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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN4#94B-e, extensive discussions about how to signal P-MPR for MPE led to WF [1] and LS [2]. While there are some open issues to resolve, the basic framework for P-MPR reporting is in place. This contribution provides proposals to address several open issues.
Discussion
Background
The key parts of LS [2] are listed below. Yellow highlighting indicates some of the open issues.
· [bookmark: _Hlk40193239]Network configured threshold for event-triggered FR2 MPE P-MPR reporting is defined based P-MPR being higher than a configurable threshold. Whether an additionally relative threshold will be defined is still under discussion in RAN4 and RAN4 will inform RAN2 the outcome in the following meeting
· P-MPR reporting range and reporting granularity will be defined in the next RAN4 meeting using [2…5] bits. RAN4 will inform RAN2 the exact reporting range and reporting granularity in its next meeting. 
· P-MPR is reported by the UE after or on the grant and the exact details are up to UE implementation. 
Note key parts from an earlier earlier LS [3] (RAN4#94) stated
· at least UE’s P-MPR based event-triggered reporting including also reporting of the actual P-MPR level that UE needs for FR2 MPE reasons. 
· Network configurable P-MPR reporting threshold 
· A prohibit timer is enabled to be configured by network to trigger the P-MPR reporting
· P-MPR reporting range and reporting granularity are still under discussion in RAN4.
In addition to agreements captured in the LS [2], the WF [1] lists other topics
· Periodic reporting: Regarding “Whether periodic reporting is needed”,
· Option 1: No, only event triggered reporting is enough
· Option 2: Yes both are needed
Based on past contributions, many companies prefer an extension to the PHR MAC CE (report) for enhanced P-MPR support while other companies prefer a creation of a new MAC CE, should it necessitate due to reporting granularity. This contribution examines the open issues listed above and considers the impact of UE and network behavior for extended PHR report/new MAC CE.
Relative threshold and periodic/non-periodic reporting
With the agreement of the trigger based on a P-MPR value being greater than a network configurable value X (“absolute trigger”), one question is whether a trigger based on a relative change of the P-MPR value exceeding a (possibly different) network configurable value, Y (“relative trigger”).
The absolute trigger is appropriate for a sudden change in the P-MPR value (low vs high). Under the current design, reports are sent when the conditions for the absolute trigger remain valid. With the relative trigger, small changes in P-MPR can be tracked as well as large sudden changes. As an example, the P-MPR is shown in Fig. 1 with P-MPR reports generated when the X threshold is 10 dB for the absolute trigger and when the Y threshold is 3 dB for the relative trigger. The vertical bars indicate when a report is generated. The figure on left illustrates whenever the P-MPR is above 10 dB, a report is triggered, while no report is generated otherwise. With a relative trigger, reports can be generated when the P-MPR values below 10 dB, as seen on the right.
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[bookmark: _Ref40387030]Fig. 1. Example of when trigger reports are generated by changes in P-MPR values.
As the figure shows, reporting due to a relative trigger could complement the reports generated due to the absolute trigger. Their combination can provide the network a snapshot of how the P-MPR values change on a small and large scale. While not plotted, periodic reporting also can complement the reporting due to the absolute trigger. Note, if the periodicity is large, a small relative change in the P-MPR value may not be observed immediately.
The following table compares the reporting for combinations of absolute trigger, relative trigger, and periodic reporting.
[bookmark: _Ref40354703]Table 1. Tracking the P-MPR value with triggering and periodic reporting
	Absolute trigger
	Relative trigger
	Periodic reporting
	Impact (assuming absolute trigger > relative trigger)

	On
	
	
	The network informed of P-MPR values while the absolute trigger is active. However, the network may not be able to track changes in the P-MPR value below the absolute threshold.

	On
	On
	
	The network informed when either trigger is activated, and the network knows the P-MPR value. The network may not know small changes in the P-MPR value (below the relative trigger).

	On
	
	On
	The network informed of P-MPR values while the absolute trigger is active. The network knows the P-MPR value due to the periodic timer.

	On
	On
	On
	The network informed when either trigger is activated, and the network knows the P-MPR value due to the periodic timer. 



