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1.	Introduction
The Rel-18 power boosting feature was defined for single CC UL but there is concern in the infra community that the applicability is too restrictive, and that the feature may not be usable. Given the general desire for improved UL and the somewhat artificial applicability restriction, it is incumbent on RAN4 to revisit the applicability of this feature.
2. 	Discussion
2.1	Background
The Rel-18 power boosting feature was only defined for UEs that are configured for single CC UL and DL. While this configuration was an ideal study case, the myriad CA and DC combinations in the standard suggest that this configuration is not oft used. In any of the typical inter-band configurations listed, for the network to successfully use boosting, it must dynamically reconfigure the UE to drop CCs (a costly event from a network efficiency perspective). From the UE perspective too, it is not a trivial undertaking to enable boosting given the demands of gain, power, emissions, etc. After all the hard miles of defining this eminently useful feature in its most basic form, not deploying because ‘it is not well specified’ would be an undesired outcome.
The specific generalized scenarios where boosting is attractive is summarized below, based on contributions in the last meeting [1,2.3]. 
	· Case A: DL CA with a single uplink CC used for transmission.
· [bookmark: _Hlk165810114]Case B: Inter-band UL CA, at least one indicated band supports the power boosting, where a single CC is used for transmission in each power boosted uplink band.
· Case C: FR1+FR2 UL CA, FR1+FR2 DC, FR1+FR1 DC, power boosting feature is supported in an FR1 NR band, where a single CC is configured in this uplink band.



