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1	Introduction
A WF [1] was agreed in RAN4#110bis. It’s expected that companies will share their views on the listed open issues in the coming meeting.
Proposal: Companies are encouraged to consider the following options for the corresponding issues:

Issue 2.2-1: Should P-Max be included in the ΔPPowerClass definition?  

Option 1: Yes

Option 2: No

Issue 2.2-2: Is it agreeable to revise the PCMAX_L formula as below for single carrier and apply the similar change to other UL features?

PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c, (PPowerClass – ΔPPowerClass + ΔPPowerBoost) – MAX(MAX(MPRc+∆MPRc, A-MPRc) + ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc, ΔPPowerClass)}    

Option 1: Yes

Option 2: No


Issue 2.2-3: How to describe power class fallback UE behavior during SRS transmission occasions for PC2 capable UE with txDiversity-r16 capability or PC1.5 capable UE?

Option 1: No change in current specifications, meaning that ΔPPowerClass = 3dB is sufficient.

Option 2: Change ΔPPowerClass = 3dB with the wordings that “for PC2 UE with txDiversity-r16 capability, all requirements for the default power class apply, and for PC1.5 UE, all requirements for PC2 apply.

Option 3: Other options are not precluded.

Issue 2.2-4: If RAN4 agrees to make specifications revisions to mitigate the power class fallback issues, which release should be the starting release for the changes?

Option 1: Rel-17

Option 2: Rel-18



 


2	Discussion
The power class capabilities reported by the UE can be considered static. However, the power class requirements to be applied for a transmission can vary, depending on e.g., duty-cycle capability or P-Max, whichever is signalled.
Observation 1: Power class fallback means that the Tx and Rx requirements corresponding to a lower power class apply.
Observation 2: The current specification allows power class fallback, which are described in multiple clauses including MOP, MPR, Configured Tx power, etc.
6.2.2 UE maximum output power reduction
UE is allowed to reduce the maximum output power due to higher order modulations and transmit bandwidth
configurations. For UE power class 2 and 3 and UE power class 1, the allowed maximum power reduction (MPR) is
defined in Table 6.2.2-2, Table 6.2.2-1, Table 6.2.2-4b and Table 6.2.2-5, respectively for channel bandwidths ≤ 100MHz. For UE power class 1.5 with dual Tx, the allowed maximum power reduction (MPR) is defined in Table 6.2D.2- 2 and Table 6.2D.2-3 in accordance with the indicated modifiedMPR-Behavior specified in Table L.1-1 for channel bandwidths ≤ 100 MHz. For UE power class 1.5 with 4 Tx, the allowed maximum power reduction is defined in Table 6.2D.2-4, 6.2D.2-5. When A UE that indicates PC1.5 for a given band is limited to PC2 by the rules in clause 6.2.1, the MPR requirements in Table 6.2.2-2 apply.
…

6.2G.2 UE maximum output power reduction for Tx Diversity
For UE supporting Tx diversity, the allowed MPR for the maximum output power is specified in Table 6.2.2-1 for UE power class 3, in Table 6.2D.2-1 for UE power class 2, in Table 6.2D.2-2 and Table 6.2D.2-3 for UE power class 1.5 with dual TX, in Table 6.2D.2-4 and 6.2D.2-5 for UE power class 1.5 with 4 Tx. For UE power class 1.5 with dual Tx, the allowed maximum power reduction (MPR) defined in Table 6.2D.2-3 is in accordance with the indicated modifiedMPR-Behavior specified in Table L.1-1 for channel bandwidths ≤ 100 MHz. The maximum output power is defined as the sum of the maximum output power at each UE antenna connector. If a UE that supports PC1.5 has to apply the requirements of PC2 according to the rules in clause 6.2.1, the MPR requirements in Table 6.2.2-2 apply.


