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Introduction
A previous RAN1 LS enquired about possible enhancements to ‘realize increasing UE power high limit for CA and DC (R1-2210739)’. A WF [2] listed possible avenues for enhancement to increase UL reliability.

We develop these avenues further. 
Discussion
Background and Motivation 
The WF [2] identified the following avenues to improve UL reliability via PHR reporting (some details removed for compactness):
	Issue 4: Whether PHR reporting should be considered for a carrier that is configured for DL but not for UL (no active UL BWP)
· 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.
Issue 5: Whether and how PHR reporting enhancement should be considered for FR1 carriers
· RAN4 discussion will focus on the following solutions that have been proposed in this meeting:
1. Power class fallback ΔPPowerClass with aperiodic PHR. 
· (variants for CA, DC etc)
2. Power class being used by the UE. Because reporting ΔPPowerClass must be a huge burden for both UE and network.
· (variants for single cell, CA)
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.



UE behavior in the field
Many proposals in the previous meeting focused on UL duty-cycle and the standards mandated power class fall-back if scheduling inadvertently exceeded the upper-limit of duty-cycle. In real world circumstances, as transmit power limits start to climb with newer power classes, and the Rel-17 enhanced CADC power limit, support of more RATs, this fall-back behavior will be clouded by genuine RF exposure related reduction in transmit power. 
In summary, in the real world there could be unpredictable changes in the UL power from the network’s perspective either from power class fall-back and/or P-MPR, unless the network adheres to a very conservative (inefficient) UL strategy. 
Observation 1: A wholistic framework is preferred to solve the problem of UE-autonomous UL power reductions, rather than one that focuses on a scheduler duty-cycle-induced power-class fallback.
Discussion on solutions
Types of solutions
The avenues identified in the WF [2] sort themselves into two categories:
1. Conveying prevailing status of the UE to the network (for ‘reactive’ strategies)
2. [bookmark: _Hlk131342378]Conveying forecasts on ability to execute future uplink grants (for ‘pro-active’ strategies)
The first category is relatively simple and can help in the near term. The second category is aimed at supporting more sophisticated scheduling algorithms that may become more commonplace in the future. Developing the proposals in the WF [2] for the more general problem identified in observation 1, it is evident that the two classes of solutions listed above may have to developed separately for UEs that avail of the power class fallback clause, and UEs that do not.
A graphic overview of potential solutions is below. The solutions are developed further in the following subsections.
 Prevailing status report
Forecast report

