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Introduction
In this contribution, we share our views on power domain enhancements.
Discussion on increasing UE power high limit for CA and DC
 Views on the approaches discussed in RAN
In RAN1#112b-e meeting, the following proposal for observation has been made.[1]
	Proposal for Observation
RAN1 discussed advantages and disadvantages of solutions included in R1-2302270 (R4-2303701) on enhancements to realize increasing UE power high limit for CA and DC. Pros and cons of the inclusion in the PHR report of at least one of the following quantities have been analyzed for different reporting mechanisms, triggers, and reporting periodicities:
· ∆PPowerClass 
· Power class
· P-MPR 
· Start and length of evaluation period for power class fallback
· Estimated duration of power class fallback
· Estimated duration over which UE can sustain Pcmax before additional P-MPR is required
· Sustainable duty cycle to prevent a fallback
· Energy/power availability


In this section, we share our views on power domain enhancements to increase gNB awareness of UE's Tx power. Current specifications suggest that the SAR issue for non-CA with HPUE can be avoided using power class fallback, considering the ratio of uplink transmission in a specific evaluation period (duty cycle) or transmit power reduction (P-MPR). For CA cases, the same approach is applied. However, this method has a drawback as follows: as the UE voluntarily executes these functions, the UE does not have to report the amount of the actual power reduction to the gNB. This leads to a discrepancy in the recognition of the UE transmission power between the gNB and UE. Consequently, the gNB might continue scheduling UL transmission/retransmission requiring high transmission power to a UE who has already reduced UL transmission power (or cannot radiate any signal due to SAR limitation). As a result, this discrepancy causes a degradation of overall system performance. To enjoy the benefits of increasing the UE power high limit for CA and DC, the issue for the discrepancy should be addressed in Rel-18. Among the solutions listed in the above proposal, we believe that the sustainable duty cycle is an attractive candidate. More precisely, a UE reports to the gNB the sustainable duty cycle which includs the duration how long the value of the ΔPPowerClass is likely to remain unchanged. This allows the gNB scheduler to have more predictability in avoiding PC fallback and/or P-MPR occurrences. For the merits of the sustainable duty cycle, the reporting value of the sustainable duty cycle is fit into the enhanced PHR report since it does not include UE Tx power information but only for the duration. Also, the gNB does not have to calculate and track the accumulated transmit power of a UE precisely because no occurrence of transmit power reduction is guaranteed by the sustainable duty cycle. If the guaranteed time period is expired, gNB can simply reduce the transmit power of 3dB by e.g. closed power control, reduction of scheduling RB number and/or disable/deactivate UL SCell. Moreover, it can be applied to solve the discrepancy caused from both PC fallback and P-MPR as the duration implies the UE’s remaining transmission power even if UE conducted either or both functions.
At the previous meeting, the following concerns were mentioned regarding the sustainable duty cycle. We believe the concerns are not applicable to sustainable duty cycle due to the reasons below:
· Concern 1: It is unclear whether the gNB scheduler can utilize the sustainable duty cycle information.
Our understanding is that the gNB can consider the received sustainable duty cycle information for each UE and adjust scheduling to control the UE's transmission power and transmission duration to meet SAR requirements. Additionally, the gNB can reduce the UE's transmission power to prevent exceeding power limits. For example, upon receiving the sustainable duty cycle, the gNB can schedule UL transmissions without any restriction within the time duration of sustainable duty cycle, and if the time duration is expired, it can adjust the transmit power, which can avoid the occurrence of P-MPR/PC fallback. Thus, given that the sustainable duty cycle can address both PC fallback and P-MPR. 
Observation1: The gNB can utilize sustainable duty cycle information from each UE to adjust scheduling and to control transmission power, thereby meeting SAR requirements by the gNB control. Furthermore, this approach is applicable to both PC fallback and P-MPR.
· Concern 2: If the reporting interval is short, the overhead of PHR increases, and if the reporting interval is long, the reliability of the information decreases.
Regarding the reporting interval, using a trigger-based aperiodic reporting mechanism allows for more flexibility in transmitting reports at appropriate timing. This approach enables dynamic adjustment of reporting frequency based on specific conditions or events, ensuring timely and relevant information without excessive overhead.
Observation2: Regarding the reporting interval, by sending trigger-based aperiodic reports, it becomes possible to transmit reports at an appropriate reporting timing.
· Concern 3: The existing UE implementation base is sufficient.
Existing UE implementation-based measures such as PC fallback and P-MPR, it’s indeed possible to comply with SAR regulations. However, there exists a concern that burst error on PUSCH may occur due to misunderstandings between the gNB and the UE until outer loop link adaptation properly works. This issue presents a considerable challenge from gNB perspective. 
Observation3: The existing UE implementation-based measures like PC fallback and P-MPR can meet SAR regulations, but potential misunderstanding between the gNB and the UE may degrade link-level performance.
Given the analysis above, we still see the necessity of sustainable duty cycle report to enjoy the real benefit of increasing UE power high limit for CA and DC, and the potential concerns can be addressed. Therefore, the following proposal is made to move forward. 
Proposal1: In order to enjoy the benefit of increasing UE power high limit for CA and DC sustainable duty cycle should be included in PHR report.
Discussion on enhancements for reducing MPR/PAR
Discussion on FDRA field indication
In RAN1#112b-e meeting, the following FL’s proposal has been made.[1]
	FL’s proposal 1-v3
If FDSS-SE is supported in Rel-18, the FDRA field indicates the number of PRBs in the inband.