Proposal 1: NBC changes should be avoided since the current specification allows power class fallback in multiple clauses.
If the network imposes a limit on the MOP by e.g. P-Max, it could last for the whole duration for which the UE is attached to the serving cell. Furthermore, if the P-Max also causes ΔPPowerClass = 3dB, a UE supporting TxD may take advantage of the current specification and switch off unnecessary transmitters. For example, a PC1.5 UE may decide to use only 1Tx if it receives P-Max=26dBm or lower. In this case, the UE will only be able to comply with the MPR/A-MPR requirements for PC2 instead of PC1.5.
Observation 3: A UE supporting TxD may switch to 1Tx when power class fallback is allowed according to the current specification.
Proposal 2: Keep power class fallback for UEs supporting TxD when ΔPPowerClass = 3dB is caused by P-Max or SRS transmissions.
As highlighted below, it appears that ΔPPowerClass is not only used by power class fallback but also power boosting.
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The UE is allowed to set its configured maximum output power PCMAX,f,c for carrier f of serving cell c in each slot. The configured maximum output power PCMAX,f,c is set within the following bounds:
PCMAX_L,f,c ≤  PCMAX,f,c  ≤  PCMAX_H,f,c with
	PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c,  (PPowerClass – ΔPPowerClass + ΔPPowerBoost) – MAX(MAX(MPRc+∆MPRc, A-MPRc)+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) }
PCMAX_H,f,c = MIN {PEMAX,c,  PPowerClass – ΔPPowerClass + ΔPPowerBoost}
where
	PEMAX,c is the value given by either the p-Max IE or the field additionalPmax of the NR-NS-PmaxList IE, whichever is applicable according to TS 38.331[7];
	PPowerClass is the maximum UE power specified in Table 6.2.1-1 and in Table 6.2F.1-1 for shared spectrum access operation, without taking into account the tolerance specified in the Table 6.2.1-1 and in Table 6.2F.1-1 for shared spectrum access operation;
	When  the IE powerBoostPi2BPSK is set to 1, PEMAX,c is increased by +3 dB for a power class 3 UE operating in TDD bands n40, n41, n77, n78, and n79 with PI/2 BPSK modulation and UE indicates support for UE capability powerBoosting-pi2BPSK and 40% or less symbols in certain evaluation period are used for UL transmission when PEMAX,c ≥ 20 dBm (The exact evaluation period is no less than one radio frame).
	When the IE powerBoostPi2BPSK is set to 1, ΔPPowerClass = -3 dB for a power class 3 UE operating in TDD bands n40, n41, n77, n78, and n79 with Pi/2 BPSK modulation and UE indicates support for UE capability powerBoosting-pi2BPSK and 40% or less slots in radio frame are used for UL transmission.



Proposal 3: Consider to replace ΔPPowerClass = -3dB with ΔPPowerBoost = 3dB for the powerBoostPi2BPSK feature.
Proposal 4: Consider to define a new variable (e.g. ΔPMOP) to replace ΔPPowerClass when MOP needs to be reduced but power class fallback is not allowed, such as duty-cycle exceedance. And continue to use ΔPPowerClass for the cases when power class fallback is allowed.
Based on the above discussions, an example modification of the PCMAX formula for single-carrier operations is shown below:
PCMAX_L,f,c ≤  PCMAX,f,c  ≤  PCMAX_H,f,c with
	PCMAX_L,f,c = MIN {PEMAX,c– ∆TC,c,  (PPowerClass – ΔPPowerClass + ΔPPowerBoost) – MAX(MAX(MPRc+∆MPRc, A-MPRc)+ ΔTIB,c + ∆TC,c + ∆TRxSRS, P-MPRc) , PPowerClass – ΔPMOP }
PCMAX_H,f,c = MIN {PEMAX,c,  PPowerClass – ΔPPowerClass + ΔPPowerBoost, PPowerClass – ΔPMOP }
Power class fallback is effectively relaxation for the UE, which allows lower output power for PCMAX than that required by the indicated power class. Instead of forcing the UE to comply with all the requirements of a lower power class, it’d be better to soften the wording in the spec.
Proposal 5: Consider to soften the wording in the spec, for example, changing the wording to “… shall allow to apply all the requirements for the default power class…”.
3	Conclusion
In this paper, we continue to discuss the open issues left from the last meeting. The following proposals are made:
Observation 1: Power class fallback means that the Tx and Rx requirements corresponding to a lower power class apply.
Observation 2: The current specification allows power class fallback, which are described in multiple clauses including MOP, MPR, Configured Tx power, etc.
Proposal 1: NBC changes should be avoided since the current specification allows power class fallback in multiple clauses.
Observation 3: A UE supporting TxD may switch to 1Tx when power class fallback is allowed according to the current specification.
Proposal 2: Keep power class fallback for UEs supporting TxD when ΔPPowerClass = 3dB is caused by P-Max or SRS transmissions.
Proposal 3: Consider to replace ΔPPowerClass = -3dB with ΔPPowerBoost = 3dB for the powerBoostPi2BPSK feature.
Proposal 4: Consider to define a new variable (e.g. ΔPMOP) to replace ΔPPowerClass when MOP needs to be reduced but power class fallback is not allowed, such as duty-cycle exceedance. And continue to use ΔPPowerClass for the cases when power class fallback is allowed.
Proposal 5: Consider to soften the wording in the spec, for example, changing the wording to “… shall allow to apply all the requirements for the default power class…”.
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