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1 Introduction
This paper discusses about introducing maxUplinkDutyCycle for ENDC HPUE.
2 Discussion
HPUE (PC2) was introduced in Rel-15 for n41, n77, n78 and n79 as an optional feature. In order to avoid HPUE exceeding SAR regulation requirements, the maxUplinkDutyCycle was introduced in RAN4 spec and informed RAN2 by LS R4-1805786 as copied below [1]. In the LS, it clearly says maxUplinkDutyCycle is a per band capability.
	RAN4 has discussed how to solve the potential SAR (Specific Absorption Rate) issue for FR1 power class 2 UE on Band n41 n77 n78 n79.

It is agreed to introduce a UE capability of maxUplinkDutyCycle which indicates the maximum percentage of uplink transmission time that can be scheduled within [TBD]ms to ensure compliance with applicable electromagnetic energy absorption requirements provided by regulatory bodies.

For a FR1 power class 2 capable UE operating on Band n41 n77 n78 n79, when the percentage of uplink transmission time scheduled by the network within an evaluation period [TBD]ms is larger than its capability, i.e., maxUplinkDutyCycle, the requirements for FR1 power class 2 are not applicable, and the corresponding requirements for a FR1 power class 3 UE shall apply.

The capability of maxUplinkDutyCycle is reported by UE as a per band capability. The granularity is 10%. For FR1 power class2 UE, the minimum value is 50%, and if the capability is absent, 50% shall be applied. The detailed signalling design is up to RAN2.


In RAN2#103 meeting, the maxUplinkDutyCycle signaling was added into ASN.1 as per-band capability [3][4].
-- ASN1START

-- TAG-RF-PARAMETERS-START
BandNR ::=
SEQUENCE {


bandNR






FreqBandIndicatorNR,

modifiedMPR-Behaviour


BIT STRING (SIZE (8))





OPTIONAL,


...，

[[
maxUplinkDutyCycle


ENUMERATED {n50, n60, n70, n80, n90}

OPTIONAL


]]
}
In RAN4, power class 2 also was introduced for n41 intra-band contiguous and non-contiguous EN-DC in TS38.101-3, as can be seen below, which also need to solve SAR issue. 
Table 6.2B.1.1-1: Maximum output power for EN-DC (continuous sub-blocks)

	DC configuration
	Power class 2 (dBm)
	Tolerance

(dB)
	Power class 3

(dBm)
	Tolerance

(dB)

	DC_(n)71B
	
	
	23
	+2/-3

	DC_(n)41AA
	26
	+2/-21
	23
	+2/-21


Table 6.2B.1.2-1: Maximum output power for EN-DC (non-continuous sub-blocks)

	DC configuration
	Power class 2

(dBm)
	Tolerance

(dB)
	Power class 3

(dBm)
	Tolerance

(dB)

	DC_3A_n3A(2)
	
	
	23
	+2/-3

	DC_41A_n41A
	26
	+2/-21
	23
	+2/-21


In RAN2, power class 2 was supported in band combinations in TS38.331 as below.

-- ASN1START

-- TAG-BANDCOMBINATIONLIST-START

BandCombinationList ::=


SEQUENCE (SIZE (1..maxBandComb)) OF BandCombination

BandCombination ::= 



SEQUENCE {


bandList





SEQUENCE (SIZE (1..maxSimultaneousBands)) OF BandParameters,


featureSetCombination



FeatureSetCombinationId,


...，

powerClass-v15xy




ENUMERATED {pc2}




OPTIONAL
}

-- TAG-BANDCOMBINATIONLIST-STOP

-- ASN1STOP

Based on the discussion in single band NR HPUE, the maxUplinkDutyCycle mechanism potentially can be reused in EN-DC HPUE. One difference is that LTE and NR are simultaneously transmission in EN-DC HPUE and how to define the maxUplinkDutyCycle need to be investigated.
Currently, the EN-DC HPUE is restricted to intra-band contiguous or non-contiguous scenario. From UE design perspective, most likely LTE and NR will use the same antennas. SAR effects is expected to be same for LTE and NR when the power is same.
For single band NR HPUE, the maxUplinkDutyCycle defined is related to the 26dBm maximum output power. If UL duty cycle scheduled for HPUE exceeds the maxUplinkDutyCycle then UE is allowed to do maximum power or power class back off to avoid SAR problem.

With similar logic, maxUplinkDutyCycle can also be defined for intra-band EN-DC HPUE with LTE and NR transmit both at 23dBm. And the averaged UL duty cycle scheduled for LTE and NR should not exceed this maxUplinkDutyCycle capability.
Based on the above analysis, it is proposed to add UL duty cycle restrictions to intra-band EN-DC HPUE. The corresponding CR is [6], and the maxUplinkDutyCycle UE capability in RAN2 needs to be added to EN-DC band combinations.
Proposal 1: Introduce maxUplinkDutyCycle mechanism to solve EN-DC HPUE SAR issue, and inform RAN2 to extend maxUplinkDutyCycle UE capability to EN-DC band combinations.
Proposal 2: Introduce following texts to TS38.101-3 intra-band EN-DC HPUE sections.

	-
if the field of EN-DC UE capability maxUplinkDutyCycle is absent and the averaged LTE and NR percentage of uplink symbols transmitted in a certain evaluation period is larger than 50%  (The exact evaluation period is no less than one radio frame); or

-
if the field of EN-DC UE capability maxUplinkDutyCycle is present and the averaged LTE and NR percentage of uplink symbols transmitted in a certain evaluation period is larger than maxUplinkDutyCycle as defined in TS 38.331 (The exact evaluation period is no less than one radio frame); or

…

-
apply all requirements for the default power class and set the configured transmitted power as specified in sub-clause 6.2B.4;


3 Conclusion
In order to solve intra-band EN-DC HPUE SAR issue, maxUplinkDutyCycle mechanism can be reused.
Proposal 1: Introduce maxUplinkDutyCycle mechanism to solve EN-DC HPUE SAR issue, and inform RAN2 to extend maxUplinkDutyCycle UE capability to EN-DC band combinations.
Proposal 2: Introduce following texts to TS38.101-3 intra-band EN-DC HPUE sections.
	-
if the field of EN-DC UE capability maxUplinkDutyCycle is absent and the averaged LTE and NR percentage of uplink symbols transmitted in a certain evaluation period is larger than 50%  (The exact evaluation period is no less than one radio frame); or

-
if the field of EN-DC UE capability maxUplinkDutyCycle is present and the averaged LTE and NR percentage of uplink symbols transmitted in a certain evaluation period is larger than maxUplinkDutyCycle as defined in TS 38.331 (The exact evaluation period is no less than one radio frame); or

…

-
apply all requirements for the default power class and set the configured transmitted power as specified in sub-clause 6.2B.4;
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