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1	Introduction
RAN4 has sent the LS R4-2114933  to RAN2 to request introduction of new capabilities of PC2 UL duty cycle for 1) inter-band CA and 2) SUL. In this contribution we illustrate the required signalling for these. 
2	Uplink duty cycle for PC2 
2.1	Existing duty cycle signalling for PC2
There already exist some duty cycle parameters for PC2, as shown by below descriptions excerpted from 38.331 and 38.306:
· BandNR::maxUplinkDutyCycle-PC2-FR1 (per-band, FR1-only optional capability)
    maxUplinkDutyCycle-PC2-FR1                  ENUMERATED {n60, n70, n80, n90, n100}   OPTIONAL
· Indicates the maximum percentage of symbols during a certain evaluation period that can be scheduled for uplink transmission so as to ensure compliance with applicable electromagnetic energy absorption requirements provided by regulatory bodies. This field is only applicable for FR1 power class 2 UE as specified in clause 6.2.1 of TS 38.101-1 [2]. If the field is absent, 50% shall be applied. Value n60 corresponds to 60%, value n70 corresponds to 70% and so on. This capability is not applicable to IAB-MT.
· MRDC-Parameters:: maxUplinkDutyCycle-interBandENDC-TDD-PC2-r16 (per-BC, FR1-only optional TDD capability)
    maxUplinkDutyCycle-interBandENDC-TDD-PC2-r16    SEQUENCE{
        eutra-TDD-Config0-r16    ENUMERATED {n20, n40, n50, n60, n70, n80, n90, n100}    OPTIONAL,
        eutra-TDD-Config1-r16    ENUMERATED {n20, n40, n50, n60, n70, n80, n90, n100}    OPTIONAL,
        eutra-TDD-Config2-r16    ENUMERATED {n20, n40, n50, n60, n70, n80, n90, n100}    OPTIONAL,
        eutra-TDD-Config3-r16    ENUMERATED {n20, n40, n50, n60, n70, n80, n90, n100}    OPTIONAL,
        eutra-TDD-Config4-r16    ENUMERATED {n20, n40, n50, n60, n70, n80, n90, n100}    OPTIONAL,
        eutra-TDD-Config5-r16    ENUMERATED {n20, n40, n50, n60, n70, n80, n90, n100}    OPTIONAL,
        eutra-TDD-Config6-r16    ENUMERATED {n20, n40, n50, n60, n70, n80, n90, n100}    OPTIONAL
    }                                                                                    OPTIONAL,
· Indicates the maximum percentage of symbols during a certain evaluation period that can be scheduled for NR uplink transmission under different EUTRA TDD uplink-downlink configurations so as to ensure compliance with applicable electromagnetic energy absorption requirements provided by regulatory bodies. This field is only applicable for inter-band TDD+TDD EN-DC power class 2 UE as specified in TS 38.101-3 [4]. If the field is absent, 30% shall be applied to all EUTRA TDD uplink-downlink configurations. If eutra-TDD-Configx is absent, 30% shall be applied to the corresponding EUTRA TDD uplink-downlink configuration.
· Value n20 corresponds to 20%, value n40 corresponds to 40% and so on.
· MRDC-Parameters:: maxUplinkDutyCycle-interBandENDC-FDD-PC2-r16 (per-BC, FR1-only optional capability)
    -- R4 2-20 Maximum uplink duty cycle for FDD+TDD EN-DC power class 2
    maxUplinkDutyCycle-interBandENDC-FDD-TDD-PC2-r16  SEQUENCE {
        maxUplinkDutyCycle-FDD-TDD-EN-DC1-r16             ENUMERATED {n30, n40, n50, n60, n70, n80, n90, n100}    OPTIONAL,
        maxUplinkDutyCycle-FDD-TDD-EN-DC2-r16             ENUMERATED {n30, n40, n50, n60, n70, n80, n90, n100}    OPTIONAL
    }                                                                                                             OPTIONAL,
· Indicates the maximum percentage of symbols during a certain evaluation period that can be scheduled for NR uplink transmission and EUTRA FDD uplink transmission so as to ensure compliance with applicable electromagnetic energy absorption requirements provided by regulatory bodies. This field is only applicable for inter-band FDD+TDD EN-DC power class 2 UE as specified in TS 38.101-3 [4]. This capability signalling comprises of maxUplinkDutyCycle-FDD-TDD-EN-DC1 and maxUplinkDutyCycle-FDD-TDD-EN-DC2 which indicate the maxUplinkDutyCycle capability of NR band corresponding to different LTE reference configurations as described in TS 38.101-3 [4], clause 6.2B.1.3. Value n30 corresponds to 30%, value n40 corresponds to 40% and so on.
Observation 1: The existing per-band PC2 duty cycle signalling (introduced in Rel-15) is similar to what RAN4 requested for inter-band CA and SUL for Rel-17.
2.2	Inter-band CA and SUL capabilities
The inter-band CA and SUL capabilities requested by RAN4 are optional capabilities for CA combinations listed in table 6.2A.1.3-1 in 38101-1 (for inter-band CA) and the average percentage of uplink symbols is specified in 6.2C.1 in 38101-1 and the capability applies to all the SUL configurations with 1 SUL band + 1 TDD (for SUL). Since both are intended for NR CA cases, the most natural place for their introduction seem to be within CA-ParametersNR. 
Proposal 1: Introduce the new duty cycle capabilities within CA-ParametersNR in Rel-17 RRC.
Both capabilities also use the same value range, but which matches to no existing value ranges used by the duty cycle parameters. As there are two capabilities with the same value range, it seems reasonable to introduce an IE for the value range as well. This is shown in the below ASN.1 example.
CA-ParametersNR-v1670 ::= SEQUENCE {
    maxUplinkDutyCycle-interBandCA-PC2-r17      UL-DutyCycle-r17   OPTIONAL,
    maxUplinkDutyCycle-SULcombination-PC2-r17   UL-DutyCycle-r17   OPTIONAL
}

