested to add new note to Table 6.2A.1.3-1 of 38.101-1 and Table 6.2B.1.3-1 of 38.101-3 to enable this feature.
For inter-band carrier aggregation with uplink assigned to two NR bands and one constituent band supporting TxD, the frequency error requirements defined in clause 6.4.1 shall apply for the component carrier without TxD, and the frequency error requirements defined in clause 6.4G.1 shall apply for the component carrier with TxD, with all component carriers active.
Proposal 5: In terms of inter-band UL CA with TxD (3Tx in total), it is suggested to explicitly enable 3Tx operation for certain band combination for certain power class via adding new note to Table 6.2A.1.3-1 of 38.101-1 and Table 6.2B.1.3-1 for 38.101-3, as well as adding specific description for each relevant Tx/Rx requirement (into suffix A of 38.101-1 and suffix B of 38.101-3). 
Proposal 6: In terms of inter-band UL CA with UL MIMO (3Tx in total), it is suggested to explicitly enable 3Tx operation for certain band combinations by adding a new sub-clause to suffix H of 38.101-1. FFS on how to introduce it for 38.101-3.
3. Conclusion
Observation 1: For inter-band UL CA (2Tx in total), generally the RF requirement is either per-band basis or per-carrier basis, except for MOP, SE and MSD. 
Observation 2: RF Requirement for TxD refers to either the requirement for UL MIMO, or the requirement for single CC applicable for each transmitter antenna connector or the sum of each transmitter antenna connector.
Observation 3: 3Tx should be explicitly enabled for certain band combinations for certain power class which are already included or to be included in the WID due to the nature of this WID as well as band combination-specific requirement is expected.
Observation 4: In terms of 3Tx to achieve inter-band UL CA with UL MIMO/TxD, the requirement is still per-band or per-carrier basis except for MOP, SE and MSD. 
Proposal 1: No new Tx requirement for 3Tx is identified compared with the requirement for pure inter-band UL CA with 2-band (nXA-nYA).
Proposal 2: Requirement for each Tx/Rx characteristic should be described to accommodate 3Tx scenario, i.e. the requirement for the band with 2Tx (TxD or UL MIMO) should refer to corresponding requirement in suffix D or G (take 38.101-1 as example).
Observation 5: In terms of harmonic/harmonic mixing/cross band isolation, MSD for DLCA with single CC UL supporting 2Tx (TxD or UL MIMO) has not been introduced yet, current MSD captured in suffix A (take 38.101-1 for example) is defined with the assumption 1Tx for the aggressor band.
Observation 6: In terms of IMD, MSD for 3Tx architecture has never been evaluated before.
Observation 7: The interference path is highly correlated to the RF architecture, which means there would be additional interference path for 3Tx compared with 2Tx.
Observation 8: PC1.5 for inter-band UL CA (2Tx in total) has not been specified yet, which means IMD for PC1.5 has never been discussed.
Proposal 3: For harmonic/harmonic mixing/cross band isolation/IMD, evaluate the new MSD framework for 3Tx operation based on the selected example band combinations (TBD), define new MSD value if needed.
Proposal 4: 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.
Proposal 5: In terms of inter-band UL CA with TxD (3Tx in total), it is suggested to explicitly enable 3Tx operation for certain band combination for certain power class via adding new note to Table 6.2A.1.3-1 of 38.101-1 and Table 6.2B.1.3-1 for 38.101-3, as well as adding specific description for each relevant Tx/Rx requirement (into suffix A of 38.101-1 and suffix B of 38.101-3). 
Proposal 6: In terms of inter-band UL CA with UL MIMO (3Tx in total), it is suggested to explicitly enable 3Tx operation for certain band combinations by adding a new sub-clause to suffix H of 38.101-1. FFS on how to introduce it for 38.101-3.
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Appendix
	Transmitter characteristics for inter-band CA
	Requirement description

	MOP
	As the sum of maximum output power from each UE antenna connector.

	MOP reduction
	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. 

	Additional MOP reduction
	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

	Minimum output power
	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.

	Transmit off power 
	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.

	Transmit ON/OFF time mask
	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.

	Frequency error
	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

	Transmit modulation quality
	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

	Occupied bandwidth
	For inter-band carrier aggregation with uplink assigned to two NR bands, the occupied bandwidth is defined per component carrier

	Spectrum emission mask
	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

	ACLR
	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.

	Spurious emissions
	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.
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2. 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.
B CA power class or EN-DC power class is PC2.
e  PC3FDD band 1Tx + PC2 TDD band 2Tx (UL MIMO and TxD).
e  PC3FDD band 1Tx + PC3 TDD band 2Tx (UL MIMO).
e PC3TDD band 1Tx + PC2 TDD band 2Tx (UL MIMO).
B CA power class or EN-DC power class is PC1.5.
e  PC3FDD band 1Tx + PCI.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 W1 is in table 4.1-2 with the contact information inside..




