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1 Introduction
Rel-18 WI for “Further NR Coverage Enhancements” was approved[1]. RAN4#104-e-bis started to discuss the following highlighted objective.
	From WID [1]
· Study and if necessary specify following power domain enhancements

· Enhancements to realize increasing UE power high limit for CA and DC based on Rel-17 RAN4 work on “Increasing UE power high limit for CA and DC”, in compliance with relevant regulations (RAN4, RAN1)

· Enhancements to reduce MPR/PAR, including frequency domain spectrum shaping with and without spectrum extension for DFT-S-OFDM and tone reservation (RAN4, RAN1)


Meanwhile, RAN1#110-e-bis discussed this objective as well since RAN1 is also included as a relevant WG in the objective. RAN1#110-e-bis approved an LS to RAN4 [2] to share the related agreement. 
In last RAN4 meeting, a related WF was approved in [3]. A draft reply LS was also discussed in last RAN4 meeting and approved in [4]. The LS describes the current status of RAN4. To further promote the discussion, this paper provides our views on the possible solutions and how to proceed with this issue.
2 Discussion
We summarize our views on each issue captured in the approved WF [3]. For SAR mitigation issue, as a general aspect, while single carrier UL in FR1 may not have a big issue compared to FR2 in terms of SAR(MPE), we think CA/DC in FR1 would have an issue especially when it include a FDD band. 
	Issue 3: Whether to continue the discussion for SAR mitigation issue in RAN4
<Recommended WF>
· FFS whether to consider enhancement for SAR mitigation issue in RAN4.

The behaviour of gNB scheduler should be considered when the issue is discussed.


· Discussion: 
· In last meeting, in our understanding, one party wanted to stop RAN4 discussion and move a whole discussion to RAN1. On the other hand, majority companies preferred to continue to discuss it in RAN4.
· In our view, currently, similar solutions are proposed by different companies in RAN4, therefore it would be better to merge or/and narrow down possible solutions identified in RAN4.
· Then it would also be good to send another LS to RAN1 informing such a “refined” list of solutions that RAN4 identified based on the 2nd sub-bullet above, given that it is assumed that RAN1 may also have similar discussion with some system-wise evaluation of the needed enhancements. Otherwise, RAN1 and RAN4 may reach different solutions based on their own discussion in parallel. 
· Regarding the content of the LS, there are two options in our mind:
· Option 1: Possible solutions RAN4 agreed (Ask RAN1 to decide solution)

· Option 2: Agreed solution(s) RAN4 agreed (Ask RAN1 to implement solution)

· Our preference is option 1 since we expect RAN1 has better knowledge related to the exact benefit of each solution from system perspective, and also related to signaling extension needed for the solution(s). Meanwhile, note that remaining TU especially for RAN1 is limited such as by Sep. 2023. If we choose option 1, we need to send a LS to RAN1 earlier so that RAN1 have time to decide the solution. If the lack of TU is problematic, we’re also ok with option 2 to reduce the amount of work to be requested to RAN1.
· Observation: Further discussion for SAR mitigation in RAN4#106-e-bis is needed.
· Proposal 1: Take option 1: Send LS to RAN1 with possible solutions and ask RAN1 to decide solution.

· RAN1 TU is allocated until Sep. 2023. If we take option 1, we need to send a LS to RAN1 earlier so that RAN1 have time to discuss the solution.

	Issue 4: Whether PHR reporting should be considered for a carrier that is configured for DL but not for UL (no active UL BWP)
<Recommended WF>
· Further clarification would be required to justify the necessity to introduce PHR reporting for the carrier that is configured for DL but no UL (no active UL BWP) for coverage enhancement purpose.

· The difference between SRS carrier switching and the proposed scheme should be clarified.


· Discussion
· In this solution, we understand that UE knows less impacting UL band(s) than UL band being configured in terms of SAR. The difference of impact on SAR between bands comes from the different location of antenna of the bands implemented in the UE, in our understanding. NW may change its UL band to the less impacting UL band according to indication from UE.
· In our understanding, basically, in the above example, the UL band being configured should had been decided based on other factors such as UL channel quality, which is actually possible in the current specification e.g., by utilizing SRS carrier switching framework. By introducing PHR for the carrier that is configured for DL but no UL, gNB may be able to obtain more direct/simpler information in terms of potential power for such band(s) which may help gNB scheduler more. Since we are not sure if there is a common understanding on this proposed method, whether changing UL band can derive performance gain or not and/or whether the proposal can give another benefit compared to the legacy function or not can be the check points when discussing its introduction. 
	Issue 5: Whether and how PHR reporting enhancement should be considered for FR1 carriers
<Recommended WF>
· RAN4 discussion will focus on the following solutions that have been proposed in this meeting:

1. Power class fallback ΔPPowerClass with aperiodic PHR. 

2. Power class being used by the UE. Because reporting ΔPPowerClass must be a huge burden for both UE and network.

3. The sustainable duty cycle over a certain duration that would prevent triggering a power class fallback at the UE, as well as period of applicability of the ∆PPowerClass report.

