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Introduction
Since last year, RAN4 has been discussing enhanced solutions to avoid potential radio link failures (RLFs) and connection releases in Rel-16 [1-5]. We agreed to focus on a signaling-based solution that will indicate P-MPR to the network [5-7]. 

RAN4 #93 agreements [6]:
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During our last meeting [8], we agreed that a fast emergency signal would not be needed. Additionally, the report configuration was approved to be at least event-triggered, with periodic reporting left for further discussion. The triggering conditions are also FFS. Lastly, the values and granularity of P-MPR were narrowed to three options. Part of the WF content is captured below.

RAN4 #94e [8]:
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As we still have to address several open issues to finalize the enhanced solution, in this paper we present our views of the remaining items.


Discussion
Remaining issues
While discussions on the content of the report have progressed [6-8], the value, range, and granularity of the reported parameters, report configuration, triggering conditions, and UE behavior need further discussion.  In the upcoming sections we will address these issues, starting with P-MPR reporting.

P-MPR reporting: values
In our last RAN4 meeting we narrowed the proposed options for P-MPR granularity as follows [8]:
· Option A: Range from 1dB to [20, 31] dB, with 5 bits (up to 32 values), 1dB step
· Option B: Range from 1dB to [>10] dB, with 2 bits (4 values); e.g. {1-3. 4-6, 7-9, >=10}
· Option C: Compromise between Option A and Option B; e.g. shown below:
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As of now, we have to assume the network will decide what action to take based mainly on the reported P-MPR. Using just 2 bits implies having ranges for reported P-MPR only, indicating that the network will not know the exact value of P-MPR. This increases the uncertainty of any estimation the network does, including the UL duty cycle. Thus, a higher granularity is preferred, particularly for 1 to 10 dB P-MPR values (where a change in UL duty cycle can have the most impact). Option A and Option C provide sufficient granularity, but since all 32 values may not be needed, our preference is Option C (but are ok with Option A as well). However, we think it is best to further discuss the ranges established after 10dB P-MPR in Option C (we may not need to capture P-MPR in detail above 20 or 25 dB).

Observation 1: With 2 bits, the reported P-MPR will have ranges of values only and means the network will not know the exact value of P-MPR. This impacts any estimation gNB makes (including UL duty cycle) and the actions it may take based on this information.

Proposal 1: Use Option C (4 bits) for P-MPR granularity. The specific values, particularly after 10dB P-MPR, can be further discussed.

P-MPR reporting: report before or after it is applied
Since our main goal is to optimize performance by minimizing potential link failures, it is ideal to use a preemptive approach where the UE reports the P-MPR it will tentatively take before it has taken it. This preemptive approach benefits from periodic reporting since we can use a small periodic timer (ms range) to update P-MPR status because of the considerably larger averaging periods in MPE (2 to 4 seconds). While future P-MPR values cannot be fully predicted, with periodic updates the UE’s status will be better understood by the network when it configures the scheduling.

Observation 2: A preemptive approach allowing P-MPR to be reported before the UE has taken it is preferred. To enable this, a prohibit timer may be needed.

Report configuration and triggering conditions
The current report configuration agreements stipulate that the report will be at least triggered, with benefits of periodic reporting left for further discussion. As noted in the previous section, periodic reporting can help illustrate the current status of the UE and minimizes the likelihood of a link failure. Because of this, it makes sense to have reporting be both periodic and event-driven. We can include a periodic timer expiration as one of the triggering events. This is the same approach used in PHR [9] and it is best to have these align (PHR information is relevant to our report). In fact, if we define the periodic timer exactly as PHR does, then it can be configured to be optional by choosing infinity as its value. 

Observation 3: Because periodic reporting can help mitigate the risk of potential link failures, reporting should be both event-driven and periodic (with the necessary configurable parameters). This ensures alignment with PHR.

Proposal 2: As with PHR, the report is both event-driven and periodic. The periodic timer value can be configured to infinity, making periodic reporting optional.

Dynamic duty cycle
The need for additional parameters in the report, such as a dynamic or preferred duty cycle, was left to be further discussed. Including a dynamic duty cycle is useful as it can prevent unnecessarily restricting the UL duty cycle (static), and may reduce the back off taken by the UE. Reporting a duty cycle preference, along with P-MPR, and PHR provides gNB the necessary information to best determine what action to take to prevent potential link failures.

If there is sufficient granularity for the reported P-MPR, then the network can more precisely deduce the necessary adjustment in UL duty cycle, and reporting a dynamic duty cycle may not be needed. However, if the agreed P-MPR values are only based on ranges, then it would be best to also report the desired dynamic duty cycle. 