Thus, if periodic reporting were frequent enough, then a relative threshold trigger may not be necessary. Likewise, with both triggers activated, it may not be necessary to use periodic reporting. A network can balance the rate of reporting by adjusting the thresholds and periodicity. 
One issue identified in the moderator summary [5] was possible persistent triggering: ‘To our understanding, the “higher than threshold” means if P-MPR is 4 dB and threshold was 3 dB UE reports P-MPR but if it remains at 4 dB, UE keeps reporting.’ This concern is valid when the prohibit-timer is small and the P-MPR value does not change. If the P-MPR changes, the persistent reporting is helpful. Note it may be possible to disallow persistent triggering due to a “higher than threshold” event if either relative triggering or periodic reporting is used.
Whether relative thresholds and periodic reporting are defined can be answered if the PHR MAC CE is extended, as described below.
Extending the PHR MAC CE
In subclause 5.4.6 of 38.321, the procedures for a UE to send the PHR according to three parameters: phr-PeriodicTimer, phr-ProhibitTimer, and phr-Tx-PowerFactorChange. A summary of the relationship among the parameters is presented in Table 1. 
[bookmark: _Ref40185455]Table 2. Triggers for the PHR report
	Condition 1
	Primary Condition 2
	Relationship to P-MPR
	Values (from 38.331)

	phr-ProhibitTimer expires
	the path loss has changed more than phr-Tx-PowerFactorChange dB since the last transmission of a PHR
	None
	Threshold: 1, 3, 6, ∞

	phr-PeriodicTimer
	None
	None
	# subframes: 10, 20, 50, 100, 200, 500, 1000, ∞

	phr-ProhibitTimer expires
	the required power backoff due to power management (as allowed by P-MPRc as specified in TS 38.101-1 [14], TS 38.101-2 [15], and TS 38.101-3 [16]) for this cell has changed more than phr-Tx-PowerFactorChange dB since the last transmission of a PHR
	P-MPR is the cause for the PHR report
	Timer:
# subframes: 0, 10, 20, 50, 100, 200, 500, 1000



The last row is a relative trigger for P-MPR, as many companies have noted. It was introduced in Rel 10 of LTE and is carried to NR. Likewise, the periodic timer is available. Many companies also favor reusing the periodic timer values. With existing procedures for the PHR, two issues can be defined and supported. 
Observation 1: A benefit of extending the PHR report is the existing PHR procedures support periodic reporting and relative level triggers
One minor improvement can be made. In the last row, the condition for reporting a PHR report due to an MPE event uses the same threshold value as the trigger for generating a PHR report resulting from changes in the path loss, even though path loss changes and MPE events are independent. It is possible to decouple the shared threshold by introducing a new relative threshold dedicated for MPE events. This new threshold could then be related to the reporting granularity.
The last observation is regarding the timer values. In order to determine whether an MPE event occurs, a UE typically evaluates several seconds worth of measurements. However, once an MPE event is declared by the UE, both the UE and network responses must be relatively immediate. With the current sets of timer values for both the periodic and prohibit timers, the sets are adequate for the P-MPR reporting for network operation.
New MAC CE
If a new MAC CE is suggested, then RAN4 will need to decide to define periodic timer and relative trigger. Based on discussion above, having either one is acceptable.
Reporting granularity
Another issue is finalizing the number of bits to represent the P-MPR value. The current agreement for the size is between 2 and 5 bits. Some proponents of 2 bits consider the usage of the reserved bits of the PHR MAC CE. Note it is not guaranteed that RAN2 will use the reserved bits. Other proponents favor more resolution to support network management. This approach can be used for both the extended PHR MAC CE or a new MAC CE.
Regardless of the resolution, the thresholds should be related to the reporting granularity. For example, assume the set of possible values for the threshold is (3, 6, 9, 12, …, 30) dB and the reported P-MPR value is chosen from a set of values (0, 5, 10, ≥15) dB. When the network receives a P-MPR value of 10 dB and the threshold is 6 dB, the network can estimate the P-MPR is at least 7 dB and at most 10 dB. The ambiguity may affect how the network manages the UE, such as a duty cycle reduction to 25% or 12.5%.
Observation 2: The P-MPR reporting range and reporting granularity should be related to the threshold values.
P field observation
With a recent RAN2 CR [4], both PHR reports (Single Entry PHR MAC CE and Multiple Entry PHR MAC CE) now support the “P field”. 
-	P: This field indicates whether the MAC entity applies power backoff due to power management (as allowed by P-MPRc as specified in TS 38.101-1 [14], TS 38.101-2 [15], and TS 38.101-3 [16]). The MAC entity shall set the P field to 1 if the corresponding PCMAX,f,c field would have had a different value if no power backoff due to power management had been applied;
The P field signifies a P-MPR event. When the network receives a PHR report, it knows the reason for the triggered report as well as an indication of change in the MPE condition. 
If the decision is to extend the PHR report with a P-MPR value, the PHR report would have two items of information regarding P-MPR: the P field and (a representation of) the actual value. In this case, the meaning of the P field is unclear since the actual value provides more information to the network. 
Observation 3: With a value of the P-MPR reported in an extended PHR report, it may be unclear how to interpret the P field.
Network operation
In 38.101-2 subclause 6.2.4, the UE adjusts its transmit power according to two sets of equations:
The configured UE maximum output power PCMAX,f,c for carrier f of a serving cell c shall be set such that the corresponding measured peak EIRP PUMAX,f,c is within the following bounds
PPowerclass – MAX(MAX(MPRf,c, A- MPRf,c,) + ΔMBP,n, P-MPRf,c) – MAX{T(MAX(MPRf,c, A- MPRf,c,)), T(P-MPRf,c)} ≤ PUMAX,f,c ≤ EIRPmax
while the corresponding measured total radiated power PTMAX,f,c is bounded by
PTMAX,f,c ≤ TRPmax
The MAC CE reports
-	Power Headroom (PH): This field indicates the power headroom level. The length of the field is 6 bits. The reported PH and the corresponding power headroom levels are shown in Table 6.1.3.8-1 below (the corresponding measured values in dB are specified in TS 38.133 [11]);
-	PCMAX,f,c: This field indicates the PCMAX,f,c (as specified in TS 38.213 [6]) used for calculation of the preceding PH field. The reported PCMAX,f,c and the corresponding nominal UE transmit power levels are shown in Table 6.1.3.8-2 (the corresponding measured values in dBm are specified in TS 38.133 [11]).
Several companies provided examples how the headroom, PCMAX, the P-MPR values and (A-)MPR values are used to possibly change a duty cycle for the UE and other possible network behaviors, such as handovers to different carriers or switching to other beams. 
With an extended PHR report, all the information about the power is contained in one spot. If a separate report is used for the P-MPR value, the network would have to combine information for the PHR report. Given that the timer events for both the P-MPR and PHR reports are asynchronous, the values in the PHR report may be dated. As a result, the network has an incomplete picture of the UE state.
Observation 4: Having the P-MPR value in the PHR report allows the network to examine the state of transmit power accurately.
Analysis
Based on the observations that open issues of defining relative triggers and defining periodic reporting are allowed using the framework of the PHR procedure, one conclusion is to extend the PHR framework for P-MPR reporting. Furthermore, with the PHR and the P-MPR reported together, the network has all related information for managing MPE compared to combining different MAC CE and aligning the CEs in time.
Proposal: A LS is sent to RAN2 requesting the extension of the PHR report for P-MPR reporting.
The contents of the LS could include a new P-MPR-specific relative trigger parameter to replace the phr-Tx-PowerFactorChange threshold used to generate a PHR report due to changes in the P-MPR.

