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1. Introduction
This contribution discusses a pre-emptive approach solution for MPE mitigation issues in FR2.

2. Discussion
[bookmark: _Hlk20467269]RAN4 discussed lately the MPE issues related to the P-MPR UL impact that would potentially lead to RLF or Connection Releases. Following the guidance WF in [3], this contribution provides a more detailed description of the proposed solution, a latency analysis and possible specifications impact.

2.1 MPE assisted information

Contribution [2] from last meeting proposed a pre-emptive approach, whereas this contribution takes one step further and provides more details and highlights related benefits in terms of RLF mitigation.

The UEs maximum radiated power may vary and it is highly implementation specific. Thus, different UE implementations may have different MPE related limits in terms of duty cycle.

Observation 1:	The UE maximum duty cycle for FR2 for MPE compliance is UE RF implementation related.

Moreover, a 25% UL duty cycle can be equivalent to a 50% half power duty cycle in terms of averaged power density over time as in the example below:
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Observation 2:	Power averaging over time is required for a proper power density estimation for MPE compliance.

Based on the first two observations, it is proposed to use an averaged power measurement relative to the UE specific MPE limit as percentage as an exposure headroom.

Proposal 1:	Adopt averaged power measurement relative to UE MPE limit as percentage for exposure headroom.


2.2 Triggering the exposure headroom reporting

Given a pre-emptive approach, an MPE exposure headroom threshold is required to trigger the reporting process. The body proximity sensing would be the first condition to start measurements averaging evaluation by UE, and then an MPE exposure headroom threshold would trigger periodic reporting to the base station.

Proposal 2:	Support an MPE exposure headroom threshold for exposure headroom periodic reporting.

For example, we can define a set of 4 values as {0%, 5%, 10%, 20%} as a configurable threshold. 

The evaluation period for the exposure headroom can be defined as a configurable periodic reporting time.
For example, we can define a configurable subframe/slot count for the periodic reporting, using 8 values as follows:

 {sf100, sf200,sf500, sf600, sf700, sf800, sf900, infinity}

Proposal 3:	The evaluation period for the exposure headroom is a configurable, periodic reporting time.

The transmission of the P-MPR indication can be triggered when the reported exposure headroom value reaches a critical level, meaning close to 0% (no exposure headroom energy left) or even negative. The P-MPR indication signals that an imminent MPE event is about to happen while the signaled P-MPR value is the virtual required back off at the current measured averaged power level. 
The UE should apply the effective P-MPR after at least one (or a few) evaluation period(s) of time expires following the transmission of the P-MPR indication, such that the gNB may have enough time to react before the P-MPR is effectively applied. 

Proposal 4:	The UE triggers the transmission of the P-MPR indication when the exposure headroom estimation reaches 0% or exceeds the MPE limit over an evaluation period. The exposure headroom to be sent along with P-MPR estimation.

Proposal 5:	The UE effectively applies P-MPR after at least one exposure headroom evaluation period expires.

2.3 The Exposure Headroom (EH) reporting and P-MPR ranges

The exposure headroom values range is a useful information around the critical values that are around the UE MPE limit. For this reason, we believe that 64 values (6 bits) granularity going from below to - 30% to 33% and beyond would be enough. The negative values mean overshooting the UE MPE limit, while positive values mean an exposure headroom ratio.

The mapping can be as follows:

	Reported value
	Measured quantity value (%)

	EXPOSURE_HEADROOM_0
	EH  - 30

	EXPOSURE _HEADROOM_1
	-30  EH  -29

	EXPOSURE _HEADROOM_2
	-29  EH  -28

	EXPOSURE _HEADROOM_3
	-28  EH  -27

	
	

	EXPOSURE _HEADROOM_53
	23  EH  24

	EXPOSURE _HEADROOM_54
	24  EH  25

	EXPOSURE _HEADROOM_55
	25  EH  26

	EXPOSURE _HEADROOM_56
	26  EH  27

	EXPOSURE _HEADROOM_57
	27  EH  28

	EXPOSURE _HEADROOM_58
	28  EH  29

	EXPOSURE _HEADROOM_59
	29  EH  30

	EXPOSURE _HEADROOM_60
	30  EH  31

	EXPOSURE _HEADROOM_61
	31  EH  32

	EXPOSURE _HEADROOM_62
	32  EH  33

	EXPOSURE_HEADROOM_63
	EH ≥ 33




Proposal 6: Use 64 range values for exposure headroom reporting values.

For the P-MPR reporting, we believe that 32 values are a wide enough range. This reported will express the estimated power back-off that the UE is supposed taking based on the current exposure headroom measurement.

