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1 Introduction
The work item on NR RF Requirement Enhancements for FR2 agreed in [1] includes an objective to avoid RLFs or Connection Release caused by applying large P-MPR due to exposure compliance in FR2:
· Enhancements methods for avoiding radio link failures and connection releases due to significant and unpredictable UE P-MPRs due to the FR2 UE RF exposure compliance reasons [RAN4, RAN1, RAN2]

· This work is started after RAN#84 when the Rel-15 requirements are completed

· RAN4 will provide further details on the RAN4 agreed solution(s) to RAN1/RAN2 before RAN1/RAN2 start their work if RAN1/RAN2 help is needed. 

· This objective does not aim to propose the same alternatives which were not agreed (i.e. Alt1, Alt2 and Alt3 not agreed in RAN1#98 under Rel-16 NR eMIMO work item)

In FR2, there are requirements for maximum permitted exposure (MPE), whereby the UE measures its average energy level over a period.
Currently the UEs may signal maxUplinkDutyCycle-FR2 as a capability. However, the gNB is not bounded by any rules to respect this limit, since the MPE limit can be exceeded at different power levels, being computed as an averaged power density over a certain period. The only method used today is P-MPR and this can be quite drastic, leading to possible loss of UL connection and thus followed by a Connection Release.

Secondly, the P-MPR is really hard to determine in FR2 from Pcmax and PHR, due to the Pcmax and Power Class definition nature. 
To avoid RLF or Connection Release, , RAN4 agreed for means for the UE to timely report the P-MPR value to the gNB using a MAC CE. Further information, like dynamic duty cycle related measurements is still under discussion.
For such MPE mitigation, RAN4 has agreed to the following in RAN4#93:

· 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 is indicated to the network and is agreed in RAN4#93 

· Dynamic duty cycle will be further discussed in RAN4#94 

· 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 

RAN4 has consequently sent an LS to RAN2 in [2], asking RAN2 to design a MAC CE to timely report MPE-related measurements. MPE reporting methods agreed by RAN4 are summarized in [3]. Further details of a complete solution are expected to be provided to RAN2 in RAN4#94-e.
2 Discussion
To mitigate the MPE effects, the UE may either rely on a preemptive or a reactive approach. 
For a preemptive approach, the UE timely reports its measured MPE related headroom the gNB, ideally before reaching the MPE limit. The UE’s power exposure level is an averaged power density measurement over a certain period. Figure 1 illustrates how the same MPE limit can be met at different power levels as in the same period. In this example, the power density in measurement Cycle 1 is spread by a factor of two in measurement Cycle 2. 
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Figure 1: Example of the same MPE limit reached over two cycles of the same period


Energy exposure is measured over all the UL transmissions in a cell group, including all serving cells in the cell group. All transmissions over all active serving cells in the cell group should therefore be considered when averaging measurements in the period. All uplink cells in a group rely on the same scheduler entity (e.g. the MgNB or the SgNB), and thus share the same RF front end in the operating frequency band. The UE shall therefore report MPE-related measurements per MAC entity. A single-entry energy headroom MAC-CE report per cell group is thus sufficient for MPE reporting. P-MPR is indicated to the gNB as an absolute value (e.g in dB).
Proposal 1: 
A single-entry Energy Headroom MAC CE is introduced to report MPE-related measurements over all active serving cells of the MAC entity.
RAN4 has agreed that the MPE report shall be configurable as periodic or event triggered, with period values FFS. Annexes A and B illustrate how to capture energy headroom reporting in TS 38.321 and TS 38.331. Given RAN4 is expected to provide details of the complete solution by RAN4#94 and given MPE mitigation must be handled for R16, we propose to discuss and carry remaining L2/3 details of the reporting solution in an email discussion.

Proposal 2: 
L2/3 details of MPE-related measurement reporting to be addressed by an email discussion.
3 Conclusion

RAN2 should discuss the above and agree to the following:

Proposal 1: 
A single-entry Energy Headroom MAC CE is introduced to report MPE-related measurements over all active serving cells of the MAC entity.
Proposal 2: 
L2/3 details of MPE-related measurement reporting to be addressed by an email discussion.
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Appendix A: Energy headroom reporting impact on TS 38.331
The following 38.331 parameters are proposed as an example for energy headroom (EHR) report configuration:

The IE EHR-Config is used to configure parameters for energy headroom reporting.

EHR-Config information element

-- ASN1START

-- TAG-EHR-CONFIG-START

EHR-Config ::=                      SEQUENCE {

    ehr-PeriodicTimer                   ENUMERATED {sf50, sf100,sf200, sf400, 











sf600, sf800, sf900, infinity},

    ehr-ProhibitTimer                   ENUMERATED {sf50, sf100,sf200, sf400, 











sf600, sf800, sf900, sf1000},

    ehr-threshold            


ENUMERATED {sf0, sf5, sf10, sf20, sf25, sf30}, 

    ehr-ModeOtherCG                     ENUMERATED {real, virtual},

    ...