UL-DutyCycle-r17 ::= ENUMERATED {n50, n60, n70, n80, n90, n100}


Naturally, these still need to be introduced to the BandCombinationList as well as shown below:
BandCombinationList-v1670 ::=       SEQUENCE (SIZE (1..maxBandComb)) OF BandCombination-v1670
BandCombinationList-UplinkTxSwitch-v1670 ::= SEQUENCE (SIZE (1..maxBandComb)) OF BandCombination-v1670

BandCombination-v1670 ::=          SEQUENCE {
    ca-Parameters-v1670                     CA-Parameters-v1670    OPTIONAL
}

RF-Parameters ::=                                   SEQUENCE {
    supportedBandListNR                                 SEQUENCE (SIZE (1..maxBands)) OF BandNR,
    supportedBandCombinationList                        BandCombinationList                         OPTIONAL,
    appliedFreqBandListFilter                           FreqBandList                                OPTIONAL,
    ...,
<UNNECESSARY PARTS OMITTED>
    [[
    supportedBandCombinationList-v1670                  BandCombinationList-v1670                   OPTIONAL,
    supportedBandCombinationList-UplinkTxSwitch-v1670   BandCombinationList-UplinkTxSwitch-v1670    OPTIONAL
    ]]
}

The field descriptions of these capabilities were given directly by RAN4, so they can be adopted as they are:
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	maxUplinkDutyCycle-interBandCA-PC2-r17
The maxUplinkDutyCycle-interBandCA-PC2 capability indicates the maximum average percentage of symbols during a certain evaluation period that can be scheduled for uplink transmission so as to ensure compliance with applicable electromagnetic energy absorption requirements provided by regulatory bodies. The average percentage of uplink symbols is specified in sub-clause 6.2A.1.3 in TS38101-1 [2] and the capability applies to the CA combinations listed in table 6.2A.1.3-1 in 38101-1 [2]. If the field is absent, UE shall work on power class 2 regardless of UL duty cycle and may use P-MPRc as defined in sub-clause 6.2.4 of TS38101-1 [2]. The value n50 corresponds to 50%, value n60 corresponds to 60%  and so on.
	BC
	No
	N/A
	FR1 only

	maxUplinkDutyCycle-interBandCA-PC2-r17
The maxUplinkDutyCycle-SULcombination-PC2 capability indicates the maximum average percentage of symbols during a certain evaluation period that can be scheduled for uplink transmission so as to ensure compliance with applicable electromagnetic energy absorption requirements provided by regulatory bodies. The average percentage of uplink symbols is specified in sub-clause 6.2C.1 of TS38101-1 [2] and the capability applies to all the SUL configurations with 1 SUL band + 1 TDD band. If the field is absent, UE shall work on power class 2 regardless of UL duty cycle and may use P-MPRc as defined in sub-clause 6.2.4 of TS38101-1 [2]. The value n50 corresponds to 50%, value n60 corresponds to 60%  and so on.
	BC
	No
	N/A
	FR1 only



As can be seen, these seem rather straightforward and can be easily adopted as soon as the Rel-17 specifications are available (which is expected to be in March 2022).
Observation 2: The introduction of the new duty cycle capabilities for PC2 requires Rel-17 specifications to be created, which is expected to happen in March 2022. 
Proposal 2: Agree to the above capability descriptions for the new PC2 duty cycle capabilities and introduce them to Rel-17 specifications in March 2022.
3	Conclusion
This document has made the following observations:
Observation 1: The existing per-band PC2 duty cycle signalling (introduced in Rel-15) is similar to what RAN4 requested for inter-band CA and SUL for Rel-17.
Observation 2: The introduction of the new duty cycle capabilities for PC2 requires Rel-17 specifications to be created, which is expected to happen in March 2022. 
And proposed the following:
Proposal 1: Introduce the new duty cycle capabilities within CA-ParametersNR in Rel-17 RRC.
Proposal 2: Agree to the above capability descriptions for the new PC2 duty cycle capabilities and introduce them to Rel-17 specifications in March 2022.