Observation 4: While gNB can deduce how to modify the UL duty cycle value based on the reported P-MPR and PHR information, if there is not sufficient granularity for P-MPR, the estimation will be impacted. In this case, reporting a dynamic duty cycle will ensure the network knows what assistance is needed.

Proposal 3: If P-MPR granularity is less than 4-bits (particularly for 1-10dB P-MPR), a dynamic duty cycle should be reported to reduce estimation uncertainty in the value.

Reference Pcmax
A reference power, in addition to the reported P-MPR, allows gNB to estimate how to modify the scheduling. Most companies agree that this reference power should be based on information already available in the PHR (e.g. Pcmax, or 0 dB PHR). Pcmax as a reference value is not the same as the “reference Pcmax” proposed in [10]. Understandably, this caused confusion in our last meeting [11]. 

The “reference Pcmax” defined in [10] does not include MPR, AMPR, or P-MPR. It is proposed to use this “reference Pcmax” along with the current Pcmax and P-bit to calculate P-MPR. RAN4 already agreed to explicitly report P-MPR [6,8], thus it is unnecessarily convoluted to introduce a new UE capability for “reference Pcmax” and then use it along with Pcmax and P-bit to determine P-MPR.

Observation 5: RAN4 has already agreed to report P-MPR. Introducing a UE capability for “reference Pcmax”, to then use that to calculate P-MPR is unnecessary.

In the dynamic duty cycle discussions, we agreed that if it is introduced, the calculation will be based on a reference power of 0 dB PHR. If a reference power is needed for any calculation, we can align to use 0 dB PHR or Pcmax. Because of this, we assume and want PHR information reported along with P-MPR. However, we note that no agreements have captured whether this information will be included.

Proposal 4: There is no need to define the “reference Pcmax” proposed in [10]. For any power references needed, RAN4 may use either the current Pcmax, or 0 dB PHR.

Observation 6: RAN4 should clarify what PHR information will be reported with P-MPR. 

UE behavior
Debate on whether it is appropriate to include the following statement [8] in the specs is still ongoing:
“It is a common understanding that the P-MPR applied by UE is expected to be reduced when the UL duty cycle scheduled by NW is reduced and all other conditions are unchanged”.

While it is understood that the amount of back-off power needed by a UE will be reduced when the UL duty cycle scheduled by gNB is reduced, this fact is only true if all variables impacting current conditions remain unchanged. Additionally, gNB may choose to address the potential link failure risk another way. Since it may be difficult to ensure all potential variables are accounted for, it may be best not to include this in the specifications. Furthermore, as this behavior is contingent upon the entire environment remaining unchanged and thus cannot be guaranteed, we fail to see why it needs to be captured in the specs.

Observation 7: Described common understanding of UE behavior requires all other potential variables to remain unchanged. Capturing all of these details in the specifications will be difficult, especially without also describing all the potential network actions.

Conclusions
In this contribution we discussed the remaining issues RAN4 needs to address to complete the Rel-16 enhanced signaling-based solution. The following observations and proposals were made:

P-MPR reporting: value
Observation 1: With 2 bits, the reported P-MPR will have ranges of values only and means the network will not know the exact value of P-MPR. This impacts any estimation gNB makes (including UL duty cycle) and the actions it may take based on this information.

Proposal 1: Use Option C (4 bits) for P-MPR granularity. The specific values, particularly after 10dB P-MPR, can be further discussed.

P-MPR reporting: before or after
Observation 2: A preemptive approach allowing P-MPR to be reported before the UE has taken it is preferred. To enable this, a prohibit timer may be needed.

Periodic reporting
Observation 3: Because periodic reporting can help mitigate the risk of potential link failures, reporting should be both event-driven and periodic (with the necessary configurable parameters). This ensures alignment with PHR.

Proposal 2: As with PHR, the report is both event-driven and periodic. The periodic timer value can be configured to infinity, making periodic reporting optional.

Dynamic UL duty cycle
Observation 4: While gNB can deduce how to modify the UL duty cycle value based on the reported P-MPR and PHR information, if there is not sufficient granularity for P-MPR, the estimation will be impacted. In this case, reporting a dynamic duty cycle will ensure the network knows what assistance is needed.

Proposal 3: If P-MPR granularity is less than 4-bits (particularly for 1-10dB P-MPR), a dynamic duty cycle should be reported to reduce estimation uncertainty in the value.