}

-- TAG-EHR-CONFIG-STOP

-- ASN1STOP

	EHR-Config field descriptions

	ehr-PeriodicTimer
Value in number of subframes for EHR reporting as specified in TS 38.321 [3]. Value sf100 corresponds to 100 ms, and so on.

	ehr-ProhibitTimer
Value in number of subframes for EHR reporting as specified in TS 38.321 [3]. Value sf100 corresponds to 100 subframes, and so on.

	ehr-threshold            

Value in number in percentage for EHR reporting as specified in TS 38.321 [3]. Value sf0 corresponds to 0% energy headroom, value sf5 corresponds to 5% energy headroom, value sf15 corresponds to 15% energy headroom, and so on.

	ehr-ModeOtherCG
If the UE is configured with only one cell group (no DC), it ignores the field. If DC is configured, one EHR per CG is configured.


Appendix B: Energy headroom reporting impact on TS 38.321
The impact on TS 38.321 consists of the introduction an EHR MAC CE and the corresponding reporting procedure. An indicated P-MPR value can have a 32 dB range (5 bits) or 63dB (6bits). The MAC CE can be designed similar to the single-entry PHR MAC CE. For example:

a.b.c
Energy Headroom Reporting

The Energy Headroom reporting procedure is maintained per MAC entity and includes the following information:
-
energy headroom: energy headroom report for Uplink transmissions evaluated over the configured period. For an aperiodically triggered report, a minimum period is assumed for averaging energy measurements.
-
power reduction: P-MPR report for Uplink transmissions in a CG.

RRC controls Energy Headroom reporting by configuring the following parameters:

-
ehr-PeriodicTimer;

-
ehr-ProhibitTimer;

-
ehr-ModeOtherCG;

-
ehr-threshold;            

An Energy Headroom Report (EHR) shall be triggered if the UE requires MPE management (as allowed by TS 38.101-1 [14], TS 38.101-2 [15], and TS 38.101-3 [16]) and any of the following events occur:

-
ehr-ProhibitTimer is not running and the measured energy has exceeded ehr-threshold for at least one activated Serving Cell of any MAC entity since the last transmission of a EHR in this MAC entity when the MAC entity has UL resources for new transmission;
-
ehr-PeriodicTimer expires;

-
upon configuration or reconfiguration of the energy headroom reporting functionality by upper layers, which is not used to disable the function;

-
activation of an SCell configured in the MAC entity with configured uplink;
-
addition of the PSCell (i.e. PSCell is newly added or changed);

If the MAC entity has UL resources allocated for a new transmission, the MAC entity shall:

1>
if it is the first UL resource allocated for a new transmission since the last MAC reset:

2>
start ehr-PeriodicTimer;

1>
if the Energy Headroom reporting procedure determines that at least one EHR has been triggered and not cancelled; and

1>
if the allocated UL resources can accommodate the MAC CE for EHR which the MAC entity is configured to transmit, plus its subheader, as a result of LCP as defined in subclause 5.4.3.1:

2>
obtain the value of the EH report from the physical layer for the corresponding cell group;

2>
obtain the value for the corresponding PMP-R,cg,f field from the physical layer;

2>
instruct the Multiplexing and Assembly procedure to generate and transmit the EHR MAC CE as defined in subclause 6.1.3.x based on the values reported by the physical layer.

  2>
start or restart ehr-PeriodicTimer;

     2>
start or restart ehr-ProhibitTimer;

6.1.3.x
EHR MAC CE
The EHR MAC CE is identified by a MAC PDU subheader with LCID as specified in Table #.#.#.
It has a fixed size and consists of two octets defined as follows (figure 6.1.3.x-1):

-
R: Reserved bit, set to "0";

-
Energy Headroom (EH): This field indicates the energy headroom level. The length of the field is 6 bits. The reported EH and the corresponding energy headroom levels are shown in Table x.y.z-1 below (the corresponding measured values in dB are specified in TS 38.133);

-
PMP-R, cg: This field indicates the PMP-R, cg (as specified in TS 38.101). The reported PMP-R, cg values range are shown in Table x.y.z.2 (the corresponding measured values in dBm are specified in TS 38.133).

-
P: This field indicates whether the MAC entity will apply the estimated power back-off due to power management (as allowed by P-MPR, cg as specified in TS 38.101-1 [14], TS 38.101-2 [15], and TS 38.101-3 [16]). The MAC entity shall set P=1 when an imminent MPE event is about to happen and the corresponding reported P-MPR, cg field is the estimated power back-off to be applied after the expiration of the ehr-ProhibitTimer; 

Figure 6.1.3.x-1: EHR MAC CE
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Table 6.1.3.x-1: Energy Headroom levels for EHR

	EH
	Reported value

	0
	ENERGY_HEADROOM_0

	1
	ENERGY _HEADROOM_1

	2
	ENERGY _HEADROOM_2

	3
	ENERGY _HEADROOM_3

	…
	(

	60
	ENERGY _HEADROOM_60

	61
	ENERGY _HEADROOM_61

	62
	ENERGY _HEADROOM_62

	63
	ENERGY_HEADROOM_63


Table 6.1.3.x-2: Effective power reduction for P-MPR

	Reported value
	Measured quantity value
	Unit

	P-MPR_C_00
	PMP-R,c,f < 1
	dBm

	P-MPR_C_01
	1 ( PMP-R,c,f < 2
	dBm

	P-MPR_C_02
	2 ( PMP-R,c,f < 3
	dBm

	…
	…
	…

	P-MPR_C_30
	30 ( PMP-R,c,f < 31
	dBm

	P-MPR_C_31
	32 ( PMP-R,c,f < 33
	dBm

	PCMAX_C_32
	33  ( PMP-R,c,f
	dBm
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