Here, it is useful to address the challenges at hand with expanding the applicability of the feature. On the one hand there is the considerable UE implementation complexity for supporting the feature, which becomes progressively more complex for CA configurations. On the other hand, there is the standards challenge of ensuring that the feature is usable in the real world and the set of requirements is complete. These two are independent problems, and for this exercise only the second problem is relevant. The first problem is already well addressed by flexible (per FS) signalling of this capability.
Observation 1: In trying to generalize applicability of power-boosting to CA scenarios, RAN4 should focus on requirement set completion and applicability to common deployment scenarios.
We evaluate each scenario separately below, along with other problems that have come to light.
[bookmark: _Hlk165810055]2.2	Inter-band scenarios
[bookmark: _Hlk166480865]2.2.1	DLCA with single uplink CC used for Tx
From the Tx side perspective, this case is a trivial extension of the basic capability, because uplink remains limited to one band and there is no additional Tx side burden. 
On the Rx side, the additional bands from the CA configuration may already have significant desensitization mechanisms (i.e non-zero MSD allowances). These mechanisms may become more pronounced, owing to the elevated UL power level of the aggressor. As is well understood however, MSD test cases are specified with carefully chosen UL power level(s), so now the question is whether duplicate MSD test cases must be specified with new allowances and increased UL power level for boosting. Legacy RAN4 methodology in this case is to use simple formulaic extrapolations from the existing MSD test case to reflect the higher aggressor power. There is no meaningful value to this test case however, since the extrapolations do not assume any new hardware. i.e. the new test case will not drive any new design effort for MSD compliance. Note also, that there is precedent in RAN4 for declining to define new MSD test cases in the face of increased UL power: no new MSD test cases were specified with the introduction of the capability higherPowerLimit-r17, despite its increased per-band UL powers. Furthermore, because the capability is per FS (per band per band combo), the UE retains considerable flexibility to not support boosting (‘opt-out’ clause). 
To summarise, there is no innate value to a new MSD test case to reflect boosted operation, and if no new MSD test cases are specified, there is no additional compliance burden for the UE. The requirement set is complete and unambiguous, and the power boosting feature can then be extended to cases with the DL is configured for CA.
Proposal 1: No new MSD test cases are introduced to reflect Rel-18 power boosting. In this case, the Rel-18 power boosting feature can be automatically extended to DLCA with single uplink CC used for Tx
2.2.2	Inter-band UL CA, at least one indicated band supports the power boosting, where a single CC is used for transmission in each power boosted uplink band
Here, the UE is configured for UL CA and has activated CCs in all UL bands (‘both UL bands’ as of this writing). No restriction on scheduling (example: only one CC is transmitting at a time) is assumed across the UL bands. 
From the Tx perspective, the dominant concern is UE implementation feasibility. The UE’s compliance challenge is much tougher than the single UL CC case because the UE must now manage emissions from not only the UL signals with enhanced power, but also all the spurious or nonlinear products resulting from this inter-band CA operation. There is also a significant power management challenge as well as higher potential for SAR-related intervention in the case of multi-RAT operation. An enabling condition may be to allow for FWA form-factor devices due to wall power, better isolation, and better thermal management. In summary, it is easy to get lost in the UE’s implementation detail but from a standards specification perspective it is beneficial to rely on observation 1: it is only important to verify that the requirement set is complete, and separately, the opt-out clause is protected for the UE. On the requirement front, the emissions requirements remain unchanged from the single band Tx case if one or more bands were to start boosting. i.e. there is no ambiguity in which requirements should apply. In fact, the MPR framework for inter-band CA redirects to single CC scenario, suggesting that operationally the ULs can be independent. As is well understood, per-FS signalling is sufficiently flexible to protect the opt-out clause: a UE is able to support this feature only for single CC UL per band but not in ULCA. 
From an Rx perspective, the same MSD argument applies from 2.2.1, except that more MSD mechanisms come into play. Proposal 1 will allow extension of power boosting to inter-ULCA
We can conclude that the UE can indicate based on its ability, support for the case of inter-band ULCA where at least one of the bands supports boosting. 
Observation 2: There is technical justification to include boosting in 2-band ULCA operation.
2.2.3	FR1+FR2 UL CA, FR1+FR2 DC, FR1+FR1 DC, power boosting feature is supported in an FR1 NR band, where a single CC is configured in this uplink band
This case is similar to 2.2.2 in principle for the DC case, and similar to 2.2.1  for CA with FR2. 
2.2.4	Summary of boosting in general inter-band CA scenarios
The ability of a UE to support the Rel-18 power boosting feature in more generalized CA scenarios only depends on UE implementation, which is fundamentally consistent with the understanding of  the term ‘UE capability’. While considerable UE implementation challenges present themselves when trying to support boosting in more generalized scenarios, from a requirement perspective, RAN4 must merely ensure completeness. The Tx side requirements of per-band signal quality or of emissions remain unchanged with boosting, and the Rx side requirements per proposal 1 will remain unchanged. 
Proposal 2: Extend the power boosting feature to the following scenarios:
· Case B: Inter-band UL CA, at least one indicated band supports the power boosting, where a single CC is used for transmission in each power boosted uplink band.
· Case C: FR1+FR2 UL CA, FR1+FR2 DC, FR1+FR1 DC, power boosting feature is supported in an FR1 NR band, where a single CC is configured in this uplink band.
2.3	Intra-band CA scenarios
Intra-band CA at a high level requires a Tx chain that is capable of full power as well as the full signal BW. The legacy IE dualPA-Architecture is used to indicate the special case where multiple Tx chains are required (or utilized) to transmit intra-band CA, and each Tx chain only transmits one CC. The boosting benefit becomes available to this intra-band CA scenario because of the latter condition (single CC per chain).
Observation 3: Boosting is also possible with Rel-18 and older intra-band CA, but only when signalling for IE dualPA-Architecture is present.
It is possible to come up with the full set of intra-band CA scenarios where boosting can be enabled, but one convenient way to filter these out is to identify when the MPR framework of intra-band CA redirects to the single CC case. 
Proposal 3: Extend the power boosting feature to intra-band CA for all scenarios where single CC MPR applies. 
2.4	The standards consistency problem
2.4.1	Inconsistency overview
Several sections in the standard redirect to single CC MPR: intra-band CA, inter-band CA, UL MIMO and TxD. The single CC MPR table references boosting as well as ‘increased reference power’, but the configured power requirements for the features listed above do not uniformly provision for boosting. The inconsistency is self-evident and must be rectified.
	Configuration
	References single CC MPR?
NOTE: single CC MPR references boost and increased reference power
	Configured power accommodates ∆Ppowerboost?
	Potential fix

	Intra-band NC CA
	Y
	N
	When redirected to single CC MPR, 6.2.4 should apply for Tx configured power

	Inter-band CA
	Y 
	N
	Solution similar to [1]

	UL MIMO
	Y
	Y 
	Not a serious problem, but for consistency with treatment in TxD, reference ∆Ppowerboost explicitly in 6.2D.4, like in 6.2G.4

	TxD
	Y
	Y
	N/A



Observation 4: The configured power requirements for ULMIMO (D), Intra-band NC CA (A) and inter-band CA (A) are inconsistent with the redirection to single CC MPR for those cases.
Different solutions may need to be adopted for each case of inconsistency, as suggested by the table above. 
 2.4.2	Inconsistency fix for intra-band NC CA
For  NC CA the proposed wording is outlined below:
	6.2A.2.2.0	General
For intra-band non-contiguous CA, the allowed Maximum Power Reduction (MPR) for the maximum output power is specified into 2 types: MPR to meet -30dBm/MHz and -13dBm/MHz. The UE determins the MPR type as follows:
For UE indicating dualPA-Architecture supported
If OR (LCRB1 = 0, LCRB2 = 0)

MPR defined in Table 6.2.2-1 and Table 6.2.2-2 for PC3 and PC2 UE respectively and the Tx configured power requirement of 6.2.4 applies

Else If AND( FIM3,low_block,low > SEM-13,low ,  FIM3,high_block,high < SEM-13,high )

		MPR defined in Clause 6.2A.2.2.2.1 and Clause 6.2A.2.2.2.2 for PC3 and PC2 UE respectively.

