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Introduction
RAN4#90 in February 2019 agreed on a new feature on maximum UL duty cycle and liaised it to RAN1 [1]:
	#
	Feature group
	Components
	Consequences if the feature is not supported by the UE
	Need of FR1/FR2 differentiation
	Remarks
	Recommendation for TSG-RAN

	[bookmark: _Hlk4521661]2-16
	Maximum uplink duty cycle for FR2 power class 3 UE
	1) Maximum percentage of uplink transmission time that can be scheduled within 1s time window in order to ensure compliance with applicable electromagnetic energy absorption requirements provided by regulatory bodies. The value range is {2%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%}. 
	UE relies on the power back off as in TS38.101-2 to ensure the regulatory compliance
	Applicable only to FR2 
	Per band capability.
Default value is FFS
[bookmark: _Hlk4521722]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.
	Mandatory to report non-default uplink duty cycle if UE supports




Further RAN#83 in March 2019 endorsed a way forward for the capability that had slight modifications to the capability, and tasked RAN2 to evaluate backwards compatibility [2]:
	· RAN#83 has discussed RAN4’s agreement on FR2 maxUplinkDutyCycle capability values for PC3 UE in [1]. 
· RAN would like to inform RAN4 and RAN2 that it has updated the FR2 maxUplinkDutyCycle capability values as follows {2%, 10% (TBD), 20%, 25%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%} 
· RAN4 is asked whether any value ≤ 10% should be added
· RAN asks 
· RAN2 to introduce FR2 maxUplinkDutyCycle capability signalling accordingly
· RAN2 to evaluate backwards compatibility



This was also captured in the RAN#83 update to the RAN4 feature list [3]:
	#
	Feature group
	Components
	Consequences if the feature is not supported by the UE
	Need of FR1/FR2 differentiation
	Remarks
	TSG-RAN decision

	2-16
	Maximum uplink duty cycle for FR2 power class 3 UE
	1) Maximum percentage of uplink transmission time that can be scheduled within 1s time window in order to ensure compliance with applicable electromagnetic energy absorption requirements provided by regulatory bodies. The value range is {2%, 10% (TBD), 20%, 25%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%}. 
	UE relies on the power back off as in TS38.101-2 to ensure the regulatory compliance
	Applicable only to FR2 
	Per band capability.
Default value is FFS
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.

[bookmark: _Hlk4749436]Note: RAN4 is asked whether any value <=10% should be added.
	Mandatory to report non-default uplink duty cycle if UE supports





Related to the above, RAN4 liaised RAN1 under a Rel-16 MIMO enhancements WI with the following [4]:
	RAN4 has discussed FR2 RF Exposure issues and would like to share the situation in RAN4. Two methods were introduced during Rel-15 in the specification to enable the UE to comply with regulatory exposure limits, one is P-MPR, the other is maxUplinkDutyCycle capability. For some UE implementation, the needed back off to comply with RF exposure regulation could be large.