[bookmark: _Ref129681832][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
Several observations regarding some open issues and network management are presented based on whether the PHR report and procedures are extended for MPE events.
Observation 1: A benefit of extending the PHR report is the existing PHR procedures support periodic reporting and relative level triggers
Observation 2: The P-MPR reporting range and reporting granularity should be related to the threshold values.
Observation 3: With a value of the P-MPR reported in an extended PHR report, it may be unclear how to interpret the P field.
Observation 4: Having the P-MPR value in the PHR report allows the network to examine the state of transmit power accurately.
These observations lead to the following proposal.
Proposal: A LS is sent to RAN2 requesting the extension of the PHR report for P-MPR reporting.
The contents of the LS could include a new P-MPR-specific relative trigger parameter to replace the phr-Tx-PowerFactorChange threshold used to generate a PHR report due to changes in the P-MPR.

References
[bookmark: _Ref23323183][bookmark: _Ref29298392][bookmark: _Hlk37328982]R4-2005734, “WF on MPE enhancements”, OPPO, RAN4#94Bis, Apr. 20-30, 2020.
[bookmark: _Ref40162996]R4-2005670, “LS on MPE enhancements”, Nokia, Nokia Shanghai Bell, RAN4#94Bis, Apr. 20-30, 2020.
[bookmark: _Ref40171614]R4-2002916, “LS on MPE enhancements”, Nokia, Nokia Shanghai Bell, RAN4#94, Feb. 24 – Mar. 6, 2020.
[bookmark: _Ref40173820]R2-2003010, “P bit for Single Entry PHR”, Nokia, Nokia Shanghai Bell, Apple, Ericsson, Lenovo, NTT DOCOMO, INC., RAN2#109bis, Apr. 20-30, 2020.
[bookmark: _Ref40251398]R4-2005700, “Email discussion summary for [94e Bis] [17] NR_RF_FR2_req_enh_Part_1”, Moderator (OPPO), Apr. 20-30, 2020.

Reports generated with absolute threshold

Report Abs Trigger	0	0	0	0	0	0	0	0	0	0	0	0	0	1	1	1	1	1	1	1	1	1	1	1	0	0	0	0	0	0	0	0	0	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	Report Rel. Trigger	0	0	0	0	0	0	1	0	0	1	0	0	0	0	0	1	0	0	1	0	0	1	0	0	1	0	0	0	1	0	0	0	0	P-MPR	0	0	0	3	3	3	4	4	4	8	8	8	8	11	11	12	12	12	19	19	19	14	14	14	9	9	9	9	0	0	0	0	0	P-MPR, dB




Reports generated with relative threshold
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