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Introduction
In this paper, we’d like to discuss two remaining issues in UE Assistance Information: first, power saving UE assistance information should be cell group specific; second, reducedCCsDL/UL should be FR specific. 
Discussion
CG specific UE assistance for power saving 
In RAN2#108, it was agreed that
· Rel-16 UE assistance for power saving follow the same procedure as that for Rel-15 UE overheating indication (in power saving session)
· Rel-15 UE overheating indication is always sent to RRC entity in MN (in main session).
We think the agreement on overheating indication is fine, because parameters included in Rel-15 overheating indication (e.g. aggregated maximum bandwidth or number of CCs) are defined per UE. This level of control is good enough, because typically when overheating occurs, the whole chip, instead of a specific transceiver alone, is having thermal issue. It is more effective for network to address the issue in both cell groups at the same time.
However, we think procedure for UE assistance for power saving should be different from overheating, because in many scenarios power saving may be relevant only to a specific cell group. 
For example, if different cell groups in EN-DC carry different types of traffic, then UE may prefer to use different lengths of DRX cycle to maximize power savings. Or, in case of NR-DC, UE may prefer to have much shorter on duration timer and DRX inactivity timer in the FR2 based cell group, because FR2 cells consume much more power than FR1 cells. Similarly, depend on traffic load, UE may have a particular preference on maximum aggregated bandwidth or number of carriers or maximum MIMO layers for a cell group. For example, in EN-DC configuration, in the case where a large data burst is gone but traffic is still active, UE may prefer to keep its current LTE configuration but significantly reduce radio resources in its NR cells. 
Observation 1. Unlike overheating indication, UE assistance for preferred DRX configuration and SCell configurations are relevant only to a specific cell group.
In all the above examples, we can see that it is necessary and beneficial for UE to indicate its power saving preference specific to a cell group. But the current UE Assistance Information IE does not have the necessary field(s) to support that. Therefore, we propose that
Proposal 1. 	UE can indicate its preference for cDRX, SCell, aggregated maximum bandwidth, and max MIMO layer per cell-group in UE Assistance Information.
FR specific preferred number of carriers
In the current maxCC-Preference-r16 IE, the preferred number of carriers is per UE, largely because it was inherited from Rel-15 Overheating Indication IE. This is fine for overheating indication, for the same reason explained in the last paragraph. However, for power saving preference, it is useful and necessary for UE to be able to indicate its preferred number of carriers per frequency range. Preferred aggregated bandwidth per FR can’t fully replace the purpose of preferred number of carriers per UE, because even given these three values (FR1 bandwidth, FR2 bandwidth, number of carriers), it is still possible to have combinations of carriers on FR1 and FR2. We therefore propose that preferred number of carriers should be per FR.
Proposal 2. UE can indicate its preferred number of carriers in each frequency range.               
A text proposal based on the above Proposal 1 is provided in the Annex.
Proposal 3. 	Adopt the text proposal provided in the Annex.
Conclusion
Based on the above discussion, we recommend RAN2 to discuss and adopt the following proposals: 
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Proposal 1. 	UE can indicate its preference for cDRX, SCell, aggregated maximum bandwidth, and max MIMO layer per cell-group in UE Assistance Information.
Proposal 2. 	UE can indicate its preferred number of carriers in each frequency range.               
Proposal 3. 	Adopt the text proposal provided in the Annex.
Annex – text proposal for TS38.331
Note: The baseline of the text proposal is from the running CR agreed at the end of Phase 1 email discussion NR108#39.
· UEAssistanceInformation
The UEAssistanceInformation message is used for the indication of UE assistance information to the network.
Signalling radio bearer: SRB1
RLC-SAP: AM
Logical channel: DCCH
Direction: UE to Network
UEAssistanceInformation message
-- ASN1START
-- TAG-UEASSISTANCEINFORMATION-START

UEAssistanceInformation ::=         SEQUENCE {
    criticalExtensions                  CHOICE {
        ueAssistanceInformation             UEAssistanceInformation-IEs,
        criticalExtensionsFuture            SEQUENCE {}
    }
}