Reference Pcmax
Observation 5: RAN4 has already agreed to report P-MPR. Introducing a UE capability for “reference Pcmax”, to then use that to calculate P-MPR is unnecessary.

Proposal 4: There is no need to define the “reference Pcmax” proposed in [10]. For any power references needed, RAN4 may use either the current Pcmax, or 0 dB PHR.

Observation 6: RAN4 should clarify what PHR information will be reported with P-MPR.

UE behavior
Observation 7: Described common understanding of UE behavior requires all other potential variables to remain unchanged. Capturing all of these details in the specifications will be difficult, especially without also describing all the potential network actions.
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PMPR reporting: values

* Five options have been provided in this meeting and merged
into two options in RAN4#94e. Further down selection is
needed between following two options and focus on the
PMPR values that is needed to solve RLF issue.

* Option A: Range from 1dB to [20, 31]dB, with 5 bits (up to 32
values), 1dB step;

* Option B: Range from 1dB to [>10]dB, with 2 bits (4 values) like {1~3,
4~6,7~9, >=10} or {1~5, 6~8, 9~11, >=12};
* Or Compromise between Option A and B e.g. as shown in the table:
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PMPR reporting: Periodic or triggered report

* Triggered reporting is agreed to be introduced.
* A prohibit timer configured by NW to trigger the PMPR reporting will be introduced.
* PMPR reporting threshold is a NW configurable value.

* Further down selection of PMPR reporting trigger condition between following two
options is needed from solving RLF perspective
* Option A: P-MPR is higher than a configurable threshold
* Option B: P-MPR changes comparing to last report is higher than a configurable threshold

* No conclusions has been reached on introducing periodic reporting. More
clarifications about the additional benefits is needed.

* If periodic reporting is agreed to be introduced, then PHR reporting period can be
reused, i.e. {sf10, sf20, sf50, sf100, sf200, sf500, sf1000, and infinity}.

* Further discussion on the proposal to include P-MPR reporting in the same MAC-CE
as PHR and reuse/share same trigger conditions of PHR which are currently defined
in TS 38.321 section 5.4.6 and include both Periodic and triggered report reporting.
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* RAN2 based signaling solutions are sufficiently fast for the FR2 MPE purposes
* RAN4 shall request RAN2 to develop signaling for FR2 MPE purposes with the following assumptions;
¢ RAN4 understands MAC-CE is suitable method
* MPE event related assistance Information provided by the UE to the network
* P-MPR s indicated to the network and is agreed in RAN4#93 and-tS-issentto-RANZ-fromRAN4H#I3

* Dynamic duty cycle will be further discussed in RAN4#94 and-ifagreed-by-RANA-then RANZ willbe
informed

* Single entry PHR will be further discussed in RAN4 #94
* Report should be configurable as periodic, or event triggered. Configurable periods and trigger conditions
are FFS
* RAN4 will send LS to RAN2 in RAN4 #93 to inform RAN2 that MAC-CE signaling may be required for MPE
solutions. RAN4 will inform RAN2 on the complete solution in RAN4 #94
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* Five options have been provided in this meeting and merged
into two options in RAN4#94e. Further down selection is
needed between following two options and focus on the
PMPR values that is needed to solve RLF issue.

* Option A: Range from 1dB to [20, 31]dB, with 5 bits (up to 32
values), 1dB step;

* Option B: Range from 1dB to [>10]dB, with 2 bits (4 values) like {1~3,
4~6,7~9, >=10} or {1~5, 6~8, 9~11, >=12};
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PMPR reporting: Periodic or triggered report

* Triggered reporting is agreed to be introduced.
* A prohibit timer configured by NW to trigger the PMPR reporting will be introduced.
* PMPR reporting threshold is a NW configurable value.

* Further down selection of PMPR reporting trigger condition between following two
options is needed from solving RLF perspective
* Option A: P-MPR is higher than a configurable threshold
* Option B: P-MPR changes comparing to last report is higher than a configurable threshold

* No conclusions has been reached on introducing periodic reporting. More
clarifications about the additional benefits is needed.

* If periodic reporting is agreed to be introduced, then PHR reporting period can be
reused, i.e. {sf10, sf20, sf50, sf100, sf200, sf500, sf1000, and infinity}.

* Further discussion on the proposal to include P-MPR reporting in the same MAC-CE
as PHR and reuse/share same trigger conditions of PHR which are currently defined
in TS 38.321 section 5.4.6 and include both Periodic and triggered report reporting.





