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1	Introduction 
Since RAN WG4 decided to postpone a number of basic Rel-15 NR features requirements to Rel-16, a new WI was agreed at RAN TSG#84 to develop further the UE RF requirements for FR2 [1]. In particular, the work scope of the WI includes methods to avoid radio link failures and connection releases due to unpredictable UE P-MPRs that can be caused by the FR2 UE RF exposure compliance reasons. 
It is worth mentioning that during the RAN4#91 meeting a CR was agreed [2] introducing the concept of the "maximum uplink duty cycle" that enables a UE to indicate its preferred maximum uplink duty cycle, upon which the UE would potentially avoid applying P-MPR to meet the exposure compliance requirements. And the corresponding signaling was introduced by RAN WG2 in a form of the UE capability [3][4]. 
Even though P-MPR and "maximum uplink duty cycle" mechanisms provide a good baseline to handle the maximum permittable exposure (MPE), it was already identified during the Rel-15 discussions that they are not most efficient methods in a dynamic environment. Thus, in this discussion paper we present limitations of the current mechanisms that a UE can use in the P-MPR scenario and suggest considering further enhancements to optimize the overall system performance.  
2	MPE scenario 
2.1	Background
As the UE implementation has to comply with all the RF exposure regulations, it has to ensure that its maximum permittable exposure (MPE) stays within required limits. It is especially critical for those cases when a certain separation distance cannot be ensured by design and thus a UE should be ready to handle a scenario when it is very close to a human body. Since the network does not obviously know how a particular UE is being used at a particular moment of time, it is the UE responsibility to use the corresponding methods.
One of the basic methods to comply with all the requirements is to apply P-MPR, i.e. to reduce the transmission power if a UE detects a need to do it. Despite its simplicity, this mechanism has a fundamental problem of impacting the UL coverage. Even though one can argue that it is not a severe issue for FR1 where cells inter-site distance is usually smaller than needed to provide more capacity, it will be definitely a problem for FR2 coverage. Furthermore, since P-MPR is the UE controlled and driven mechanism, the network has no explicit indication on the reduced transmission power, which can be construed as worsen propagation conditions. In the worst-case scenario, large P-MPR will cause radio link failure followed by the RRC re-establishment process.   
[bookmark: _Toc13820865][bookmark: _Toc13820963][bookmark: _Toc13823287][bookmark: _Toc13823509][bookmark: _Toc13823765][bookmark: _Toc13820616][bookmark: _Toc13820625]Observation 1:	A UE can always use the P-MPR mechanism to meet the exposure requirements, but it will impact the UL coverage potentially leading to the link failure. 
In addition to P-MPR, RAN WG4 also devised a mechanism allowing a UE to indicate the maximum UL duty cycle. Unlike P-MPR, it can prevent a UE from reducing its transmission power because it can continue transmitting at the same level due to the fact that the network does not allocate UL grants in every TTI. Even though this approach can ensure better UL coverage, it will impact negatively the achievable throughput in the UL direction. Since the maximum UL duty cycle is a static UE capability, the network does not know when it can/shall be applied and when not, and thus the most conservative network implementation would always schedule the UE accordingly. Furthermore, even if a UE signals a very conservative maximum UL duty cycle value, e.g. 20%, it does not mean that it cannot end up in extreme conditions where P-MPR still has to be applied even if the network schedules the UE according to its preferences.  
[bookmark: _Toc13820866][bookmark: _Toc13820964][bookmark: _Toc13823288][bookmark: _Toc13823510][bookmark: _Toc13823766]Observation 2a:	The maximum UL duty cycle mechanism can solve the UL coverage issue, but it will limit the maximum achievable throughput. 
[bookmark: _Toc13820867][bookmark: _Toc13820965][bookmark: _Toc13823289][bookmark: _Toc13823511][bookmark: _Toc13823767]Observation 2b:	In extreme cases, a UE still may resort for applying P-MPR even if it is scheduled according to the indicated maximum UL duty cycle.  
[bookmark: _Toc13823832][bookmark: _Toc13821307][bookmark: _Toc13823307]2.2	Potential enhancements
As can be seen from the considerations presented in the previous section, both P-MPR and maximum UL duty cycle mechanisms have known limitations and cannot adapt dynamically to achieve the best trade-off between the UL coverage and the UL performance. Thus, one of the potential enhancements for Rel-16 can be a solution that will allow some form of the dynamic adjustment of the maximum UL duty cycle. 
It is important to emphasize that since it is the network scheduling that allocates UL grants, the network can always implement some form of the dynamic maximum UL duty cycle. The problem is that the network is not aware how severe the P-MPR issue is and how much power back-off value is applied. Referring to TS 38.321, a UE just indicates that it has applied P-MPR by setting "P" field in the MAC header, but the exact value is not known to the network. Even though the network configuration allows to specify that the "P" should be set only when the power factor change is larger than e.g. 3dB, the network still does not know whether the actual power back-off was 3dB or 6dB. On the contrary to it, if the UE has a possibility to indicate that it has applied e.g. 6dB P-MPR power back-off, then the base station can consider adjusting (immediately) the UL scheduling interval from e.g. 100% to 25%. In other words, some P-MPR assistance information can help optimize network side scheduling. 
Nevertheless, it should be understood that P-MPR assistance information reported by the UE to the network is just an indication and it cannot put exact constraints and limitations on the network side scheduling.  As the logical outcome, a UE can apply P-MPR if the actual network scheduling still forces the UE to reduce its transmission power.
[bookmark: _Toc16502202][bookmark: _Toc16508109][bookmark: _Toc16589230][bookmark: _Toc16622985][bookmark: _Toc16678300][bookmark: _Toc16851937][bookmark: _Toc16852153]Proposal 1:	Introduce P-MPR assistance information that will allow the network to choose the most appropriate UL uplink duty cycle. 
[bookmark: _Toc13823833][bookmark: _Toc16502203][bookmark: _Toc16508110]With regards to exact implementation details, we foresee two major approaches that should be further discussed based on the feedback from RAN WG2: 
[bookmark: _GoBack]-	RRC message. RAN WG2 has already introduced UEAssistanceInformation RRC message that is used to indicate the delay budget and RRC configuration for the overheating scenario. Following the same principle, new IE(s) can be easily added to indicate e.g. the preferred UL duty cycle;
-	MAC control element. As quickly mentioned earlier, power headroom reporting control element already has "P" field, which is set by the UE when the P-MPR is applied. Thus, it is also possible to extend the corresponding MAC CE format so that additional P-MPR assistance information is reported to the network.  
[bookmark: _Toc16589231][bookmark: _Toc16622986][bookmark: _Toc16678301][bookmark: _Toc16851938][bookmark: _Toc16852154]Proposal 2:	P-MPR assistance information can be implemented differently and is subject for further discussions in RAN WG4 and WG2.  
3	Conclusions
In this discussion paper we have presented our further considerations on potential enhancements for the MPE scenario. As explained in the paper, always applying P-MPR might compromise UL coverage, and the static maximum UL duty cycle might compromise UL performance. Thus, we ask RAN WG4 to consider a mechanism allowing a UE to report the P-MPR assistance information so that the network can choose the most appropriate UL duty cycle. 
Proposal 1:	Introduce P-MPR assistance information that will allow the network to choose the most appropriate UL uplink duty cycle.
Proposal 2:	P-MPR assistance information can be implemented differently and is subject for further discussions in RAN WG4 and WG2.
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