Else
		MPR defined in Clause 6.2A.2.2.1.1 and Clause 6.2A.2.2.1.2 for PC3 and PC2 UE respectively.

	For UE without indicating dualPA-Architecture supported

If OR( LCRB1 = 0, LCRB2 = 0 )

For PC3 UE, MPR defined in Table 6.2.2-1, except for B < 9 MHz where 5.5 dB MPR is used and the Tx configured power requirement of 6.2.4 applies;
For PC2 UE without indicating TxD, MPR defined in Table 6.2.2-2 is used, except for B < 11.52 MHz where 6.5 dB MPR is used and the Tx configured power requirement of 6.2.4 applies;




Proposal 4: For Intra-band NC CA, to remove the inconsistency in Tx configured power when redirected to single CC MPR, add clarification that the single CC Tx configured power (6.2.4) also applies at the same time as single CC MPR (6.2.2).
2.4.3	Inconsistency fix for UL MIMO
For  UL MIMO the proposed wording is proposed to be replicated from 6.2G.4 as shown below:
	6.2D.4	Configured transmitted power for UL MIMO
For UE supporting UL MIMO, the transmitted power is configured per each UE.
The definitions of configured maximum output power PCMAX,c, the lower bound PCMAX_L,c, and the higher bound PCMAX_H,c specified in clause 6.2.4 shall apply to UE supporting UL MIMO, where
-	PPowerClass, ΔPPowerClass+ ΔPPowerBoost and ∆TC,c are specified in clause 6.2.4 unless otherwise stated;
-	MPRc is specified in clause 6.2D.2;
-	A-MPRc is specified in clause 6.2D.3.




Proposal 5: For the configured Tx power requirement for ULMIMO, replicate wording for 6.2G.4 for consistency. 
2.4.4	Inconsistency fix for inter-band CA
A previous contribution [1] serves as the basis for this proposal, and included in companion contributions
 
Proposal 6: For the configured Tx power requirement for inter-band ULCA, use proposals of R4-2409110 and  R4-2409111 as a baseline.


3.	Conclusion
Observation 1: In trying to generalize applicability of power-boosting to CA scenarios, RAN4 should focus on requirement set completion and applicability to common deployment scenarios.
Proposal 1: No new MSD test cases are introduced to reflect Rel-18 power boosting. In this case, the Rel-18 power boosting feature can be automatically extended to DLCA with single uplink CC used for Tx
Observation 2: There is both, technical justification as well as need for consistency in the standard to include boosting in 2-band ULCA operation.

Proposal 2: Extend the power boosting feature to the following scenarios:
· Case B: Inter-band UL CA, at least one indicated band supports the power boosting, where a single CC is used for transmission in each power boosted uplink band.
· Case C: FR1+FR2 UL CA, FR1+FR2 DC, FR1+FR1 DC, power boosting feature is supported in an FR1 NR band, where a single CC is configured in this uplink band.
Make the configured power requirement consistent with the single CC MPR requirement that references boosting.

Observation 3: Boosting is also possible with Rel-18 and older intra-band CA, but only when signalling for IE dualPA-Architecture is present.
Proposal 3: Extend the power boosting feature to intra-band CA for all scenarios where the single CC MPR applies. Make the configured power requirement consistent with the single CC MPR requirement that references boosting.
Observation 4: The configured power requirements for ULMIMO (D), Intra-band NC CA (A) and inter-band CA (A) are inconsistent with the redirection to single CC MPR for those cases.
Proposal 4: For Intra-band NC CA, to remove the inconsistency in Tx configured power when redirected to single CC MPR, add clarification that the single CC Tx configured power (6.2.4) also applies at the same time as single CC MPR (6.2.2).
Proposal 5: For the configured Tx power requirement for ULMIMO, replicate wording for 6.2G.4 for consistency. 
 
Proposal 6: For the configured Tx power requirement for inter-band ULCA, use proposals of R4-2409110 and  R4-2409111 as a baseline.
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