The mapping can be as follows:

	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_29
	29  PMP-R,c,f < 30
	dBm

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

	PCMAX_C_31
	31   PMP-R,c,f
	dBm





Proposal 7: Use a 32 range values for P-MPR reporting values. 


2.4 The exposure headroom reporting latency analysis

For the pre-emptive approach, MAC CE signaling such as the MAC PHR CE reporting is fast enough. The latency of reporting the exposure headroom can be estimated as the PUSCH duration of the grant carrying the MAC CE plus the HARQ RTT time for delivering the PDU to the network. Similar to PHR MAC CEs, the UE does not need to trigger a new SR for the purpose of providing such MAC CE, given the UE is in active transmission and the network is aware of that. 

The PUSCH duration is typically contained within one slot, assuming slot aggregation isn’t used. The reporting latency can thus be estimated as one slot, neglecting the HARQ RTT. The HARQ RTT is the time until a HARQ ACK is received. For a MAC CE transmitted on a dynamic grant, the HARQ RTT is the time until a normal uplink grant is received to schedule a new transmission for the same HARQ process as PUSCH carrying the MAC CE. Reporting the exposure headroom using a MAC CE thus provides timely indication to the gNB, while maintaining HARQ level reliability.

Proposal8:	Ask RAN2 to include support for a MAC CE for exposure headroom report and P-MPR indication.

Specification impact on TS 38.133, TS 38.331, and TS 38.321 is illustrated in Appendices A, B, and C respectively.

3. Conclusion
In this contribution we discussed and proposed a pre-emptive approach for MPE mitigation issues in FR2 along with specification impact and a latency analysis.
Observation 1:	The UE maximum duty cycle for FR2 for MPE compliance is UE RF implementation related.
Observation 2:	Power averaging over time is required for a proper power density estimation for MPE compliance.
Proposal 1:	Adopt averaged power measurement relative to UE MPE limit as percentage for exposure headroom.
Proposal 2:	Support an MPE exposure headroom threshold for exposure headroom periodic reporting.
Proposal 3:	The evaluation period for the exposure headroom is a configurable, periodic reporting time.
Proposal 4:	The UE triggers the transmission of the P-MPR indication when the exposure headroom estimation reaches 0% or exceeds the MPE limit over an evaluation period. The exposure headroom to be sent along with P-MPR estimation.
Proposal 5:	The UE effectively applies P-MPR after at least one exposure headroom evaluation period expires.
Proposal 6: Use 64 range values for exposure headroom reporting values.
Proposal 7: Use a 32 range values for P-MPR reporting values. 

Proposal 8: Ask RAN2 to include support for a MAC CE for exposure headroom report and P-MPR indication.
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Appendix A: Exposure headroom reporting impact on TS 38.133
The 38.133 impact consists of the introduction of a table for the exposure headroom report as follows:

A sub-clause can be added under the power headroom report section as:


10.1.17.1.2	Exposure Headroom Report Mapping
The exposure headroom reporting range is from -30 to 33 %. Table 10.1.17.2-1 defines the report mapping.

Table 10.1.17.1.2-1: Exposure headroom report mapping
	[bookmark: _Hlk23850991]Reported value
	Measured quantity value (%)

	EXPOSURE_HEADROOM_0
	EH  - 30

	EXPOSURE _HEADROOM_1
	-30  EH  -29

	EXPOSURE _HEADROOM_2
	-29  EH  -28

	EXPOSURE _HEADROOM_3
	-28  EH  -27

	
	

	EXPOSURE _HEADROOM_53
	23  EH  24

	EXPOSURE _HEADROOM_54
	24  EH  25

	EXPOSURE _HEADROOM_55
	25  EH  26

	EXPOSURE _HEADROOM_56
	26  EH  27

	EXPOSURE _HEADROOM_57
	27  EH  28

	EXPOSURE _HEADROOM_58
	28  EH  29

	EXPOSURE _HEADROOM_59
	29  EH  30

	EXPOSURE _HEADROOM_60
	30  EH  31

	EXPOSURE _HEADROOM_61
	31  EH  32

	EXPOSURE _HEADROOM_62
	32  EH  33

	EXPOSURE_HEADROOM_63
	EH ≥ 33





The P-MPR reporting range can be added using a table in a sub-clause 10.1.18.2 for P-MPR report mapping:

10.1.18.2	P-MPR Report Mapping
The P-MPR reporting range is defined from 1 dBm to 33 dBm with 1 dB resolution. Table 10.1.18.2-1 defines the reporting mapping.
Table 10.1.18.2-1 Mapping of 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_29
	29  PMP-R,c,f < 30
	dBm

