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1.
Introduction
RAN4#90 agreed maxUplinkDutyCycle capability values [12] and sent LS to RAN2 for implementation. One company was not happy with the agreement and escalated the agreement in RAN#83 and way forward [13] provided guidance that 2 % value was removed, 25 % was added and 10 % was left as TBD. The change in the agreement was not justified by any technical aspect but the paper submitted to plenary [14] raised concerns on system operation under low dutycycle values. This paper discusses the impact of the agreement and how UE will operate with extremely low duty cycle conditions since it has to prioritise regulatory requirements over network guidance. We have also provided a paper to propose in how the maxUplinkDutyCycle should be interpreted as was described in [15] and how situation with low values is not as bad as it is assumed in [14]. 
2. 
Discussion
2.1 Exposure analysis
The motivation of the maxUplinkDutyCycle parameter was to enable a mitigation technique for RF exposure in FR2 and to let network know this particular UE has chosen to apply dutycycle restriction to comply with RF Exposure regulatory requirements. We re-state the conservative technical analysis example justifying 2% dutycycle in Table 1, originally presented in [15].  
Table 1 Example Analysis on allowable maximum output power and minimum duty 

cycle assuming FCC [10] and ICNIRP [9] exposure limit at 28 GHz
	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)

	Back off required for compliance
	23 – 6 = 17 dB

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

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


In Table 2 we show the corresponding calculation for the FWA device where the device use case and RF Exposure assessment procedure is different. 

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 %


Differences between analysis is that handheld devices are evaluated at the surface of the device where the near field power density is assessed.  For FWA/PC1, devices are typically assessed with a typical separation distance of 20 cm which is in the far field where the power density can be computed based on the far field EIRP. Assuming the maximum power allowed by 3GPP (PC3) and regulatory (PC1), the minimum values for duty cycle UE needs to limit the UL grants are close to each other, 2 % and 1.6 %, PC3 and PC1 respectively. 
Observation 1: 2 % uplink duty cycle restriction is supported by analysis for PC1 and PC3. 

2.2 
UE means for exposure mitigation   
Regardless of RAN4 or plenary agreements, a UE must satisfy the regulatory requirements of the respective country the device shall be marketed into. According to analysis in section 2.1, very low duty cycle is realistic for some devices depending on the physical design. Other devices meet regulatory requirements with a higher maximum duty cycle depending on the design. For the worst-case device, having 2 % duty cycle as reported capability would allow network to understand that this UE implements only grant dropping instead of back off for exposure mitigation technique and not P-MPR and then network can adapt scheduling and not waste resources. With the higher minimum values for the capability, the UE may still apply grant dropping but network does not have this information. 
Observation 2: maxUplinkDutyCycle informs network on expected UE behaviour.
In Figure 1 we plot the maximum duty cycle for RF exposure compliance at a distance of 20 cm. The 55 dBm EIRP limitation of 1.58% corresponds with the information from Table 2. This is an example how PC1 UE may limit itself in terms of grants. 
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Figure 1. Maximum peak EIRP with duty cycle restriction

Figure 1 shows that for FWA type device with maximum 47 dBm peak EIRP, 10 % maximum duty cycle ensures compliance with duty cycle restriction only. For handheld, we showed 2 % values would be needed. We therefore propose to keep 10 % value in the list. (open item from [13])

Proposal 1: Include 10 % value in maxUplinkDutyCycle list of reportable values.   