As the development is recent, RAN2 is yet to introduce the new capability or conduct the backwards compatibility evaluation.
Discussion
The new maxUplinkDutyCycle capability is both insufficient and problematic.
The current RAN4 request for the new capability signalling is an attempt to define functionality through capability, while falling short of determining what the UE, and respectively the network behaviour is expected to be. If the UE capability allows for a larger UL duty cycle than is used for a TDD pattern used by the network, issues do not arise as the network would never schedule more UL than the UE is capable of. However, if the UE is not capable of the TDD pattern’s UL duty cycle, it is both unclear what the behaviour is expected to be, and even if it were, it would be insufficient to try and specify the behaviour through UE capabilities rather than providing a functional specification.
The RAN4-proposed definition does not define the time-location of the “1s time window”, so it is not possible for the scheduler to know when to stop scheduling the uplink, and when it can start again and can expect the UE to react to scheduling. It also fails to define what the UE does if it is scheduled to transmit more uplink within the observation window than it is capability indicates. What’s even more troublesome is that the UE’s uplink feedback (HARQ-ACK, CSI, SRS) may well keep every UL opportunity occupied even if there is no data scheduled in the uplink – this is not clear.
· Maximum percentage of uplink transmission time that can be scheduled within 1s time window in order to ensure compliance with applicable electromagnetic energy absorption requirements provided by regulatory bodies. 
· The value range is {10% (TBD), 20%, 25%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%}
· Note: RAN4 is asked whether any value <=10% should be added.
· 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
Hence the definition is insufficient as still leaves open where the time window boundaries are, as well as what the UE is supposed to do when the duty cycle is exceeded within the time window.
The suggested “UE could do power back off” that is to be applied if the UL is scheduled more than the indicated UL duty cycle appears to either mean 
· Interpretation 1: If the UL transmission was not at maximum Tx power, and thus reduced max Tx power on the remainder of the UL slots still complies with the indicated duty cycle. 
· Interpretation 2: The capability indicates a true on/off duty cycle as the name implies, and the “power back off” must mean “no transmission” for those uplink slots within the observation window that would be otherwise transmitted after the window’s uplink budget indicated by the UE capability is exceeded.
Assume e.g. a reference TDD pattern repeating every 5 slots as D-D-D-S-U, where the switching slot consists of 10 DL symbols, 2 symbols reserved for switching gap and 2 symbols for UL. This yields an UL duty-cycle of ~23%, leading to:
· UEs with ≥ 25% duty cycle can operate without system impact and dedicated scheduler actions. 
· UEs with 20% duty cycle would need to avoid using the UL portion of the switching slot or truncate the UL slot to 12 symbols somehow. Or ensure that a portion of the ‘U’ slots within “a certain observation window” are not scheduled or transmit long PUCCH.  
· UEs with 10% duty cycle (if allowed) would mean that e.g. only every second UL portion could be used and that only partially, either calling for a dedicated scheduler implementation or >50% packet loss rate for both uplink and downlink (loss of HARQ-ACK feedback)
· If duty cycle <10% would be allowed, the abovementioned problems would be further amplified.
Naturally the abovementioned problems would become more severe with more uplink-heavy TDD patterns. E.g. a 2% UE that was proposed in RAN4 LS would not be able to transmit more than 1 symbol on the D-D-D-S-U TDD pattern in each cycle essentially blocking the link.
Observation 1: The requested new UE capability is unclear and requires specification work 
Observation 2: Low UL duty cycle capabilities (below 25%) appear to create problems even with DL heavy TDD patterns and would require specific gNB implementation to mitigate the impact.

It is important to note that when RAN4 agreed to introduce the UL duty cycle, there was another accompanying agreement made [5]: “This % does not affect basestation scheduler. That clarification is captured in the next meeting.”. 
Without too much analysis, it should be clear that this agreement can only hold if the UE’s UL duty cycle capability is larger than the TDD pattern’s UL duty cycle, or a specific power-back off behavior that allows for reducing the max Tx power as a function of actually transmitted power within a well-specified observation window is defined. Still with the latter there would be negative implications when the UE operated at full power as then the duty cycle still becomes a hard on/off duty cycle and power back-off would lead to packet dropping. It does appear that RAN4 did not consider these aspects.
Observation 3: The agreement that the requested new UE capability does not affect base station scheduler seems to be conflicting with the capability definition that seems to have drastic impact to the system unless scheduler mitigates them.

Proposal:
Send an LS to RAN4 requesting a more detailed definition of the following
· How is the “certain evaluation period” defined 
· What is the UE behavior if more uplink is scheduled within “certain evaluation period”
· Does the UE operate on a symbol level, slot level on some other level when evaluating whether or not to transmit due to UL duty cycle limitation
And request RAN4 to further explain how the UL duty cycle limitation % does not affect the gNB scheduler implementation and the way the uplink control channels need to be configured
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