Conveying prevailing UL status of UE to network
Some signaling proposals like power class reporting or delta(P_powerclass) reporting are aimed at refining network scheduling behavior to reduce probability of loss of UL power at the UE triggered by scheduled duty-cycle. In principle, this is understandable, but one concern is that the behavior of the network will be set by the lowest common denominator UE. Presuming this type of behavior is not pursued by the network, this type of solution is only valuable if UE-specific capability on UL duty-cycle is acknowledged and maximized by the network. 
Observation 2: Exploiting power-class or power-class fallback reporting implies that the network can establish and execute UE-specific UL scheduling strategies that are dependent on duty-cycle (at a minimum).
Other than minimizing duty-cycle triggered power-class fallback, the network can also optimize its UL scheduling behavior for UEs that manage their exposure related limits by judicious use of P-MPR. Such a report would come through aperiodic or event-triggered P-MPR reporting for FR1 carriers, like FR2 practice. An example of preferred UL scheduler behavior is to ‘thin-out’ UL grants for each UE for some duration. The duration itself could be optimized by subsequent reports of P-MPR from that UE. While the intent and principle to extract benefit is better discussed in other working groups, reporting this parameter is a first step.
Proposal 1: P-MPR is reported for FR1 carriers to allow network to refine their UL scheduling behavior.
Another avenue is assisting the network for a common configuration is DLCA over multiple bands, but UL CA limited to one band (n DLCA + 1 CC UL). In this case the UE can develop awareness of its ability to execute UL in bands other than the one it is currently configured in (for UL). This could be enabled by the UE’s unique knowledge of regulatory constraints on RF exposure pertaining to the antennas in each carrier and its ability to deliver a certain  amount of power on that carrier. This type of consideration is relevant not only to single carrier UL but also to optimize band pairing for switched-UL CA cases. Note that this information cannot be carried by channel quality mechanisms like SRS, this functionality pertains to executing future UL grants. 
Observation 3: There is no mechanism for the system to leverage the information a UE in a DLCA configuration has collected as part of DL measurements to derive the optimal UL band(s).
The preferred network behavior could be to poll the UE from time to time for a PHR report on those DL-only carriers. RAN4 may not be well equipped to precisely quantify the benefits of such reporting, or the specific assumptions that are necessary (for example, details of the virtual UL) to establish for this report, but it can work towards confirming the availability of this type of information to the network from enhanced UEs. 
Proposal 2: RAN4 to discuss how to enhance power headroom reporting so the network can query the UE for UL in a carrier that is configured for downlink but not for uplink (i.e., no active uplink BWP).
Conveying forecasts on ability to execute future uplink grants
Broadly speaking this category of information comprises some form of UE-specific time element (‘evaluation period start’ and ‘evaluation period duration’ are examples) associated with a UE-specific average power. There is reliance on increased sophistication of a scheduler along the lines of observation 2. 
Like power-class fallback reporting proposals, proposals on evaluation periods [3] are reasonable to solve the problem of scheduler-induced fallback of power-class, but are perhaps a bit narrow in scope considering observation 1.
One way to develop this type of duration report for UEs that suffer from power-class fall-back due to UL duty cycle is reporting how long the fall-back value is likely to be retained. For UEs that must reduce their UL power owing to accrued exposure (P-MPR), this type of reporting can be used to convey a wait time before the UE can potentially improve UL power. More advanced schedulers may even consider a UE’s budget for UL transmissions. For example, this could be in terms of a duration that a UE can execute UL grants considering both, the UE’s declared UL duty-cycle capability as well as the PCmax in the last reported PHR. These UL transmissions could be realized as a sustained transmission at a lower power level or bursts of high power, which the scheduler can incorporate into its considerations. 
This type of information would be available at some UEs, and is feasible to share with the network. There are limits to the frequency of possible reporting as well as limits to the benefits of frequent reporting, and these require further study.
Proposal 3: RAN4 to refine the options for ‘duration’ information for a UE to report as a forecast, for example:
1. For current UEs, information about how long the gNB should not expect better performance:
a. For UEs that fall-back in power class: how long a duty-cycle related power class fallback is expected to persist. 
b. For UEs that use P-MPR: how long the reported range of P-MPR is expected to persist.
2. For all enhanced UEs, information about how long the gNB can expect un-degraded performance: 
a. How long a UE can execute UL grants based on duty-cycle capability and last reported Pcmax.
b. Alternatively, how long a duty cycle can be sustained without triggering additional P-MPR.
Proposal 4: RAN4 to identify feasible methods and communicate to RAN1.
It is recognized that many proposals above require significant complexity at the gNB scheduler. Lack of immediate ability to leverage these new constructs should not be a reason to not consider them; instead a longer view is encouraged.
One important aspect is standards impact from these proposals. The information relayed to the network as part of this enhancement is intended for refinement of UL scheduling strategies, and as such, represent the best guess estimate of the UE. They do not however represent any new requirements for the UE.
Observation 4: Enhancements to relay actionable information to the network about the UE’s ability to execute future UL grants do not have any impact on the UE’s RF requirements.
Standards clean-up
As identified above, the standards mandated power class fall-back plays a motivating role in these enhancements. Unfortunately, the wording in the standards is ambiguous: the power-class fall-back is mandated, but the evaluation period is only loosely specified (‘no less than one radio frame’). Practically, this means ‘shall’ does not apply, because a UE could claim a years-long evaluation period. 
Observation 5: The power-class fall-back ‘mandate’ in section 6.2.1 (and 6.2x.1) in 38.101-1 and 38.101-3 are already effectively not a mandate due to lack of precise evaluation period for UL duty cycle.
Proposal 4: Clarify in the standard that the power-class fallback due to exceeding duty-cycle is optional, not mandatory (for example: ‘may’ instead of ‘shall’). 
Conclusions
Observation 1: A wholistic framework is preferred to solve the problem of UE-autonomous UL power reductions, rather than one that focuses on a scheduler duty-cycle-induced power-class fallback.
Observation 2: Exploiting power-class or power-class fallback reporting implies that the network can establish and execute UE-specific UL scheduling strategies that are dependent on duty-cycle (at a minimum).
Proposal 1: P-MPR is reported for FR1 carriers to allow network to refine their UL scheduling behavior.
Observation 3: There is no mechanism for the system to leverage the information a UE in a DLCA configuration has collected as part of DL measurements to derive the optimal UL band(s).
Proposal 2: RAN4 to discuss how to enhance power headroom reporting so the network can query the UE for UL in a carrier that is configured for downlink but not for uplink (i.e., no active uplink BWP).
Proposal 3: RAN4 to refine the options for ‘duration’ information for a UE to report as a forecast, for example:
1. For current UEs, information about how long the gNB should not expect better performance:
a. For UEs that fall-back in power class: how long a duty-cycle related power class fallback is expected to persist. 
b. For UEs that use P-MPR: how long the reported range of P-MPR is expected to persist.
2. For all enhanced UEs, information about how long the gNB can expect un-degraded performance: 
a. How long a UE can execute UL grants based on duty-cycle capability and last reported Pcmax.
b. Alternatively, how long a duty cycle can be sustained without triggering additional P-MPR.
Proposal 4: RAN4 to identify feasible methods and communicate to RAN1.
Observation 4: Enhancements to relay actionable information to the network about the UE’s ability to execute future UL grants do not have any impact on the UE’s RF requirements.
Observation 5: The power-class fall-back ‘mandate’ in section 6.2.1 (and similar clauses with letter suffixes) in 38.101-1 and 38.101-3 are already effectively not a mandate due to lack of precise evaluation period for UL duty cycle.
Proposal 4: Clarify in the standard that the power-class fallback due to exceeding duty-cycle is optional, not mandatory (for example: ‘may’ instead of ‘shall’).
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1. Overall Description:
RAN4 would like to thank RAN1 for LS on enhancements to realize increasing UE power high limit for CA and DC. 
[….]


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 #1087	Aug. 2023         	Toulouse, FR


UEs that use PC fallback due to UL duty cycle


aperiodic power class (or delta) report


PHR for DL-only carriers when queried by network


UEs that do not use PC fallback


aperiodic P-MPR report (TBD trigger condition)


PHR for DL-only carriers when queried by network


how long the reported range of P-MPR is expected to persist.


how long a duty-cycle related power class fallback is expected to persist


dynamic duty-cycle limit that is applicable for some immediate future time interval


How long a UE can execute UL grants based on duty-cycle capability and last reported Pcmax
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