UE may also apply P-MPR as opposed or in addition to grant dropping. It should be well understood in all discussions that UE will apply methods of its choosing to ensure compliance against regulatory requirements. Alternative is that network will ensure that UE meets compliance by scheduling properly. 
Observation 3: UE itself will ensure compliance with regulatory requirements unless network operation is specified to ensure UE compliance
2.2
Default value
The default value has not been agreed yet, but some implementations are already being deployed. These devices will not report the value and they have received regulatory acceptance with other means unknown to 3GPP. Ran4 feature description list [20] also defines that “Mandatory to report non-default uplink duty cycle if UE supports”. It implies that behaviour of all UEs is defined by the default value if this capability is not provided. If default value would be anything else than 100 %, network behaviour of these devices would be worse than what needs to be. 100 % default value is supported also by the agreement that this capability is optional, therefore not reporting it means UE has no restrictions on uplink capability. It is the responsibility of the UE manufacture to understand and configure the UE appropriately for regulatory compliance and network reporting. 
Alternative to the 100 % default value is the 2 % since it ensures regulatory compliance but according to RAN guidance that is not in the list of applicable values anymore. 
Observation 4: RAN excluded possibility for technically justifiable default value
The situation with similar capability in FR1 is not same since assumption there is that PC2 UE can operate without restrictions as PC3 device. The regulation in this case is the same regardless of the power class and this has been the assumption throughout the definition process in FR1. For FR2 devices, regulation is different for PC1 and PC3 as described in Table 1 and 2 and there is no fallback behaviour defined for PC1 or PC3 devices in terms of power class. 
Observation 5: For FR2 PC1 or PC3 devices the regulation for exposure is different
This means for example that for PC3 device, 3GPP has not defined requirements which can be met without applying some sort of RF exposure mitigation technique. Therefore, decision on chosen maximum permissible RF exposure mitigation technique should be left to the UE and default assumption on UE uplink restriction should be made in 3GPP. 
Proposal 2: Default value for the defined maxUplinkDutyCycle is 100 %
Without this agreement, RAN has to define those missing fallback requirements, for example 6 dBm TRP or 2 % duty cycle with 23 dBm TRP but this will need some time and it would push definition of this parameter forward to future meetings and releases. 
2.3
Advanced classes for maxUplinkDutyCycle

In RAN4#90-Bis a discussion on what to do with the maxUplinkDutyCycle when advanced modes are configured. Namely when UE supports following modes:
· CA between FR2 bands

· CA between FR1 and FR2

· DC between both above

Since exposure limits are applicable for combined radiation [16], UE’s capability for uplink transmissions is impacted by state of other radios so proposal to define multiple classes and new parameters to declare UE’s maximum uplink duty cycle are meaningful. In addition, maxUplinkDutyCycle is band dependent parameter so for example for inter-band CA cases, it needs to be band combination dependent. However even if the maxUplinkDutyCycle is set for all case band combination dependent manner, UE may apply P-MPR when other non-3GPP radios are active and this raises a concern on increased complexity in determining the parameter and then tracking the scheduling based on the declared parameter not to speak about the complexity in the network scheduler in case it chooses to track UEs uplink grants. 

Observation 5: Defining maxUplinkDutyCycle for different radio configuration cases increases complexity

2.4 
Network behaviour in presence of UE with non-100 % maxUplinkDutyCycle  

For maxUplinkDutyCycle parameter to provide the protection it was designed for, network would need to respect the capability. RAN4 has an agreement that this declared capability does not affect basestation scheduler (chairmen minutes from RAN4#90) so in other words, the capability is meaningless for the network operation. This leaves the meaning of the capability unclear. 
Observation 6: maxUplinkDutyCycle is meaningless in network operation 

2.5
UE behaviour at lower power levels

In [20] the feature description is written as “For a FR2 UE when the percentage of uplink transmission time scheduled within a certain evaluation period is larger than its capability, UE could do power back off as in TS38.101-2.” From that we can read that UE is mandated to transmit what network schedules but apply P-MPR to ensure the MPE compliance when UL grants exceed declared capability. The UE behaviour should be written in RAN2 specifications but for RAN4 specifications, we should clarify that the evaluation of the maxUplinkDutyCycle is done at maximum out power level. This agreement should be clarified in 38.101-2 and we have provided draft CR to capture this behaviour and feature list text is also copied in to the LS [18].   
2.6
Application of maxUplinkDutyCycle in conformance testing
The TS 38.101-2 allows use of P-MPR only when other RATs or proximity sensors detect need for back off. maxUplinkDutyCycle is mentioned in the same 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 cycle to facilitate the compliance described below.” 
Reader is advised to note the underlined parts. But it is not mentioned in the latter sentence:

“The UE shall apply P-MPRf,c for carrier f of serving cell c only for the above cases”

From this, we can conclude that whereas P-MPR is allowed only in those cases, situation for maxUplinkDutyCycle is ambiguous. 