[bookmark: _Hlk132999650]FFS: determination of the bandwidth of resource assignment   in the uplink power control calculation.
Note: whether this will have RAN1 specification impact (if any) is a separate discussion and subject to RAN4’s conclusion to support FDSS-SE as one MPR/PAR reduction solution for Rel-18 (if any).


And, FL has asked 2 questions as following:
	3.2.3-Q1
Which aspects are impacted in case FDRA field indicates the number of PRBs in the inband, in case of FDSS-SE, e.g., power control, TBS determination, and so on?
Please elaborate on your answer, providing spec references if needed (if, for instance, the implication is not trivial).

3.2.3-Q2
Which aspects are impacted in case FDRA field indicates the number of PRBs in the total allocation, in case of FDSS-SE, e.g., power control, TBS determination, and so on?
Please elaborate on your answer, providing spec references if needed (if, for instance, the implication is not trivial).


In this section, we share our views on the RAN1 spec impact due to different FDRA field interpretation of number of PRB’s. The following table summarizes the comparison of spec impact due to differences in FDRA field indication.
Table.1 Comparison of RAN1 spec impact due to differences in FDRA field interpretation
	FDRA field interpretation
	FDRA field indicates the number of PRB’s in the inband
	FDRA field indicates the number of PRB’s in the total allocation

	RAN1 spec impact
	· No need for changes in the specification related to PUSCH resources
· Surrounding RBs are reserved for Spectrum extension.
· Power control needs to be modified to include Spectrum extension in .
· PHR also needs a similar modification as Power control.
	· Specification change for PUSCH resource is required.
· Power control does not need to be changed
· PHR also does not need to be changed.


