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Introduction
3GPP RAN4 has discussed how to handle the MPE scenario in the context of the UE RF specification over a number of meetings.  The most recent agreement has been captured in TS38.101-2 [1] as the following passage in the configured Tx power clause (6.2.4): 

P-MPRf,c is the allowed maximum output power reduction  and maxUplinkDutyCycle as defined in TS 38.331 [13] is the UE reported maximum duty cycle to facilitate the compliance described below with P-MPRf,c < [TBD] dB. The evaluation period for maxUplinkDutyCycle is 10ms.
a)	ensuring compliance with applicable electromagnetic energy absorption requirements and addressing unwanted emissions / self desense requirements in case of simultaneous transmissions on multiple RAT(s) for scenarios not in scope of 3GPP RAN specifications;
b)	ensuring compliance with applicable electromagnetic energy absorption requirements in case of proximity detection is used to address such requirements that require a lower maximum output power.
The UE shall apply P-MPRf,c for carrier f of serving cell c only for the above cases. For UE conformance testing P-MPRf,c shall be 0 dB
NOTE 1:	P-MPRf,c  was introduced in the PCMAX,f,c equation such that the UE can report to the gNB the available maximum output transmit power. This information can be used by the gNB for scheduling decisions.
NOTE 2:	P-MPRf,c and maxUplinkDutyCycle may impact the maximum uplink performance for the selected UL transmission path.


The introduction of the new maxUplinkDutyCycle parameter was further communicated to RAN2 in the corresponding LS [2]:

1. Overall Description: 
RAN4 has discussed how to solve the potential MPE (Maximum Permissible Exposure) issue for FR2 power class 3 UE.

It is agreed to use a UE capability of maxUplinkDutyCycle which indicates the maximum percentage of uplink transmission time that can be scheduled within 10msec time to ensure compliance with applicable electromagnetic energy absorption requirements provided by regulatory bodies.

For a FR2 UE when the percentage of uplink transmission time scheduled by the network within a certain evaluation period is larger than its capability, i.e., maxUplinkDutyCycle, UE could do power back off as in TS38.101-2.

The capability of maxUplinkDutyCycle is reported by UE as a per band capability. The granularity is 10%. For FR2 UE, the range of reported value is FFS. The detailed signalling design is up to RAN2.

2. Actions:
To RAN2 WG: 
RAN4 kindly asks RAN2 to take the above agreement into consideration and design the capability signalling.


The entire scope of the MPE discussion was captured in the corresponding adhoc minutes [3]:

· RAN4 #88Bis WF on RF exposure compliance in FR2 [R4-1814176] states: RAN4 should decide whether to solely rely of P-MPR to maintain compliance with RFE limits, or introduce mitigation techniques. Based on Tuesday’s online discussions
Agreements: 
· Not enough to solely rely on P-MPR
· Introduce techniques to facilitate RFE compliance and mitigate radio link failure
· Solutions/potential mitigation techniques for Rel-15
· Maximum uplink duty cycle restriction, study configuration with capability
· Solutions/potential mitigation techniques for Rel-16
· Dynamically indicated maximum uplink duty cycle restriction
· UE provides information for network to avoid UL failure (UE initiated)
· e.g. information about P-MPR being reported to the network by the UE
· Other solutions not precluded


This contribution discusses the remaining open issues related to the MPE scenarios.
Discussion
Maximum value of P-MPR
A maximum value for P-MPR in the FR2 UE requirement for configured Tx power has been included in the latest agreement on MPE and is currently TBD.  A motivation for restricting the range of P-MPR can be seen as a desire to draw a bottom line for handheld UE performance in a body blockage scenario.  However, such a restriction may compromise the UE’s ability to comply with emission safety regulation.  In order to understand whether a restriction on P-MPR is feasible, we review chipset vendors’ input on this topic.

