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1. Introduction
The migration of the Release 17 MSD test points to the new table template for cross-band isolation and harmonic interference was performed under the assumption that only power class 3 (PC3) applies to the 1 uplink (UL) transmit configuration of Supplementary UpLink (SUL) bands. However, some SUL bands are specified for power class 2 (PC2) operation. In addition, UL PC2 configurations have been recently requested for some downlink (DL) CA with 2 DL inter-band SUL combinations [1]. Finally, for some SUL bands, PC2 is supported for UL-MIMO but not for single “SUL-band”. This situation leads to ambiguities as to which power class applies to the SUL band that is configured in such PC2 requests for SUL band combinations. It also raises questions regarding whether 1 UL MSD requirements are missing. The intent of this discussion paper is three-fold: 1) to clarify the status of single “SUL-band” power class; 2) to clarify the power class of SUL band-combinations; and 3) to suggest solutions to capture PC2 SUL RF requirements in case these were requested.
[bookmark: _Toc443593759][bookmark: _Toc460338137][bookmark: _Toc492043890][bookmark: _Toc492044144][bookmark: _Toc494295307]2. Discussion
2.1 SUL single-band power classes
Figure 1 and Figure 2 summarize the maximum output requirements for single “SUL-band” and for SUL UL-MIMO versus their NR FDD/TDD counterparts. PC2 is specified for several SUL bands. The yellow highlighted cells in Figure 2 indicate cases where:
· Single-band PC2 requirements appear missing even-though PC2 is specified for UL-MIMO. This is the case of SUL bands n80, n84.
· Footnotes on power tolerances are missing for SUL band n82 (PC3) and SUL n97 (PC2).
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[bookmark: _Ref131778741]Figure 1: SUL band & SUL UL-MIMO power class comparison vs NR FDD/TDD counterpart bands (1/2)
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[bookmark: _Ref131778746]Figure 2: SUL band & SUL UL-MIMO power class comparison vs NR FDD/TDD counterpart bands (2/2)
Observation 1: PC2 is specified for several SUL bands. For SUL band n80, and n84, the PC2 “single band” requirements appear missing. Some footnotes are also missing for the power class tolerances of SUL n82 and n97.
It is our understanding that all SUL configurations of Table 5.5C-1 are, by default, specified to support only PC3 operation. In case one of the constituent SUL band supports PC2, it is not clear if the power class of the SUL combination is also supposed to support PC2 or if the power class remains PC3. Table 5.5C-1 would need to be modified in case PC2 operation were introduced for a SUL combination.
Observation 2: Currently all SUL configurations in sub-clause 5.5C support only PC3 operation. Modifications to table 5.5C-1 are needed in case PC2 SUL configurations are requested.
2.2 Uplink Inter-band SUL configuration power classes
Figure 3 reproduces the recently requested UL power classes of inter-band SUL configurations for operation in DL CA using 2 inter-band DL SUL band combinations. 
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[bookmark: _Ref131780852]Figure 3: UL SUL configurations and UL power class for DL CA of 2 inter-band SUL combinations [1].
The request for UL PC2 raises several questions related to observation 2:
· For CA_n41-n95_n79-n98, it is not clear if PC2 is meant to apply to any constituent band of each UL configuration, or if it is meant to apply to UL CA_n41_n79 or to UL SUL_n41-n95 or to SUL_n79-n98? In case it is meant to apply to SUL configurations, the power classes of the constituent bands are not clear. In case it is meant to apply to only one of the constituent bands, the impact on 1 UL MSD (cross-band isolation and harmonic interference) should be checked.
· For CA_n41A-n83A_n79A-n98A, PC2 is requested for SUL band n98. Does it mean that the power class of the UL SUL_n79_n98 is expected to remain PC3 or is it expected to support PC2? When the SUL band is requested to support PC2, the impact on 1 UL MSD test point should be checked carefully.
· Similar questions are applicable to CA_n41A-n83A_n79A-n95A with PC2 for band SUL n95.
Observation 3: UL PC2 has been recently requested for some DL CA combinations configured with 2 pairs of SUL band combinations, e.g., CA_n41A-n83A_n79A-n98A [1]. In some cases, it is not clear if PC2 applies to one or all of the UL configurations, or if it applies to one of the constituent bands. In case one of the substituent SUL band supports PC2, the impact on 1 UL MSD should be systematically checked.
2.3 Addressing power class ambiguities
The questions and ambiguities captured in observations 1,2 and 3 may be resolved by adopting the approach taken for inter-band NR-CA combinations. For example, CA_n1A-n78A is specified for both UL PC2 and UL PC3 operation. The UL PC2 allowance is firstly captured in clause 5.5A table 5.5A.3.1-1a using Note 8 as reproduced in Table 1. Then, the power class of each constituent band is clarified with Note 6 and Note 7 in clause 6.2A Table 6.2A.1.3-1 as reproduced in Table 2 .
[bookmark: _Ref131521361]Table 1: Capturing PC2 with Note 8 in Table 5.5A.3.1-1a for UL CA_n1A-n78A.
	NR CA configuration
	Uplink CA configuration or single uplink carrier10
	NR Band
	Channel bandwidth (MHz) (NOTE 3)
	Bandwidth combination set

	CA_n1A-n78A
	n18
n788
CA_n1A-n78A8
	n1
	5, 10, 15, 20
	0

	
	
	n78
	10, 15, 20, 40, 50, 60, 80, 90, 100
	

	
	
	n1
	5, 10, 15, 20, 25, 30, 40, 50
	1

	
	
	n78
	10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100
	

	
	
	n1
	5, 10, 15, 20, 25, 30, 40
	2

	
	
	n78
	10, 15, 20, 40, 50, 60, 80, 90, 100
	

	
	
	n1
	5, 10, 15, 20
	3

	
	
	n78
	10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100
	

	
	
	n1
	n1 channel bandwidths in Table 5.3.5-1
	4 and 5

	
	
	n78
	n78 channel bandwidths in Table 5.3.5-1
	

	NOTE 8:	Power Class 2 is allowed for this uplink combination or single uplink carrier in this downlink/uplink combination