4. Introduce a scheme for a UE to report uplink symbol evaluation period and starting timing.

5. Enhance the current power headroom reporting framework to enable P-MPR reporting (via MPE field) for FR1 carriers.


· Discussion
· We see two categories among solutions, i.e., Cat#1): solution 1/2/5 that is reporting the current condition of UE in terms of SAR. Cat#2): solution 3/4 that is reporting the future condition of UE.
· Between Cat#1 and Cat#2, we have more interests on Cat#2 because it would have more possibility for NW to utilize this information for future UL scheduling to enhance UL performance.
· For Cat#1, 
· Solution 1/ 2 are similar, and the expected performance gain would be similar. So, it would be better to narrow down solution 1/2 to one solution in RAN4 before sending it to RAN1.
· Solution 5 may be needed assuming not all UEs rely on power class fallback and some UEs use P-MPR.

· For Cat#2, 

· The motivation of solution 3/4 is that NW can predict the future condition when UE decreases it transmit power due to SAR issue.

· If it is feasible, we think solution 3 is more straight information for NW to understand the future condition.
· One missing part for both solution 3/4 is P-MPR reporting. Assuming not all UEs rely on power class fallback and some UEs use P-MPR, reporting the sustainable duty dycle that UE do not use P-MPR is also a valid information.
· Proposal 2:
· Narrow down solution 1 and 2 to one solution.
· Proposal 3:
· Propose solution 3a modifying solution 3 to include P-MPR aspect.

· Solution 3a: Reporting the sustainable duty cycle over a certain duration that would prevent triggering a power class fallback and P-MPR at the UE.
	Issue 6: Other proposal
<Recommended WF>
· Encourage companies to check the discussion progress in RAN1 then decide whether to further discuss the energy headroom report in RAN4 with more clarification.


· Discussion
· This solution is included in Cat#2 mentioned above, and more ideal but more complex solution compared to solution 3/4 in issue 5.

· We are open to further discuss but it may need much time compared to other solutions. Meanwhile, we understand this topic is expected to be discussed in RAN1 at first as per the WF above. 
Based on the discussion above, we make the following proposal:
· Proposal 4: Send a LS to RAN1 with the following possible solutions and ask RAN1 to decide solution. 
· Either of solution 1 or 2.
· Solution 1: Power class fallback ΔPPowerClass with aperiodic PHR. 

· Solution 2: Power class being used by the UE. Because reporting ΔPPowerClass must be a huge burden for both UE and network.
· Solution 3a: Reporting the sustainable duty cycle over a certain duration that would prevent triggering a power class fallback and P-MPR at the UE.

· Solution 5: Enhance the current power headroom reporting framework to enable P-MPR reporting (via MPE field) for FR1 carriers.
· Proposal 5: Discuss the content of a reply LS based on the attached draft LS.

3 Conclusion
Here we summarize our proposals: 
· Observation: Further discussion for SAR mitigation in RAN4#106-e-bis is needed.
· Proposal 1: Take option 1: Send LS to RAN1 with possible solutions and ask RAN1 to decide solution.


· RAN1 TU is allocated until Sep. 2023. If we take option 1, we need to send a LS to RAN1 earlier so that RAN1 have time to discuss the solution.

· Proposal 2:

· Narrow down solution 1 and 2 to one solution.

· Proposal 3:

· Propose solution 3a modifying solution 3 to include P-MPR aspect.

· Solution 3a: Reporting the sustainable duty cycle over a certain duration that would prevent triggering a power class fallback and P-MPR at the UE.

· Proposal 4: Send a LS to RAN1 with the following possible solutions and ask RAN1 to decide solution. 
· Either of solution 1 or 2.

· Solution 1: Power class fallback ΔPPowerClass with aperiodic PHR. 

· Solution 2: Power class being used by the UE. Because reporting ΔPPowerClass must be a huge burden for both UE and network.

· Solution 3a: Reporting the sustainable duty cycle over a certain duration that would prevent triggering a power class fallback and P-MPR at the UE.

· Solution 5: Enhance the current power headroom reporting framework to enable P-MPR reporting (via MPE field) for FR1 carriers.

· Proposal 5: Discuss the content of a reply LS based on the attached draft LS.
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1. Overall Description:

Regarding information exchange needed between the UE and gNB to improve scheduling and network performance when using higher power CA/DC, RAN4 further discusses and agrees that the following solutions are possible solutions:

· [Solution A: Power class fallback ΔPPowerClass with aperiodic PHR. 
· Report power-class fallback ΔPPowerClass in the PHR per serving cell, any power-class change, fallback or return to declared power class, should trigger an aperiodic PHR. This also includes FDD PC2.
· Report power-class fallback ΔPPowerClass,CA in the multi-entry PHR for the BC; any BC power-class change, fallback or return to advertised BC power class, should also trigger an aperiodic PHR.
· For EN-DC report power-class fallback ΔPPowerClass,EN-DC in the multi-entry PHR for the BC.]
· Solution B: Enhance the current power headroom reporting framework to enable P-MPR reporting (via MPE field) for FR1 carriers.
· Solution C: Reporting the sustainable duty cycle over a certain duration that would prevent triggering a power class fallback and P-MPR at the UE.
It is RAN4 understanding that the final decision on solution(s) for enhancements to information exchange between UE and gNB to facilitate higher power transmissions in CA and DC is up to RAN1.
2. Actions

To RAN1:

ACTION: 
RAN4 respectfully requests RAN1 to take the above into account in their future work.

3. Date of Next TSG WG RAN4 Meetings:

TSG-RAN WG4 Meeting #107
May 2023         
Incheon, Korea
TSG-RAN WG4 Meeting #108
August 2023         
Toulouse, FR
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