Analysis in [4] provides the following table:

Table 1: Maximum allowed EIRP of a 4x1 array for FCC compliance [4]
	FCC compliance
· PD = 1mW/cm²
· d = 5mm
· Avg. area = 4 cm²
	Max duty cycle
[%]
	Max allowed EIRP
[dBm]
	Cell edge UL throughput
[Mb/s]

	
	100
	18.0
	100

	
	50
	21.0
	50

	
	40
	21.9
	40

	
	20
	25.0
	20



According to [5]:

Millimeter Wave exposure compliance is based on electric field as sub6 is based on absorption. This is explained also in [4] section 2. The area used in [2] is 2x2 cm2 which is quite large. An array size used in study item is 2x2 array with 2 mm square antennas with 5.5 mm spacing so total array size is 7.5 x 7.5 mm2 = 57 mm2 which is roughly 1/10 of the assumed area. Another issue is the distance of the tissue from the source. There is a reference to 20 cm distance but 0.5 cm is used.  FCC KDB 447498 section 4.1) f) says that 

“The test separation distances required for a device to demonstrate SAR or MPE compliance must be sufficiently conservative to support the operational separation distances required by the device and its antennas and radiating structures. For devices such as tablets and transmitters embedded in keyboard sections of laptop computers that are typically used in close proximity to users, the test separation distance is determined by the smallest distance between the outer surface of the device and the user.”

So the distance should be zero. Recalculating what the maximum power from UE can be to avoid violating exposure limits with these assumptions comes out to be below 10 dBm EIRP i.e. P-MPR is in excess of 15 dB. In addition to UE back off, human tissue will block part of the UL power what adds to the concern in [1] of possible RLF in these conditions.


Both inputs are consistent with each other (although the underlying assumptions of mmWave array topology are different):  according to [4] and in line with the existing FCC regulation (5mm operational separation distance) P-MPR is expected to be in excess of 4.4 dB, while according to [5] and in line with the expected reduction in the operational separation distance to 0mm P-MPR is expected to be in excess of 15 dB.  We further note that these analyses were performed taking the 3GPP assumption of a 4-element mmWave array with [4] assuming that maximum EIRP from this array can reach up to 25 dBm.  In practice we may anticipate different antenna array architectures to potentially approach the Power Class 3 peak EIRP limit of 43 dBm.

Observation 1: The 3GPP specification should not mandate UE behavior that pushes it outside of compliance with global, regional, or national safety regulations.

Observation 2: Anticipating the reduction of operational separation distance to 0mm and according to relevant input from chipset vendors, P-MPR in excess of 15 dB may be needed for 2x2 or 4x1 mmWave array architectures.

Observation 3: Provided that PC3 allows peak EIRP up to 43 dBm, an additional 18 dB may be needed for P-MPR to be forward-compatible, if we apply the analyses provided in [4] and [5].

It becomes quickly apparent that an upper bound in the range of 30 to 40 dB on P-MPR fails to address the original premise of introducing such a bound on P-MPR, since a 30 to 40 dB reduction in output power cannot provide any meaningful guarantees on network performance.  It is for this reason that the LTE specification did not introduce an upper bound on P-MPR and left SAR compliance to UE implementation.

Proposal 1: The introduction of an upper bound on P-MPR carries the risk of creating a 3GPP specification that mandates UE behavior to push it outside of compliance with global, regional, or national safety regulations, and a first-order practical analysis on bounding P-MPR results in a value that has little meaningful impact on guaranteed network performance.  Thus, it is proposed not to introduce an upper bound on P-MPR in the NR FR2 UE requirements.

A corresponding draft CR which implements Proposal 1 has been prepared in [6].
Reported values for maxUplinkDutyCycle
The latest agreement to introduce both P-PMR and maxUplinkDutyCycle into the FR2 RF specification allows the UE implementation to trade off power reduction and duty cycle to achieve optimal operating points while maintaining compliance with exposure safety.  In order to allow flexibility to UE implementations, a range of possible values spanning from 10 to 50 percent should be incorporated into the signaling.

Proposal 2: Given that RAN4 has already agreed on the granularity of the maxUplinkDutyCycle information element (10%), it is proposed to use the percentage values in the set of {10, 20, 30, 40, 50}.

