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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 previous WF [4] down selected possible avenues for enhancement to increase UL reliability. We further down select the list to a list relevant to various members of the infra community. We also add some motivation detail for solutions pertaining to carriers configured for DL but not UL. 
Discussion
Assistance information available from a UE
For configured UL carrier(s)
In a previous contribution [3], we laid out an array of possible UE assistance information that the network could use to improve its UL scheduling, based on the active UL carrier. The graphic is reproduced below in slightly modified form due to reported unsuitability of using duty-cycle based criteria. In principle, it is up to the carrier community and the infra community to decide which solutions are potentially useful, although we encourage a longer-term view rather than trying to resolve just an immediately foreseen problem.
 Prevailing status report
Forecast report


Previous discussion and interest from various members of the infra community have helped down-select to the following types of assistance information from the UE:
1. Prevailing power class information. We do not think a single bit is sufficient to convey PC fallback due to 2 stage fallback of some UE power classes.
2. P-MPR. This avenue is low-overhead due to precedent in FR2.
3. Forecast information: Duration of time that the UE can sustain UL at a previously or concurrently reported PCmax.
For this kind of optional assistance information that does not impact other UEs, we do not think it is necessary for all companies to agree on any one method. Multiple can be supported so there can be implementation diversity of any scheduling enhancements at the network side.
Proposal 1: RAN4 to identify assistance information that UE can provide pertaining to carrier(s) configured for UL from the following list:
1. Prevailing power class information. 
2. P-MPR for FR1 carriers.
3. Forecast of UL ability: for example: duration a UE can sustain UL at a previously or concurrently reported PCmax (no duty cycle dependence)
For carrier(s) configured for DL but not UL
Also feasible is a second class of UE assistance that can convey to the network the theoretical UL power capability in bands that are configured for DL but not UL. The utility of this type of information can be analyzed by first recognizing that from the UE’s perspective, there are at least 3 time scales relevant to this context:
1. Short term --- slot to slot. Example:
a. DL/UL grant decisions, tx power per grant, etc
2. Medium term --- 100s to 1000s of slots. Examples:
a. UE antenna selection, power availability per CC
b. BWP switching, carrier switching, Pcell/Scell swap, 
3. Long term --- seconds or longer. Example:
a. RRC reconfig, DSDA operations, inter-RAT operations, etc
The medium term time scale emerges as the time scale of interest from a real-time exposure management perspective:
· Exposure management cannot run slower due to the time scale of exposure regulation without having to resort to very conservative decisions on energy avialability per transmitter (a sub-optimal solution for UL)
· Exposure management cannot run more quickly otherwise it can start interacting with system power control loops and link adaptation. 
For the UE to ensure some constancy of behavior over the medium term (i.e. no sudden changes in ability to transmit in the short term), a competitive UE must commit ahead of time the exposure budgets for multiple transmitters over the medium term time scale depending on foreseen UL. A potential problem area that has come to light is if the network also makes parallel decisions in the same time scale (medium term) to re-allocate UL from one band to another. The band combination where this was observed is not relevant in this case, because the mechanism is agnostic of the bands in the combination, but is sensitive to the power classes of the combinaton. This problem will become more and more pervalent with any 23+26 DC combinations, especially for UEs that also leverages the Rel-17 capability ‘higherPowerLimit-r17’. Future 26+26 CA combinations when defined will also be susceptible to this type of problem.
Observation 1: There is a need to harmonize UE and network behavior in the time scale of hundreds to thousands of slots in order to better navigate exposure related issues in real time for UEs transmitting in multiple RATs.
Another aspect is user-blockage from hand hold. While UE designs go to great lengths to minimize user blockage, it is impossible to preclude this condition. With multiple antennas serving multiple bands in different combinations, different UL band combinations have different exposure rates, given equal transmitted energy. This information cannot be known to the network today, it is private to the UE. 
Observation 2: The network cannot determine from sounding or downlink measurement reports, what band or band combination is optimal for UL from each UE from a blockage or exposure prespective.
The overall goal for the information exchange between the UE and gNB would therefore focus on some useful subset of the following categories:
· increasing awareness of power or energy budget available at the UE for each carrier/band (even if not currently configured for UL)
· conveying information on bands experiencing challenging RF exposure conditions
· aiding the selection of the best band combination for UL CA/DC, and
· aiding scheduling policy when UE is configured with multiple bands in UL CA, for e.g., selecting preferred carrier for servicing uplink, or adaptive load sharing across carriers.
Note that SRS type sounding cannot convey information pertaining to the time scale of interest (medium term), they only convey information for the short time scale.
The discussion above identifies an RF problem (motivated by RF exposure), but RAN4 may not be the best place to devise an optimal signaling solution. Moreover, the actual signaling design is better discussed in a system design context rather than a RAN4 context.
Proposal 2: If RAN4 finds it beneficial to pursue assistance information from the UE regarding potential UL on DL-only carriers,  it is sufficient to identify this avenue to RAN1, rather than recommend a solution.
Conclusions
Proposal 1: RAN4 to identify assistance information that a UE can provide pertaining to carrier(s) configured for UL from the following list:
1. Prevailing power class information. 
2. P-MPR for FR1 carriers.
3. Forecast of UL ability: for example: duration a UE can sustain UL at a previously or concurrently reported PCmax (no duty cycle dependence)
Observation 1: There is a need to harmonize UE and network behavior in the time scale of hundreds to thousands of slots in order to better navigate exposure related issues in real time for UEs transmitting in multiple RATs.
Observation 2: The network cannot determine from sounding or downlink measurement reports, what band or band combination is optimal for UL from each UE from a blockage or exposure prespective.
Proposal 2: If RAN4 finds it beneficial to pursue assistance information from the UE regarding potential UL on DL-only carriers,  it is sufficient to identify this avenue to RAN1, rather than recommend a solution.
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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 sustained transmission at duty-cycle capability and last reported Pcmax 
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