UEAssistanceInformation-IEs ::=     SEQUENCE {
    delayBudgetReport                   DelayBudgetReport                   OPTIONAL,
    lateNonCriticalExtension            OCTET STRING                        OPTIONAL,
    nonCriticalExtension                UEAssistanceInformation-v1540-IEs   OPTIONAL
}

DelayBudgetReport::=                CHOICE {
    type1                               ENUMERATED {
                                            msMinus1280, msMinus640, msMinus320, msMinus160,msMinus80, msMinus60, msMinus40,
                                            msMinus20, ms0, ms20,ms40, ms60, ms80, ms160, ms320, ms640, ms1280},
    ...
}

UEAssistanceInformation-v1540-IEs ::= SEQUENCE {
    overheatingAssistance               OverheatingAssistance               OPTIONAL,
    nonCriticalExtension                UEAssistanceInformation-v16xx-IEs   OPTIONAL
}

UEAssistanceInformation-v16xx-IEs ::= SEQUENCE {
    drx-Preference-r16                  DRX-Preference-r16                  OPTIONAL,
    maxBW-Preference-r16                MaxBW-Preference-r16                OPTIONAL,
    maxCC-Preference-r16                MaxCC-Preference-r16                OPTIONAL,
    maxMIMO-LayerPreference-r16         MaxMIMO-LayerPreference-r16         OPTIONAL,
    minSchedulingOffsetPreference-r16   MinSchedulingOffsetPreference-r16   OPTIONAL,
    releaseRequest-r16                  ReleaseRequest-r16                  OPTIONAL,
    nonCriticalExtension                SEQUENCE {}                         OPTIONAL
}

OverheatingAssistance ::=           SEQUENCE {
    reducedMaxCCs                       SEQUENCE {
        reducedCCsDL                        INTEGER (0..31),
        reducedCCsUL                        INTEGER (0..31)
    } OPTIONAL,
    reducedMaxBW-FR1                    SEQUENCE {
        reducedBW-FR1-DL                    ReducedAggregatedBandwidth,
        reducedBW-FR1-UL                    ReducedAggregatedBandwidth
    } OPTIONAL,
    reducedMaxBW-FR2                    SEQUENCE {
        reducedBW-FR2-DL                    ReducedAggregatedBandwidth,
        reducedBW-FR2-UL                    ReducedAggregatedBandwidth
    } OPTIONAL,
    reducedMaxMIMO-LayersFR1            SEQUENCE {
        reducedMIMO-LayersFR1-DL            MIMO-LayersDL,
        reducedMIMO-LayersFR1-UL            MIMO-LayersUL
    } OPTIONAL,
    reducedMaxMIMO-LayersFR2            SEQUENCE {
        reducedMIMO-LayersFR2-DL            MIMO-LayersDL,
        reducedMIMO-LayersFR2-UL            MIMO-LayersUL
    } OPTIONAL
}

ReducedAggregatedBandwidth ::= ENUMERATED {mhz0, mhz10, mhz20, mhz30, mhz40, mhz50, mhz60, mhz80, mhz100, mhz200, mhz300, mhz400}

DRX-Preference-r16 ::=              SEQUENCE {
	cellGroup							ENUMERATED {MCG, SCG}				OPTIONAL,
    preferredDRX-InactivityTimer-r16    ENUMERATED {
                                            ms0, ms1, ms2, ms3, ms4, ms5, ms6, ms8, ms10, ms20, ms30, ms40, ms50, ms60, ms80,
                                            ms100, ms200, ms300, ms500, ms750, ms1280, ms1920, ms2560, spare9, spare8,
                                            spare7, spare6, spare5, spare4, spare3, spare2, spare1},
    preferredDRX-LongCycle-r16          ENUMERATED {
                                            ms10, ms20, ms32, ms40, ms60, ms64, ms70, ms80, ms128, ms160, ms256, ms320, ms512,
                                            ms640, ms1024, ms1280, ms2048, ms2560, ms5120, ms10240, spare12, spare11, spare10,
                                            spare9, spare8, spare7, spare6, spare5, spare4, spare3, spare2, spare1 },
    preferredDRX-ShortCycle-r16         ENUMERATED {
                                            ms2, ms3, ms4, ms5, ms6, ms7, ms8, ms10, ms14, ms16, ms20, ms30, ms32,
                                            ms35, ms40, ms64, ms80, ms128, ms160, ms256, ms320, ms512, ms640, spare9,
                                            spare8, spare7, spare6, spare5, spare4, spare3, spare2, spare1 },
    preferredDRX-ShortCycleTimer-r16    INTEGER (1..16),
    nonCriticalExtension                SEQUENCE {}                         OPTIONAL
}