A corresponding draft LS to RAN2 which implements Proposal 2 has been prepared in [13].
Impact of maxUplinkDutyCycle on RMC configuration
The most recent agreement on the UL RMC configuration [7] has aligned the uplink period of the RMC with the corresponding RF requirements so that it is set to 1 ms.  This RMC, which is periodic over 2 ms, results in an uplink duty cycle of 50%.  Under this RMC configuration, the behavior of UEs which signal the maxUplinkDutyCycle capability with a value other than 50% may not be well defined in the test:  some UEs may back off their output power, since the RMC configuration’s duty cycle exceeds the device capability.

Proposal 3: The slot patterns of the FR2 TDD reference measurement channel need to be extended to accommodate the maxUplinkDutyCycle capability of the UE during the conformance test.

One approach to extend the slot the patterns of the FR2 TDD RMC is to maintain the uplink period of 1 ms and to extend the downlink period so that the resulting duty cycle aligns with the capability.  Table 2 below provides the parameters of the 120 kHz SCS RMC.

[bookmark: _Ref642773]Table 2: Slot patterns of the 120 kHz SCS RMC according to maxUplinkDutyCycle
	
	120 kHz, 50%
	120 kHz, 40%
	120 kHz, 30%
	120 kHz, 20%
	120 kHz, 10%

	dl-UL-TransmissionPeriodicity
	2
	2.5
	3.5
	5
	10

	nrofDownlinkSlots
	7
	11
	17
	31
	71

	nrofDownlinkSymbols
	12
	12
	12
	12
	12

	nrofUplinkSlot
	8
	8
	8
	8
	8

	nrofUplinkSymbols
	0
	0
	0
	0
	0

	UL period (msec)
	1
	1
	1
	1
	1

	UL duty cycle (%)
	50
	40
	28.57
	20
	10



The 120 kHz SCS RMC patterns are illustrated in Figure 1 below.

[image: ]
[bookmark: _Ref876734]Figure 1: 120 kHz SCS RMC slot patterns

Similarly, for 60 kHz SCS, Table 3 below illustrates the slot patterns.

[bookmark: _Ref643403]Table 3: Slot patterns of the 60 kHz SCS RMC according to maxUplinkDutyCycle
	
	60 kHz, 50%
	60 kHz, 40%
	60 kHz, 30%
	60 kHz, 20%
	60 kHz, 10%

	dl-UL-TransmissionPeriodicity
	2
	2.5
	3.5
	5
	10

	nrofDownlinkSlots
	3
	5
	9
	15
	35

	nrofDownlinkSymbols
	4
	4
	4
	4
	4

	nrofUplinkSlot
	4
	4
	4
	4
	4

	nrofUplinkSymbols
	0
	0
	0
	0
	0

	UL period (msec)
	1
	1
	1
	1
	1

	UL duty cycle (%)
	50
	40
	28.57
	20
	10



Proposal 4: The FR2 RMC slot patterns shall be aligned with the maxUplinkDutyCycle UE capability as shown in Tables 2 and 3.

The 60 kHz SCS RMC patterns are illustrated in Figure 2 below.

[image: ]
[bookmark: _Ref876656]Figure 2: 60 kHz SCS RMC slot patterns

A corresponding draft CR which implements Proposal 4 has been prepared in [8].
Dynamic indication by the UE
Discussion during the RAN4 #89 meeting also considered solutions which involve dynamic indication by the UE.  These approaches promise to mitigate some impact of MPE scenarios on network performance in terms of providing UE assistance information to the network in a timely manner and avoiding long delays associated with radio link failure detection and recovery.  At the time of these discussions, the plan of record for the Rel-15 NR WI timeline was core specification completion by RAN #82 (December 2018).  However, RAN #82 has agreed to postpone the Stage 3 target until RAN #83 (March 2019) and the ASN.1 until RAN #84 (June 2019) with the following scope for TS38.101-2 provided in the corresponding exception sheet [9]:

TS38.101-2
· 6.2.1 UE MOP for PC1/PC2 /PC4
· 6.2XX    MPR for PC2, 4 in CA case
· 6.2XX	Configured transmitted power inc CA 
· Handling of UL duty cycle and P-max
· 6.3.3	General ON/OFF, PRACH and PUCCH time mask
· 6.3XX	Absolute/Relative/Aggregate power tolerance for CA
· Including RSRP estimation error and duration of related measurements
· 6.4.2      Transmit modulation quality for CA for PC2, PC4
· 6.6       beam correspondence for PC1, PC2, and PC4
· 7.4A          Max input level for CA for 64QAM
· 7.3AX	EIS for CA (NC)


Observation 4:  The Rel-15 NR WI exception scope associated with handling of UL duty cycle in the context of configured Tx power is, in our understanding, inclusive of UL duty cycle solutions which include dynamic indication by the UE.