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

	PCMAX_C_31
	31   PMP-R,c,f
	dBm




Appendix B: Exposure headroom reporting impact on TS 38.331
The following 38.331 parameters are proposed as an example for exposure headroom (EHR) report that follow the PHR report configuration:

The IE EHR-Config is used to configure parameters for exposure headroom reporting.
EHR-Config information element
-- ASN1START
-- TAG-EHR-CONFIG-START

EHR-Config ::=                      SEQUENCE {
    ehr-PeriodicTimer                   ENUMERATED {sf100, sf200,sf500, sf600, 
										sf700, sf800, sf900, infinity},
    ehr-ProhibitTimer                   ENUMERATED {sf100, sf200,sf500, sf600, 
										sf700, sf800, sf900, sf1000},
[bookmark: _Hlk23846266]    ehr-threshold            			ENUMERATED {sf0, sf5, sf10, sf20}, 
    multipleEHR			                BOOLEAN,
    dummy					            BOOLEAN,
    ehr-Type2OtherCell                  BOOLEAN,
    ehr-ModeOtherCG                     ENUMERATED {real, virtual},
    ...
}

-- TAG-EHR-CONFIG-STOP
-- ASN1STOP

	EHR-Config field descriptions

	dummy
This field is not used in this version of the specification and the UE ignores the received value.

	multipleEHR
Indicates if Exposure-headroom shall be reported using the Single Entry PHR MAC control element or Multiple Entry EHR MAC control element defined in TS 38.321 [3]. True means to use Multiple Entry EHR MAC control element and False means to use the Single Entry EHR MAC control element defined in TS 38.321 [3]. 

	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.

	ehr-PeriodicTimer
Value in number of slots for EHR reporting as specified in TS 38.321 [3]. Value sf100 corresponds to 100 slots, value sf150 corresponds to 150 slots, 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 slots, value sf150 corresponds to 150 slots, 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% exposure headroom, value sf5 corresponds to 5% exposure headroom, value sf15 corresponds to 15% exposure headroom, and so on.






Appendix C: Exposure 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. The MAC CE can be designed similar to the PHR MAC CE, i.e. with single-entry and multiple entry formats. For example:

[bookmark: _Toc534933451]a.b.c	Exposure Headroom Reporting
The Exposure Headroom reporting procedure includes the following information:
-	Type 1 exposure headroom: exposure headroom report for UL-SCH transmission; P-MPR field set to 0; P= 0.
-	Type 2 power headroom: virtual P-MPR report for UL-SCH transmission; exposure headroom report for UL-SCH transmission; P-MPR field set to P = 1.
RRC controls Power Headroom reporting by configuring the following parameters:
-	ehr-PeriodicTimer;
-	ehr-ProhibitTimer;
-	ehr-Type2OtherCell;
-	ehr-ModeOtherCG;
-	ehr-threshold;            
[bookmark: _Hlk23929831]An Exposure 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 exposure 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 exposure headroom reporting functionality by upper layers, which is not used to disable the function;
-	activation of an SCell of any 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 Exposure 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 Type 1 or Type 2 EH report from the physical layer for the corresponding uplink carrier of the PCell;
2>	obtain the value for the corresponding PMP-R,c,f field from the physical layer;
2>	instruct the Multiplexing and Assembly procedure to generate and transmit the Single Entry EHR MAC CE as defined in subclause 6.1.3.8 based on the values reported by the physical layer.
  2>start or restart ehr-PeriodicTimer;
[bookmark: _GoBack]     2>start or restart ehr-ProhibitTimer;


[bookmark: _Toc534933491]x.y.z.1	Single Entry EHR MAC CE
The Single Entry 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 6.1.3.8-1):
-	R: Reserved bit, set to "0";
-	Exposure Headroom (EH): This field indicates the exposure headroom level. The length of the field is 6 bits. The reported EH and the corresponding exposure 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,c: This field indicates the PMP-R,c (as specified in TS 38.101). The reported PMP-R,c a 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 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 P=1 when an imminent MPE event is about to happen and the corresponding reported P-MPRc field is the estimated power backoff to be applied after the expiration of the ehr-ProhibitTimer; 

Figure x.y.z-1: Single Entry EHR MAC CE
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Table x.y.z -1: Exposure Headroom levels for EHR
	EH
	Reported value

	0
	EXPOSURE_HEADROOM_0

	1
	EXPOSURE _HEADROOM_1

	2
	EXPOSURE _HEADROOM_2

	3
	EXPOSURE _HEADROOM_3

	…
	

	60
	EXPOSURE _HEADROOM_60

	61
	EXPOSURE _HEADROOM_61

	62
	EXPOSURE _HEADROOM_62

	63
	EXPOSURE_HEADROOM_63



Table x.y.z-3: 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





