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Introduction
Following the agreements reached in RAN #83 on the maxUplinkDutyCycle capability in [1], RAN further revised the corresponding (abbreviated) feature description to the following [2]:

	#
	Feature group
	Components
	Consequences if the feature
 is not supported by the UE
	Type (See R4-17121 19)
	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 {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
	Type 1
	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.

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




The way forward in [1] further includes the following guidance: “RAN4 is asked whether any value  ≤ 10% should be added.”

This paper provides our views on the default value for this capability and on the evaluation of values ≤ 10%.
Discussion
Default value of maxUplinkDutyCycle
During the discussion related to the maxUplinkDutyCycle capability, concerns related to network performance and scheduler complexity have been raised.  These have largely been the arguments which have motivated RAN Plenary to task RAN4 to further study the feasibility of maxUplinkDutyCycle capabilities values which are ≤ 10%.

We first consider scheduler complexity and examine past proposals for TDD slot patterns in the context of REFSENS and demodulation performance work.  In these discussions companies typically select slot patterns based on potential network deployment configurations and seek to find a common configuration which can be used in the conformance test.  Clearly, these patterns do not represent all possible configurations but can be understood to represent a configuration which is commonly considered useful (and implementable, from the scheduler point of view).

Table 1 below summarizes the previously proposed FR2 slot patterns, as captured in [3], and calculates the corresponding duty cycle (DTX).

[bookmark: _Ref4686255]Table 1: Overview of previously proposed FR2 slot patterns
	Reference
	FR2 60 kHz SCS
	DTX (%)
	FR2 120 kHz SCS
	DTX (%)

	[4]
	DDDSU
S format: DL symb = 12, UL symb = 1
	21.4
	DDDDDDSUU
S format: DL symb = 10, UL symb = 2
	23.8

	[5]
	DDDSU
S format: DL symb = 8~10, UL symb = 2
	22.9
	DDDSU
S format: DL symb = 8~10, UL symb = 2
	22.9

	[6]
	DDSU
S format: DL symb = 12, UL symb = 0
	25.0
	DDSU
S format: DL symb = 12, UL symb = 0
	25.0

	[7]
	DSDSU
S format: DL symb = 10, UL symb = 2
	25.7
	DSDSU
S format: DL symb = 10, UL symb = 2
	25.7

	[8]
	DDDSU
S format: not clear
	
	DDDSU
S format: not clear
	

	Agreed for
REFSENS [3]
	DDDSU
S format: DL symb = 10, UL symb = 2
	22.9
	DDDSU
S format: DL symb = 10, UL symb = 2
	22.9



Observation 1: The minimum DTX over all proposed configurations is 21.4%, and the maximum is 25.7%.

Observation 2: Based on the summary of possibly practical slot pattern configurations, a default value for the maxUplinkDutyCycle capability should be in the range of 21.4% and 25.7%.  In terms of the currently defined values in the capability signaling, the possible values are 20% and 25%.

Proposal 1: It is proposed to set the default value for maxUplinkDutyCycle to 25%.

Although it is not our intention to reopen the discussion on the maxUplinkDutyCycle values other than those instructed by RAN Plenary, these observations indicate that values above 25% would be rarely used, if at all, and values above 50% are superfluous.
Feasibility of maxUplinkDutyCycle values ≤ 10%
In order to determine the feasibility of maxUplinkDutyCycle values ≤ 10%, it is useful to identify different scenarios of FR2 deployment, the related network configurations, and to group them into cases.

Case 1: In the case of SA FR2 only (i.e. single-carrier or CA configuration with no FR1 carriers), all uplink control channel and HARQ feedback transmissions must be handled by the FR2 carrier.  Similarly, in the case of EN-DC with a single NR FR2 carrier in a dual connectivity configuration with one or more LTE carriers, uplink control channel and HARQ feedback for the FR2 carrier must be handled over the mmWave link.

For deployments matching Case 1, such as EN-DC with FR2 only, single-carrier FR2, and CA with FR2 only, maxUplinkDutyCycle values lower than 20% are not desired, based on the analysis of TDD slot patterns summarized in [3].

Whether values ≤ 10% are feasible for Case 1, a more careful look into the HARQ timing and scheduling parameters (number of HARQ processes, K0, K1) is needed.  Furthermore, a configuration to feasibly provide CSI-RS reports to the network is essential for FR2 beam management.

Case 2: In the cases of CA configurations between FR1 and FR2 carriers (e.g. FR1+FR2 CA is configured for EN-DC with LTE operation or FR1+FR2 CA is configured for standalone operation), network configuration can take advantage of better uplink propagation characteristics of the FR1 carrier and avoid scheduling uplink control channel and HARQ feedback on the FR2 carrier.  Given the RAN #83 working agreement on aperiodic CSI-RS reporting [9], some network configurations may even enable downlink-only operation over the FR2 carrier.

For deployments matching Case 2, such as FR1+FR2 CA in an EN-DC configuration with LTE or as a standalone CA configuration, maxUplinkDutyCycle values all the way to 0% are theoretically feasible.  However, a UE which signals 0% may represent undefined behavior from the network point of view, since the UE must comply with Tx requirements in 38.101-2.  Thus, non-zero values should be considered.  Given that the analysis in [10] provided a compelling reason from the exposure limit compliance point of view, the values originally proposed by RAN4 (2% and 10%) can be retained.

Proposal 2: For deployments matching Case 1, such as EN-DC with FR2 only, single-carrier FR2, and CA with FR2 only, feasible configurations of HARQ timing and scheduling parameters and CSI-RS reporting need to be identified to determine the feasibility of maxUplinkDutyCycle ≤ 10%.

Proposal 3: For deployments matching Case 2, such as FR1+FR2 CA in an EN-DC configuration with LTE or as a standalone CA configuration, maxUplinkDutyCycle capability values of 2% and 10% can be retained.

Proposal 4: Given the relationship between the band combination configuration and, potentially, some values of the maxUplinkDutyCycle capability, RAN4 should consider whether to define this capability per band per band combination.
Conclusions
Based on the analysis provided in this paper, the following observations and proposals can be made:

Observation 1: The minimum DTX over all proposed configurations is 21.4%, and the maximum is 25.7%.

Observation 2: Based on the summary of possibly practical slot pattern configurations, a default value for the maxUplinkDutyCycle capability should be in the range of 21.4% and 25.7%.  In terms of the currently defined values in the capability signaling, the possible values are 20% and 25%.

Proposal 1: It is proposed to set the default value for maxUplinkDutyCycle to 25%.

Proposal 2: For deployments matching Case 1, such as EN-DC with FR2 only, single-carrier FR2, and CA with FR2 only, feasible configurations of HARQ timing and scheduling parameters and CSI-RS reporting need to be identified to determine the feasibility of maxUplinkDutyCycle ≤ 10%.

Proposal 3: For deployments matching Case 2, such as FR1+FR2 CA in an EN-DC configuration with LTE or as a standalone CA configuration, maxUplinkDutyCycle capability values of 2% and 10% can be retained.

Proposal 4: Given the relationship between the band combination configuration and, potentially, some values of the maxUplinkDutyCycle capability, RAN4 should consider whether to define this capability per band per band combination.
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