Based on the above, the potential solution considered during the RAN4 #89 meeting under the rubric of “Dynamically indicated maximum uplink duty cycle restriction” can be introduced in the Rel-15 scope.

One possible way to introduce this behavior to Rel-15 NR is to consider past precedent from the LTE feMTC WI in Rel-13, where new events for radio link monitoring were introduced to allow the UE to report excess repetition information to the network [10].  At the high level, these events serve to optimize network resource scheduling based on information reported by the UE in advance of slower processes (such as radio link failure and recovery).  Thus, the potential introduction of events to allow the UE to dynamically report assistance information to the network on requested duty cycle can be viewed in the same light.

Another possible way to approach the issue is to leverage the work on UE overheating indication currently ongoing in RAN2 [11]:

R2-1818031	Email discussion report on [103bis#16][NR] Overheating	Huawei, HiSilicon	discussion	Rel-15	NR_newRAT-Core
-	Ericsson think we should not add any other parameters in the overheating indication
-	Huawei think as we don’t have UE Cat in NR we need something that is similar to UE cat so MIMO and BW info is needed
-	Nokia wonder how the MIMO rank will be signaled. Huawei think most companies think per carrier but would be ok with per UE.
-	Intel think we need more parameters than just CC
-	Nokia want to be sure that UEs will really use this signalling if we support it.
-	Qualcomm think if we have too much complexity then the network will not implement but do think we need something similar to UE Cat in LTE
-	Vivo think that BW and MIMO layer is very useful from UE point of view.

Agreements
1	Aggregated bandwidth across all carriers will be included in the overheating assistance information (FFS reported per UE, per FR, per DL/UL)
=>	Offline discussion to try to conclude on inclusion of any MIMO related information, to conclude the FFS above and to conclude the signalling details (Offline discussion 95, Huawei)


Agreements
1	Support Aggregated bandwidth across all carriers per FR
2	Support MIMO indication per FR

[104#08][NR] Overheating (Huawei)
	Intended outcome: Agreed CRs to 38.331 and 38.306
	Deadline:  Monday 2018-11-26 


Based on the agreed CR to TS38.331 [12], the following new information elements were added:

UEAssistanceInformation-v15xy-IEs ::=	SEQUENCE {
	overheatingAssistance				    OverheatingAssistance	     	OPTIONAL,
	nonCriticalExtension						SEQUENCE {}						OPTIONAL
}

OverheatingAssistance ::=	SEQUENCE {
		reducedMaxCCs					    SEQUENCE {
			reducedCCsDL						    INTEGER (0..31),
			reducedCCsUL						    INTEGER (0..31)
		}		OPTIONAL,
		reducedMaxBW-FR1			SEQUENCE {
			reducedBW-FR1-DL						ReducedAggregatedBandwidth,
			reducedBW-FR1-UL						ReducedAggregatedBandwidth
		}		OPTIONAL,
		reducedMaxBW-FR2			SEQUENCE {
			reducedBW-FR2-DL						ReducedAggregatedBandwidth,
			reducedBW-FR2-UL						ReducedAggregatedBandwidth
		}		OPTIONAL,
		reducedMaxMIMO-LayersFR1			SEQUENCE {
			reducedMIMO-LayersFR1-DL			    MIMO-LayersDL,
			reducedMIMO-LayersFR1-UL			    MIMO-LayersUL
		}		OPTIONAL,
		reducedMaxMIMO-LayersFR2			SEQUENCE {
			reducedMIMO-LayersFR2-DL			    MIMO-LayersDL,
			reducedMIMO-LayersFR2-UL			    MIMO-LayersUL
		}		OPTIONAL
}

ReducedAggregatedBandwidth ::=         ENUMERATED {mhz0, mhz10, mhz20, mhz30, mhz40, mhz50, mhz60, mhz80, mhz100, mhz200, mhz300, mhz400}


Thus, it may be possible to request RAN2 to include UE assistance information on maximum UL duty cycle into the same IE.

