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1	Introduction 
During the RAN4#91 meeting a CR was agreed [1] introducing the concept of the "maximum uplink duty cycle" that enables a UE to indicate its preferred maximum uplink duty cycle to meet the exposure compliance requirements. And the corresponding signaling was introduced by RAN WG2 in [2][3]. It is worth noting that RAN WG2 has introduced maximum UL duty cycle signaling in a form of a static UE capability, which means that a UE sets value not only by accounting for its design constraints and limitation, but also assuming certain "reference" behavior. However, as raised during previous RAN WG4 meetings [4], it is not clear which "reference" transmission power is used while reporting maximum UL duty cycle. 
In this discussion paper we suggest further clarifying maximum UL duty cycle definition. 

2	Maximum UL duty cycle definition
2.1	Clarification for the maximum UL duty cycle definition
Referring to agreed RAN WG2 CRs in [2][3], current definition of the maximum UL duty cycle in TS 38.306 looks as follows.
maxUplinkDutyCycle-FR2
Indicates the maximum percentage of symbols during 1s that can be scheduled for uplink transmission so as to ensure compliance with applicable electromagnetic power density exposure requirements provided by regulatory bodies. This field is applicable for all power classes UE in FR2 as specified in TS38.101-2 [3]. Value n15 corresponds to 15%, value n20 corresponds to 20% and so on. If the field is absent or the percentage of uplink symbols transmitted within any 1s evaluation period is larger than maxUplinkDutyCycle-FR2, the UE behaviour is specified in TS38.101-2 [3].

As already mentioned in the Introduction part, it is not clear which reference transmission power is assumed for the UE to estimate its preferred UL duty cycle. It would be logical to assume worst case scenario that the UE maximum transmission power is used, but the definition does not mention it explicitly. Otherwise, it is not clear how a UE can indicate the preferred UL duty cycle, because the actual transmission power obviously depends on the radio conditions and how many RBs the network scheduler allocates. In fact, using maximum transmission power as a reference point of the maximum UL duty cycle definition can simplify network implementation because the network scheduler will know that applying that duty cycle, irrespective of the actual UE transmission power, can avoid P-MPR. At the same time, it can also help network scheduler to optimize its operation when a UE transmits at a lower transmission power. As an example, if a UE indicates 15% maximum UL duty cycle for the maximum transmission power of e.g. 23dBm, then the network scheduler can consider 30% duty cycle if a UE average transmission power stays at the level of 20dBm. It is of course up to the network implementation whether to use always the same duty cycle or scale it accordingly, but a clear definition of the reference transmission power will benefit both UE design and the network scheduler implementation.
As also discussed during the RAN4#94e and RAN4#94bis-e meeting, it is necessary to clarify how to define "maximum transmission power". Referring to TS 38.101-2, each UE has associated power class, which in turn governs maximum TRP and EIRP. On the one hand, emission requirements are defined based on TRP; but on the other hand, EIRP directly translates into the maximum power density that it is more relevant for compliance with the relevant MPE regulation. However, it should be noted that from the viewpoint of the proposed clarification for the preferred maximum UL duty cycle, the distinction between TRP and EIRP in the definition is not critical. If a UE transmits at maximum TRP, it will have maximum EIRP, and vice versa. Thus, it should be enough for the network to know that a certain UL duty cycle value corresponds to the maximum transmission power, either TRP or EIRP. It is of course true that with the maximum EIRP we cannot assume the same power density in all the directions, but this capability does not define any requirements on the direction in which maximum EIRP is achieved. It will be effectively up to the UE implementation to take certain assumptions, e.g. assume the worst-case scenario when the beam always points towards a user, and dimension accordingly the UL duty cycle.  
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We have a slight preference toward defining the capability in terms of maximum TRP and can also compromise to the EIRP-based definition.
Finally, as the maximum UL duty definition is captured in RAN WG2 specifications, we suggest sending LS to introduce the corresponding changes to TS 38.306. Improved definition may look as presented below:
maxUplinkDutyCycle-FR2
Indicates the maximum percentage of symbols during 1s that can be scheduled for uplink transmission at the UE maximum total radiated power so as to ensure compliance with applicable electromagnetic power density exposure requirements provided by regulatory bodies. This field is applicable for all power classes UE in FR2 as specified in TS38.101-2 [3]. Value n15 corresponds to 15%, value n20 corresponds to 20% and so on. If the field is absent or the percentage of uplink symbols transmitted within any 1s evaluation period is larger than maxUplinkDutyCycle-FR2, the UE behaviour is specified in TS38.101-2 [3].
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2.2	Further specification impact in RAN WG4
If proposed changes are agreeable, we also ask RAN WG4 to clarify whether we need to introduce further changes in TS 38.101-2, sub-clause 6.2.4. 
Firstly, there is no definition of maxUplinkDutyCycle-FR2 in TS 38.101-2, but instead a reference to TS 38.306 is used. It is worth checking whether we can keep things as it is or whether some clarifications are needed. 
Secondly, if a UE transmits at the maximum transmission power and the percentage of allocated uplink symbols within any 1s evaluation period exceeds the signalled value, then a UE can apply P-MPR; and that is what a UE will most likely do. At the same time, a UE transmitting at a lower transmission power can be scheduled more frequently and still can meet the regulatory requirements without applying P-MPR. The paragraph below from TS 38.101-2 may give a misleading impression that a UE will always apply P-MPR. 
[bookmark: _Hlk8895418]maxUplinkDutyCycle-FR2, as defined in TS 38.306 [14], is a UE capability to facilitate electromagnetic power density exposure requirements. This UE capability is applicable to all FR2 power classes 
If the field of UE capability maxUplinkDutyCycle-FR2 is present and the percentage of uplink symbols transmitted within any 1 s evaluation period is larger than maxUplinkDutyCycle-FR2, the UE follows the uplink scheduling and can apply P-MPRf,c.

[bookmark: _Toc40169909][bookmark: _Toc40461029]Proposal 3:	Check whether further changes in TS 38.101-2 are needed or it is enough to clarify the definition of maximum UL duty cycle in TS 38.306.


3	Conclusions
In this discussion paper we have presented our concerns for the current definition of the maximum UL duty cycle. As it is not clear which reference transmission power is assumed for reporting the maximum cycle value, it is somewhat ambiguous for both UE and network side how it can be used in the most efficient way.  Thus, we suggest clarifying that the UE maximum transmission power is used a reference point.

Proposal 1:	Clarify that the UE maximum TRP or EIRP (as governed by its power class) is assumed for the definition of the Rel-15 maximum UL duty cycle.
Proposal 2:	Send LS to RAN WG2 asking to introduce further clarifications into the definition of maximum UL duty cycle.
Proposal 3:	Check whether further changes in TS 38.101-2 are needed or it is enough to clarify the definition of maximum UL duty cycle in TS 38.306.
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