[bookmark: _Ref399006623][bookmark: _Toc92513360]3GPP TSG-RAN WG4 Meeting # 111	R4-2408121
Fukuoka, Japan, 20th – 24th May, 2024

Source: 	vivo
Title: 	Discussion on increasing UE transmission high power limit for CA HPUE
Agenda Item:	10.1.1.2.3
Document for:	Approval
Introduction
In RAN#103, a new WID [1] was approved on UE RF enhancements for NR FR1/FR2 and EN-DC. Among the scopes there is the following:
· Investigate and if feasible, support increasing UE transmission power limit up to the sum of maximum output power per band for NR inter-band uplink CA and EN-DC HPUE with the different existing power classes which have already been specified
In RAN4#110bis, there were contributions discussing these issues documented in [2][3]. However, due to limited time, no discussion has been taken regarding this issue in this meeting yet. In addition, several issues were raised in [4] which are also worthy to be discussed.
In this contribution, some issues were discussed on this topic.
Discussion
Basic scheme
For the basic scheme of how to introduce increasing power limit, there were two alternatives raised in [4] as following:
Alt-1: Keep the constraint on CA MOP imposed by CA power class, and reuse the higherPowerLimit-r17 capability to indicate the support of changing the P_CMAX_CA upper bound to the sum of MOP per band.
Alt-2: Remove the constraint on CA MOP imposed by CA power class, and modify the P_CMAX_CA requirements so that it’s upper-bounded by the sum of MOP per band;
Alt-1 is the current Rel-17 way, and Alt-2 is a new way. Although it looks like the two ways do not make much difference, we still think Alt-1 is more appropriate. 
When multiple RF chains are working simultaneously, the total power class would always be valid, so it is always reasonable to have a total power class defined. In addition, re-using legacy capability would minimise possible NBC issues, and keep everything aligned. There is no need to change this unless more issues identified.
Observation 1: Keeping current Rel-17 increasing power limit capability and way of revising power class, can satisfy the current need and also bring less NBC issues potentially.
Based on this observation the following proposal is provided:
Proposal 1: Reusing the Rel-17 higher power limit capability and the keep the way of modifying CA/EN-DC power class as sum of individual RF chain power classes.

Relation with duty cycle based SAR
Another issue is the duty cycle-based SAR solution and increasing higher power limit. It was said in [4] that this has not been addressed in REl-17 and is proposed to be considered. 
Duty cycle-based SAR solution would introduce a minus ΔPPowerClass offset based on the original power class, while increasing power limit would replace the CA/EN-DC power class to a larger value (sum of multiple RF chain power classes). These two are different directions, one subtraction and one enhancement. So conceptually these two are not that compatible. For example, in case a non-zero ΔPPowerClass is needed, it is not likely that increase power limit is would be used. 
Observation 2: Duty cycle based SAR solution and increasing power limit are conceptually mutually contradictive.
Actually, the Rel-17 power limit already considered, and taken 38.101-1 as an example:
“-	PPowerClass,CA is the maximum UE power specified in Table 6.2A.1.3-1 without taking into account the tolerance specified in the Table 6.2A.1.3-1; If the UE indicates higherPowerLimit-r17 for an eligible CA configuration as specified in Table 6.2A.1.3-1 and ΔPPowerClass, CA = 0, PPowerClass,CA is replaced by 10 log10 ∑ pPowerClass,c.”
It can be seen that the condition of applying the increasing power limit, is already incorporate two conditions: one is indicate the higher power limit capability, and another is ΔPPowerClass =0, which means that no duty cycle-based SAR solution has been effectively applied. Although there are some other cases lack these wording.
Observation 3: Current increasing power limit applicability already requires ΔPPowerClass =0.
Based on this situation, it is proposed to reuse these principles in current Rel-19.
Proposal 2: Confirm that increasing power limit applicability requires ΔPPowerClass =0.

Scenarios
For the detailed scenarios, several different tentative proposals were listed in [2][3] in addition to PC2+PC3 and PC3+PC5 2Tx which were introduced in Rel-17/18.
We tend to use the proposal in [5] as baseline which is reproduced below:
· Option 1: For 2Tx, if based on existing specified combos, there seems no new scenarios to be considered so far. For 3Tx, the following scenarios may could be considered. (Samsung)
	Indicated PC for A-B
(3Tx in total)
	PC for band A of A-B
(1Tx)
	PC for band B of A-B
(2Tx)
	The total power
(dBm)
	Note

	PC2
	PC3
	PC2
	27.8
	One CC per band 

	PC1.5
	PC3
	PC1.5
	30.8
	One CC per band; For FWA only


We think this is a good compromise between need and workload, and if other operator interests were raised, more scenarios can be considered.
Proposal 3: Consider PC3+PC2 and PC3+PC1.5 for 3Tx as scenarios for increasing power limit Rel-19.

MSD 
With increasing power limit, another issue is whether new MSD requirements are needed.
Traditionally, the worst situation with highest interference power would be utilized for MSD verification in CA combinations. However, with the “adjustment” of the power, such as discussed in increasing power limit, power boosting, and power class maintenance, whether new MSD requirements are needed is a question.
Our view is that new test points should be avoided as much as possible. It seems that even new definition requirements developed, as long as the impacted RF chain is assumed the same, the MSD values are deduced based on a similar but weaker interfere. So the added value of new requirements for higher interference power is quite limited. In addition, there test burden would be also significant if new requirements are defined.
Proposal 4: Try to avoid new verification points, and not to define new MSD requirements for increasing power limit.

Conclusion
In this paper, some considerations for increasing power limit were discussed, and the following observations and proposals were provided:
Observation 1: Keeping current Rel-17 increasing power limit capability and way of revising power class, can satisfy the current need and also bring less NBC issues potentially.
Proposal 1: Reusing the Rel-17 higher power limit capability and the keep the way of modifying CA/EN-DC power class as sum of individual RF chain power classes.
Observation 2: Duty cycle based SAR solution and increasing power limit are conceptually mutually contradictive.
Observation 3: Current increasing power limit applicability already requires ΔPPowerClass =0.
Proposal 2: Confirm that increasing power limit applicability requires ΔPPowerClass =0.
Proposal 3: Consider PC3+PC2 and PC3+PC1.5 for 3Tx as scenarios for increasing power limit Rel-19.
Proposal 4: Try to avoid new verification points, and not to define new MSD requirements for increasing power limit.
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