Proposal 5: Dynamically indicated maximum uplink duty cycle restriction shall be introduced in NR Rel-15 for FR2 UEs, and RAN4 shall further discuss what mechanism can be used.  Possible approaches include the definition of new events, addition of UL duty cycle restriction to the UEAssistanceInformation.  Other approaches are not precluded.

It is our understanding that further discussion on the mechanism to introduce dynamic indication of maximum uplink duty cycle restriction may be more effectively handled in the context of RRM effort for Rel-15 NR.  A corresponding draft LS to RAN2 which implements Proposal 5 has been prepared in [13].

Looking into further enhancements of the NR network to mitigate performance in MPE scenarios in the Rel-16 scope, we observe that approaches such as UE-initiated information to the network to avoid UL failure is a concept that can be generalized to beam management with the distinction that it addresses a scenario so far overlooked by RAN1.  Thus, it may be beneficial to clarify the essence of MPE scenarios to RAN1 so that the currently ongoing NR MIMO enhancement work item can consider this aspect in their work.

Proposal 6: Further enhancements of NR to mitigate performance in MPE scenarios can be handled within the Rel-16 NR MIMO enhancement WI, and an LS from RAN4 to RAN1 with the scenario definition can be helpful.

A corresponding draft LS to RAN1 which implements Proposal 6 has been prepared in [14].
Conclusions
Based on the analysis provided in this paper, the following observations and proposals can be made:

Observation 1: The 3GPP specification should not mandate UE behavior that pushes it outside of compliance with global, regional, or national safety regulations.

Observation 2: Anticipating the reduction of operational separation distance to 0mm and according to relevant input from chipset vendors, P-MPR in excess of 15 dB may be needed for 2x2 or 4x1 mmWave array architectures.

[bookmark: _GoBack]Observation 3: Provided that PC3 allows peak EIRP up to 43 dBm, an additional 18 dB may be needed for P-MPR to be forward-compatible, if we apply the analyses provided in [4] and [5].

Proposal 1: The introduction of an upper bound on P-MPR carries the risk of creating a 3GPP specification that mandates UE behavior to push it outside of compliance with global, regional, or national safety regulations, and a first-order practical analysis on bounding P-MPR results in a value that has little meaningful impact on guaranteed network performance.  Thus, it is proposed not to introduce an upper bound on P-MPR in the NR FR2 UE requirements.

Proposal 2: Given that RAN4 has already agreed on the granularity of the maxUplinkDutyCycle information element (10%), it is proposed to use the percentage values in the set of {10, 20, 30, 40, 50}.

Proposal 3: The slot patterns of the FR2 TDD reference measurement channel need to be extended to accommodate the maxUplinkDutyCycle capability of the UE during the conformance test.

Proposal 4: The FR2 RMC slot patterns shall be aligned with the maxUplinkDutyCycle UE capability as shown in Tables 2 and 3.

Observation 4:  The Rel-15 NR WI exception scope associated with handling of UL duty cycle in the context of configured Tx power is, in our understanding, inclusive of UL duty cycle solutions which include dynamic indication by the UE.

Proposal 5: Dynamically indicated maximum uplink duty cycle restriction shall be introduced in NR Rel-15 for FR2 UEs, and RAN4 shall further discuss what mechanism can be used.  Possible approaches include the definition of new events, addition of UL duty cycle restriction to the UEAssistanceInformation.  Other approaches are not precluded.

Proposal 6: Further enhancements of NR to mitigate performance in MPE scenarios can be handled within the Rel-16 NR MIMO enhancement WI, and an LS from RAN4 to RAN1 with the scenario definition can be helpful.
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