In our understanding, if the FDRA field indicates the number of PRBs in the inband, there is no need for specification changes regarding the PUSCH resources. However, alterations will be necessary for the power control and power headroom equations. Conversely, if the FDRA field signifies the number of PRBs in the total allocation, it necessitates changes in the specifications related to PUSCH resources, while the equations for Power control and Power headroom do not require modifications. 
From this analysis, it deems necessary to discuss the interpretation of FDRA should be discussed first, i.e. whether or not the indicated PRBs include spectrum extension, because the potential spec impact is different depending on this interpretation. 
Proposal2: Firstly, RAN1 should discuss the interpretation of FDRA, i.e. whether or not the indicated PRBs include spectrum extension.
Conclusion
In this contribution, we provided our views on power domain enhancement, and our observations and proposals are summarized as follows: 
Observation1: The gNB can utilize sustainable duty cycle information from each UE to adjust scheduling and to control transmission power, thereby meeting SAR requirements. Furthermore, by preemptively managing transmission power, both PC fallback and P-MPR occurrences can be effectively prevented, underscoring the superiority of this approach over PC fallback or P-MPR reports.
Observation2: Regarding the reporting interval, by sending trigger-based aperiodic reports, it becomes possible to transmit reports at an appropriate reporting timing.
Observation3: The existing UE implementation-based measures like PC fallback and P-MPR can meet SAR regulations, but potential misunderstanding between the gNB and the UE may degrade link-level performance.
Proposal1: In order to enjoy the benefit of increasing UE power high limit for CA and DC sustainable duty cycle should be included in PHR report and send to gNB aperiodically on trigger basis.
Proposal2: Firstly, RAN1 should discuss the interpretation of FDRA, i.e. whether or not the indicated PRBs include spectrum extension.
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Appendix
FDRA field indicates the number of PRB’s in the inband
In TS 38.213 section 7.1.1, the formula for PUSCH power control is provided as shown below:
	If a UE transmits a PUSCH on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ] using parameter set configuration with index [image: ] and PUSCH power control adjustment state with index [image: ], the UE determines the PUSCH transmission power [image: ] in PUSCH transmission occasion [image: ] as
[image: ] [dBm]



If FDSS-SE is to be supported in Rel-18 and FDRA field indicates the number of PRBs in the inband, it would be necessary to modify the PUSCH power control formula as described below to accommodate these changes.
	=min 
 [dBm]


Where  is number of PRBs used for Spectrum extension.
In TS 38.213 section 7.7.1, the formula for Type1 power headroom report is provided as shown below:
	If a UE determines that a Type 1 power headroom report for an activated serving cell is based on an actual PUSCH transmission then, for PUSCH transmission occasion [image: ] on active UL BWP [image: ] of carrier [image: ] of serving cell [image: ], the UE computes the Type 1 power headroom report as 
[image: ] [dB]


If FDSS-SE is to be supported in Rel-18 and FDRA field indicates the number of PRBs in the inband, it would be necessary to modify the Type1 power headroom report formula as described below to accommodate these changes.
	= 
[dB]


Where  is number of PRBs used for Spectrum extension.
FDRA field indicates the number of PRB’s in the total allocation
In TS 38.214 section 6.1.2.2.2 the formula for resource indication value (RIV) is provided as shown below:
	
if  then


[bookmark: MCCQCTEMPBM_00000036]else 




[bookmark: MCCQCTEMPBM_00000037]where³ 1 and shall not exceed. 


If FDSS-SE is to be supported in Rel-18 and FDRA field indicates the number of PRBs in the in the total allocation, it would be necessary to modify the RIV formula as described below to accommodate these changes.
	





Where LRBs is the RB lengths of spectrum extension combined with PUSCH, LRBs,SE is the RB lengths of spectrum extension only.
By the way, there may be necessary changes depending on the interpretation of the specifications. If ‘the RBs allocated for PUSCH transmission’ are interpreted to include the spectrum extension, changes like those shown in the example below would need to be made to , as indicated in section 6.3.1.4 of TS 38.211.
	Transform precoding shall be applied according to

	


resulting in a block of complex-valued symbols . The variable, where  represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil
	[image: ]

where  is a set of non-negative integers. 
Where  does not include RBs for spectrum extension, if any.


Similarly, changes like those shown in the example below would need to be made to , as indicated in section 6.2.7 of TS 38.212.
	


Denote  as the subcarrier index of the scheduled PUSCH, starting from 0 to , where  is expressed as a number of subcarriers.




Denote  as the set of resource elements, in ascending order of indices , available for transmission of data in OFDM symbol , for . 
Where  does not include RBs for spectrum extension, if any.
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