Observation 7: maxUplinkDutyCycle applicability is unclear in TS 38.101-2 description 

Before clarifying the sentence, RAN4 should discuss how to handle the conformance testing aspect especially for UEs that declare capability less than the RMC UL dutycycle. Easiest possibility is to disable the uplink restriction in conformance testing similarly as the P-MPR is disabled with the note that no human tissue will in proximity of the DUT while tested.  

Proposal 3: Disable uplink duty cycle restriction in conformance testing

2.7 
Applicability of maxUplinkDutyCycle to different power classes

RAN4 never discussed maxUplinkDutyCycle applicability for different power classes and assumption has been it is applicable for all power classes and this is why notions in TS 38.101-2 on talk in general terms about it. The section 6.2.4 is general and applies for all power classes and this is where maxUplinkDutyCycle is defined and by that it applies for all power classes. For some reason, the WF [13], text implies the discussion in ran4 would cover only PC3 and therefore it is better to clarify this aspect here.
Observation 8: Plenary document seems to refer that RAN4 only discussed maxUplinkDutyCycle for PC3

Proposal 4: maxUplinkDutyCycle is applicable for all power classes

3
Discussion on conclusion of the parameter

A full set of agreed parameters are needed before sending LS to ran2. Agreement would be needed early in the RAN4 meeting week to enable RAN2 to do its work. RAN2 needs a full design for this parameter and we provide such in [18]. RAN4 has been discussing this parameter since RAN4#89 with little progress. The fundamental motivation for capabilities in ASN.1 interface is to inform network of this specific UE features and possible limitations or enhanced abilities beyond mandatory requirements. In sub-section 2.4 we conclude that the capability maxUplinkDutyCycle is meaningless to network since the agreements made in RAN4 and none of the proponents have not even made proposal for the base station specification that would mandate network to follow this capability. Infact, feature description requires UE to transmit but with lower power if UL grants are exceeding the declared capability. With this, and the spec language, there will be a test for the UE that UE will drop grants according to the reported capability. In conclusion, this capability puts a burden to the UE and does not guarantee meeting any exposure limits since scheduler is free to schedule ignoring this capability so there is no purpose for this capability. 

Observation 9: maxUplinkDutyCycle is not useful for what it was intended for and there is a lot of work to be done before concluding the feature

Proposal 5: If clear agreement for above cases are not possible by the end if this meeting, maxUplinkDutyCycle-FR2 is removed from capability list for Rel-15.  
Conclusion
Observation 1: 2 % uplink duty cycle restriction is supported by analysis for PC1 and PC3. 

Observation 2: maxUplinkDutyCycle informs network on expected UE behaviour.

Proposal 1: Include 10 % value in maxUplinkDutyCycle list of reportable values.   
Observation 3: UE itself will ensure compliance with regulatory requirements unless network operation is specified to ensure UE compliance

Observation 4: RAN excluded possibility for technically justifiable default value

Observation 5: For FR2 PC1 or PC3 devices the regulation for exposure is different 
Proposal 2: Default value for maxUplinkDutyCycle is 100 %
Observation 6: maxUplinkDutyCycle is meaningless in network operation 
Observation 7: maxUplinkDutyCycle applicability is unclear in TS 38.101-2 description 
Proposal 3: Disable uplink duty cycle restriction in conformance testing
Observation 8: Plenary document seems to refer that RAN4 only discussed maxUplinkDutyCycle for PC3

Proposal 4: maxUplinkDutyCycle is applicable for all power classes
Observation 9: maxUplinkDutyCycle is not useful for what it was intended for and there is a lot of work to be done before concluding the feature

Proposal 5: If clear agreement for above cases are not possible by the end if this meeting, maxUplinkDutyCycle-FR2 is removed from capability list for Rel-15.  
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