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1.
Introduction
RAN4#89 introduced new capability maxUplinkDutyCycle for FR2 UE [2]. LS was sent [2] to inform RAN2 about the agreement but some parameters were left open. Also a dB limit for P-MPR was agreed but value was left TBD and similarly to duty cycle, some details need clarifying. This paper discusses open items and proposes next steps. 
2. 
Discussion
2.1 maxUplinkDutyCycle parameter for PC3
The motivation of the maxUplinkDutyCycle parameter was to enable mitigation technique for RF exposure in FR2. This is to limit duty cycle so that averaged output power from UE would never cause exposure limit violation. This logic follows same parameter logic from FR1 where averaged output power from HPUE is same by setting the duty cycle to 50 % compared to 23 dBm UE with no limitation on UL duty cycle. For FR2, at the time of Ran4#89 RAN4 did not have a common view how big is the back off needed. Different views were expressed in [4-8] but no consensus was noted in [3] and therefore range was left open. To enable Rel-15 closure, it may be meaningful to enable range that allows all implementations. Below in Table 1 we present a simple analysis for maximum P-MPR and minimum dutycycle. The analysis approach is an example only and it is understood there are simulation and measurement process     available to achieve more accurate  It is also only accounting for the FR2 transmitter and not including other restrictions resulting from RF exposure contributions from other radios (e.g. 2/3/4G/FR1, WIFI, 11ad).   

Table 1 Analysis on allowable maximum output power and minimum duty 

cycle assuming FCC [10] and ICNIRP [9] exposure limits

	PC3

	Max allowed TRP (dBm) by 3GPP
	23 (200 mW)

	Max allowed Power Density 
	10 W/m2 or 1 mW/cm2 

	Total allowed exposure is averaged over 4 cm2 
(Note: 4cm2 is draft ICNRIP averaging area at f= 28 GHz)
	4 mW/cm2 = 6 dBm
(conservative assumption all power is transferred into body)

	% of exposure
	100*

	Back off required for compliance
	23 – 6 = 17 dB

	FCC Averaging interval (sec)
	4

	Maximum Duty cycle
	10^(-17dB/10) = 2 %

	NOTE *: Here we have assumed human tissue is exposed to all of the radiated power.


* . 
In reality, RF exposure is a function of the near field power density that is dependent on many factors of the specific UE and the distance from the user and a detailed analysis will need proper electromagnetic field analysis. This kind of analysis is highly UE mechanical design dependent and for the purposes of deriving generic standard parameters it is difficult to generalise enough and therefore we nee dto rely on simple analysis as presented.  
Observation 1: Human tissue can be exposed to all of the available RF power from FR2 device

Table 1 shows a worst case approximation back off needed to comply with the RF Exposure.

Observation 2: Needed back off to meet RF Exposure is up to, and could exceed, 17 dB if no other means to comply with RF Exposure regulation will be applied
Table 1 also shows calculation on maximum allowable duty cycle if no other means is taken to comply with RF Exposure limits for PC3 handheld device. In Table 2 we show the corresponding cancluation for the FWA device where assumptions have to be different: Phenomena is is farfield as opposed to near field since distance is assumed 20 cm, back off must be calculated from maximum allowed EIRP rather than TRP.  
Table 2. Back off and maximum allowed duty cycle needed for RF Exposure compliance for PC1 device 

	PC1

	Maximum alloved power density
	1mW/cm2

	Power of the radiator in 20 cm distance for maximum allowed power density
	37 dBm

	Maximum allowed EIRP of PC1 device
	55 dBm

	Back off
	18 dB

	Duty cycle
	10-18/10-=1.58 %


Table 2 shows the maximum duty cycle can be 1.6 %. If UE maximum EIRP is 54 dBm instead of 55 dBm, the maximum duty cycle to meet Rf Exposure compliance would be 2 %.
Observation 3: Maximum UL duty cycle must be limited to 2 % if no other means to comply with RF Exposure regulation will be applied if no other mitigation method utilized
RAN4 already made the agreement that the granularity of the maxUplinkDutyCycle is 10%. However, since range is open, RAN2 has not done anything to this parameter. We also looked at the TS 38.331 and the notation tabulated for FR1 maxUplinkDutyCycle indicates that parameter cannot be extended so a new parameter is needed anyway (no three dots after the “n100”). 

[[

    maxUplinkDutyCycle-PC2-FR1                  ENUMERATED {n60, n70, n80, n90, n100}           OPTIONAL
    ]],
Observation 4: Agreeing all maxUplinkDutyCycle details (granularity, range and min and max values) is still up to RAN4. 

With all these observations, we conclude that RAN4 has the following options to move forward:

Option 1: Define maxUplinkDutyCycle range so that it can be used to solve the problem it was intended to solve i.e. range is from 2 %. The downside is that UE with 2 % UL dutycycle is not a very good UE.