MaxBW-Preference-r16 ::=            SEQUENCE {
	cellGroup							ENUMERATED {MCG, SCG}				OPTIONAL,
    reducedMaxBW-FR1-r16                SEQUENCE {
        reducedBW-FR1-DL-r16                ReducedAggregatedBandwidth,
        reducedBW-FR1-UL-r16                ReducedAggregatedBandwidth
    } OPTIONAL,
    reducedMaxBW-FR2-r16                SEQUENCE {
        reducedBW-FR2-DL-r16                ReducedAggregatedBandwidth,
        reducedBW-FR2-UL-r16                ReducedAggregatedBandwidth
    } OPTIONAL,
    nonCriticalExtension                SEQUENCE {}                         OPTIONAL
}

MaxCC-Preference-r16 ::=            SEQUENCE {
	cellGroup							ENUMERATED {MCG, SCG}				OPTIONAL,
	reducedCCs-FR1-r16					SEQUENCE {
		reducedCCs-FR1-DL-r16			INTEGER (0..31),
		reducedCCs-FR1-UL-r16			INTEGER (0..31)
	} OPTIONAL,
	reducedCCs-FR2-r16					SEQUENCE {
		reducedCCs-FR2-DL-r16			INTEGER (0..31),
		reducedCCs-FR2-UL-r16			INTEGER (0..31)
	} OPTIONAL,
	nonCriticalExtension                SEQUENCE {}                         OPTIONAL
    reducedCCsDL-r16                    INTEGER (0..31),
    reducedCCsUL-r16                    INTEGER (0..31)
}

MaxMIMO-LayerPreference-r16 ::=     SEQUENCE {
	cellGroup							ENUMERATED {MCG, SCG}				OPTIONAL,
    reducedMaxMIMO-LayersFR1-r16        SEQUENCE {
        reducedMIMO-LayersFR1-DL-r16        MIMO-LayersDL,
        reducedMIMO-LayersFR1-UL-r16        MIMO-LayersUL
    } OPTIONAL,
    reducedMaxMIMO-LayersFR2-r16        SEQUENCE {
        reducedMIMO-LayersFR2-DL-r16        MIMO-LayersDL,
        reducedMIMO-LayersFR2-UL-r16        MIMO-LayersUL
    } OPTIONAL,
    nonCriticalExtension                SEQUENCE {}                         OPTIONAL
}

MinSchedulingOffsetPreference-r16 ::= SEQUENCE {
    preferredK0                           SEQUENCE {
        preferredK0-SCS-15kHz                 ENUMERATED {sl1, sl2, sl4, sl6},
        preferredK0-SCS-30kHz                 ENUMERATED {sl1, sl2, sl4, sl6},
        preferredK0-SCS-60kHz                 ENUMERATED {sl2, sl4, sl8, sl12},
        preferredK0-SCS-120kHz                ENUMERATED {sl2, sl4, sl8, sl12}
    },
    preferredK2                           SEQUENCE {
        preferredK2-SCS-15kHz                 ENUMERATED {sl1, sl2, sl4, sl6},
        preferredK2-SCS-30kHz                 ENUMERATED {sl1, sl2, sl4, sl6},
        preferredK2-SCS-60kHz                 ENUMERATED {sl2, sl4, sl8, sl12},
        preferredK2-SCS-120kHz                ENUMERATED {sl2, sl4, sl8, sl12}
    },
    nonCriticalExtension                  SEQUENCE {}                         OPTIONAL
}

ReleaseRequest-r16 ::=              SEQUENCE {
    preferredRRC-State-r16              ENUMERATED {idle, inactive, connected} OPTIONAL,
    nonCriticalExtension                SEQUENCE {}                            OPTIONAL
}

-- TAG-UEASSISTANCEINFORMATION-STOP
-- ASN1STOP
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