[bookmark: _Ref131782936]Table 2: Constituent band PC for UL PC2 using Note 6 and Note 7 in Table 6.2A.1.3-1 for UL CA_n1A-n78A.
	Uplink CA Configuration
	Class 1 (dBm)	
	Tolerance (dB)	
	Class 2 (dBm)
	Tolerance
(dB)	
	Class 3 (dBm)
	Tolerance (dB)	
	Class 4 (dBm)
	Tolerance (dB)

	CA_n1A-n78A
	
	
	266,7
	+2/-3
	23
	+2/-3
	
	

	NOTE 6:  The UE supports PC3 within NR FDD band, and supports either PC3 or PC2 within NR TDD band.
[bookmark: OLE_LINK4]NOTE 7: The UE that supports PC3 within an NR TDD or FDD band and supports PC2 within a second NR TDD band may signal a higherPowerLimit-r17 capability whereby the maximum output power indicated in the table may be exceeded in accordance with sub-clause 6.2A.4.1.3. The power classes referenced are according to the reported ue-PowerClassPerBandPerBC-r17 if indicated or ue-PowerClass otherwise.


Based on this approach and in case PC2 operation were to be requested for SUL band-combinations, the following changes may help ensure PC2 ambiguities are removed and requirements are complete:
1) In clause 5.5C, a footnote may be attached to the SUL configuration in case PC2 is allowed. For the example counterpart of CA_n1A-n78A, a footnote similar to Note 8 (Table 1) may be attached to SUL_n78A-n84 in Table 5.5C-1,

[bookmark: _Ref131783318]Table 3: SUL_n78A-n84A configuration extracted from Table 5.5C-1
	SUL configuration
	NR Band
	Channel bandwidth (MHz) (NOTE 1)
	Bandwidth combination set

	SUL_n78A-n84A
	n78
	10, 15, 20, 40, 50, 60, 80, 90, 100
	0

	
	n84
	5, 10, 15, 20
	

	
	n78
	10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100
	1

	
	n84
	5, 10, 15, 20, 25, 30, 40, 50
	

	NOTE 1:	The SCS of each channel bandwidth for NR band refers to Table 5.3.5-1.



2) In clause 6.2C, a new power class table like the NR-CA Table 6.2A.1.3-1 may be introduced. This table would capture the power class of each SUL combination, and in case PC2 is supported, the NR-CA footnote approach could be used to clarify the power class of each constituent band. 
3) In clause 7.3C, in case PC2 is requested for a SUL combination:
· The current tables should be renamed to clarify that the current tables for Reference sensitivity exceptions due to harmonic interference and due to cross-band isolation apply to PC3 operation;
· A new set of tables may be required to capture the PC2 MSD test points in case the DL band of a SUL combination is affected either by the SUL band harmonic interference of by cross-band isolation interference.
Proposal: In anticipation PC2 operation is requested for SUL band combinations, RAN4 may consider porting the NR-CA approach to SUL clauses 5.5C, 6.2C and 7.3C, i.e.
· In clause 5.5c, a footnote may be used in Table 5.5C-1 to clarify if PC2 is allowed for a given SUL band configuration.
· In clause 6.2C, a new table capturing the power class per SUL band combination may be introduced. In case PC2 is supported, footnotes may be used to clarify the power class of each constituent band.
· In clause 7.3C: 
· the legacy MSD tables for cross-band isolation and harmonic interference should be renamed to clarify the test points apply only to PC3 operation;
· a new set of MSD tables may be required to capture cross-band isolation and harmonic interference MSD for PC2 operation.
3. Conclusion
This contribution raises questions on the ambiguities about PC2 operation for SUL band and/or for SUL band combinations as captured in observation 1,2,3. In case PC2 was to be requested for SUL band combinations, it is suggested to adopt the NR-CA approach for capturing the corresponding PC2 RF requirements.
Observation 1: PC2 is specified for several SUL bands. For SUL band n80, and n84, the PC2 “single band” requirements appear missing. Some footnotes are also missing for the power class tolerances of SUL n82 and n97.
Observation 2: Currently all SUL configurations in sub-clause 5.5C support only PC3 operation. Modifications to table 5.5C-1 are needed in case PC2 SUL configurations are requested.
Observation 3: UL PC2 has been recently requested for some DL CA combinations configured with 2 pairs of SUL band combinations, e.g., CA_n41A-n83A_n79A-n98A [1]. In some cases, it is not clear if PC2 applies to one of the UL configurations, or to all of them, or if it applies to one of the constituent band. In case one of the substituent SUL band supports PC2, the impact on 1 UL MSD should be systematically checked.
Proposal: In anticipation PC2 operation is requested for SUL band combinations, RAN4 may consider porting the NR-CA approach to SUL clauses 5.5C, 6.2C and 7.3C, i.e.
· In clause 5.5c, a footnote may be used in Table 5.5C-1 to clarify if PC2 is allowed for a given SUL band configuration.
· In clause 6.2C, a new table capturing the power class per SUL band combination may be introduced. In case PC2 is supported, footnotes may be used to clarify the power class of each constituent band.
· In clause 7.3C: 
· the legacy MSD tables for cross-band isolation and harmonic interference should be renamed to clarify the test points apply only to PC3 operation;
· a new set of MSD tables may be required to capture cross-band isolation and harmonic interference MSD for PC2 operation.
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