Option 2: Define maxUplinkDutyCycle range to be a reasonable value, 50 % like FR1 parameter. Downside with this is that using maxUplinkDutyCycle  will not solve the problem it was intended to solve but UE has to use other means to comply with RF Exposure.

Option 3: Remove the maxUplinkDutyCycle capability since it does not seem to solve the problem. This is relatively easy since RAN2 has not done anything yet and is waiting for more information from RAN4.
If RAN4 wants to keep the capability, Option1 is preferred since with option 1, all implementations are supported by standard and an implementation that wants to use higher duty cycle and rely also on additional mitigation techniques is still enabled. With Option2, 3GPP would mandate use of additional techniques.  

Proposal 1: maxUplinkDutyCycle parameter range minimum is 2 % and maximum is 100 %.  

This capability should be reported for the maximum power and worst beam and if UE reports lower than maximum power in PHR, network can then scale the UE dutycycle so that worst case exposure is not exceed e.g. 2 % duty cycle at maximum power with PHR 0 corresponds to 4 % duty cycle at 3 dB PHR.  

In practical implementations a combination of P-MPR and duty cycle may result in to the optimum implementation. 
2.2 “dB” value for P-MPR

The specification contains a sentence:

“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 cyle to facilitate the compliance described below with P-MPRf,c < [TBD] dB. The evaluation period for maxUplinkDutyCycle is 10ms.”

The meaning of “P-MPRf,c < [TBD] dB.” is unclear from that context and here we aim to propose a meaningful way to define that parameter that helps also the network to enable more reliable connections. 

If UE applies P-MPR, according to TS 38.321, UE reports usage as following way:

“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 P=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; “
P length is one bit so network would not know if UE applied 1 or 20 dB P-MPR. This issue was explained already in [11] and it proposed to enhance PHR reporting to include more information to the network on how severe RF Exposure compliance issue UE experiences. Later RAN4 agreed [3] that since modification of PHR reporting requires involvement from other workgroups, RAN4 will pursue this option in Rel-16. However, since the exact UE behaviour for this bit is defined in RAN4 requirements, there may be way to enhance PHR reporting without any impact to other WG specification. 
Observation 5: P-MPR reporting can be enhanced by remaining within the scope of the RAN4 specifications to improve link reliability under severe RF Exposure compliance issues   

FR2 output uncertainty is larger than in FR1. Measurement uncertainty alone is very large and with directional property of antenna radiation patters as opposite to FR1 with omnidirectional antennas, any movement of UE may result some changes in BS received power level. It may make sense to define a threshold for P-MPR below what this P-MPR bit “P” will not be set to 1. This will allow information transfer to network if the RF Exposure issue is truly severe and network should take corrective system level measures to assist UE in maintaining link.  
Observation 6: It maybe beneficial to define a threshold significantly greater than zero dB for back off when P-MPR bit “P” is set to 1 in PHR reporting for FR2. 
Whether if a limit will be defined in RAN4 requirements or a subjective definition of “severe back off” is defined as the threshold to set the bit to 1 will need further discussion. First point of discussion is that what is considered as severe back off which depends on angle of view and it may be difficult to reach consensus in RAN4 since this would be based on opinion than actual implementation or deployment constraints. Second maybe more important point is that if there was a limit, how would the functionality be tested. RAN5 would need to come up with a setup where a known number of back off is enforced and since meeting RF Exposure compliance is highly dependent on UE implementation, it may be close to impossible to come up with a generalised test for this parameter. 

Proposal 2: RAN4 will allow UE to define the threshold for the P-MPR when the “P” bit in PHR report is set to 1.   
2.3 Evaluation period of maxUplinkDutyCycle
Evaluation period for the maxUplinkDutyCycle was agreed as 10 msec. It is our understanding that this was not based on analysis but is merely the length of radio frame. Since both existing regulations apply 4 sec evaluation period, it may make sense to align 3GPP with them. An other regulatory compliance aspect is device surface thermal considerations and 10 msec is very fast for thermal networks that are experience in handheld UEs.

There is also a severe problem in scheduling with 10 msec if we take our analysis of duty cycle further. If UE wants to rely on duty cycle restriction as only means for RF Exposure compliance and set the value of maxUplinkDutyCycle to 2 %. That with 10 msec evaluation period would mean that only 200 usec can be scheduled for UL at a time. This is less than 12 symbols with 60 kHz SCS out of 560 and less than 23 symbols out of 1121 with 120 kHz SCS. Since there is no need to have the evaluation period as 10 msec we are proposing to change that.
Proposal 3: Evaluation period for FR2 maxUplinkDutyCycle is changed to 4 sec.     
Conclusion
Proposal 1: maxUplinkDutyCycle parameter range minimum is 2 % and maximum is 100 % for power class 3.  

Proposal 2: RAN4 will allow UE to define the threshold for the P-MPR when the “P” bit in PHR report is set to 1.   

Proposal 3: Evaluation period for FR2 maxUplinkDutyCycle is changed to 4 sec.     
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