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1	Introduction
This paper discusses one of the remaining issues for accurate reference time delivery, which is how to determine the need for accurate reference time delivery to the UE in RAN.

2	Discussion
For UEs in RRC_INACTIVE and RRC_IDLE modes, on demand SI delivery can be requested and similar mechanism is currently being discussed for UEs in RRC_CONNECTED mode. Almost all companies participating in that discussion seem to be in agreement that at least SIB9 request should be possible for the UE in RRC_CONNECTED mode. It is not yet clear however, what the capabilities of the OSI for RRC_CONNECTED UEs will be. Currently, the intention is also to allow for the network to respond with either broadcast or unicast (i.e. via RRCReconfiguration message). Delivery of SIB9 with referenceTimeInfo is required for a UE to achieve synchronization information determination, and needs to be provided periodically for the duration of the service. It is therefore important for the gNB to understand whether the UE requests a SIB9 with only timeInfo (sufficient for legacy time synchronization) or (a periodic) delivery of referenceTimeInfo for continuous accurate time synchronization.
Further, we consider the LS RAN2 sent to SA2 in [1] to request information on “whether and how the need for reference timing information can be determined for any given connected UE in Rel-16”. SA2 considered various solutions and decided that no solution will be specified by SA2 for Rel-16. The following reply was provided by SA2 in [2]:
	RAN2 question: RAN2 would like to ask SA2 to provide information on whether and how the need for reference timing information can be determined for any given connected UE in Rel-16.
SA2 reply: SA2 has concluded that there is no need to send any additional information to NG-RAN to determine the need for reference time delivery.



It should be noted that SA2 mentions there is no need to send any additional information, but this does not answer RAN2 question, which was rather about whether RAN can determine whether the UE requires to be provisioned with such information or not. Anyway, the response clearly indicates that NG-RAN will not receive information regarding whether to setup time synchronization for a given service, e.g. this needs to be either hard-coded in the RAN (dedicated TSC deployment) or requested by a UE directly. 
Observation 1: NG-RAN receives no indication (implicit or explicit) from the core network in Rel-16 whether accurate reference time delivery is needed, and how it should be configured. 
The use-cases and associated requirements envisioned in Rel-16 include cases that span beyond dedicated LAN (e.g. IEEE TSN factory network’s support) and there are cases where a UE’s need for the accurate clock information is not coupled with configuration of a TSC data flow, including coverage of use-cases treated in Rel-17 and non-TSC Rel-16 UE attached to a device that requires accurate clock for its own purpose. To support such cases, there should be a possibility for a UE to send an explicit request for accurate reference time delivery. 
Proposal 1: There should be a mechanism for UE in RRC_CONNECTED mode to explicitly request the accurate reference time delivery from gNB.
We consider two ways of achieving this:
1. By reusing OSI request in RRC_CONNECTED.
2. By adding a request in UEAssistanceInformation message.
As indicated above, in case the first approach is used, the gNB is not aware whether the UE is interested in receiving a legacy timeInfo or (a periodic) delivery of referenceTimeInfo. Hence, gNB would not know whether it can reply with one shot delivery of SIB9 via RRCReconfiguration or rather provide reference time information periodically using DLInformationTransfer message in case unicast signalling is preferred. The solution to this issue could be to introduce an explicit indication of the type of reference time delivery which UE requires using a flag added to the DedicatedSIBRequest for SIB9. 
Alternatively, we could not rely on OSI request for this scenario, but instead re-use the UEAssistanceInformation message by adding a reference time information request there. This approach has the advantage of being extensible in future with further information regarding to synchronization delivery, e.g. the UE could also inform gNB about additional information such as the required accuracy of the information or required periodicity of the time information which may differ depending on the synchronization service accuracy requirement. It would be also possible to indicate to gNB when the information is no longer required, so that gNB may stop sending DLInformationTransfer message periodically.
Proposal 2: UEAssistanceInformation message shall be used by the UE to request reference time delivery from the gNB.

3	Summary
Based on the discussion in the paper, the following is observed and proposed:
Observation 1: NG-RAN receives no indication (implicit or explicit) from the core network in Rel-16 whether accurate reference time delivery is needed, and how it should be configured. 
Proposal 1: There should be a mechanism for UE in RRC_CONNECTED mode to explicitly request the accurate reference time delivery from gNB.
Proposal 2: UEAssistanceInformation message shall be used by the UE to request reference time delivery from the gNB.
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[bookmark: _Toc20425856][bookmark: _Toc29321252]5.7.4	UE Assistance Information
[bookmark: _Toc20425857][bookmark: _Toc29321253]5.7.4.1	General


Figure 5.7.4.1-1: UE Assistance Information
The purpose of this procedure is to inform the network of the UE's delay budget report carrying desired increment/decrement in the connected mode DRX cycle length, or overheating assistance information.
[bookmark: _Toc20425858][bookmark: _Toc29321254]5.7.4.2	Initiation
A UE capable of providing delay budget report in RRC_CONNECTED may initiate the procedure in several cases, including upon being configured to provide delay budget report, and upon change of delay budget preference and upon change of interest in reference time information.
A UE capable of providing overheating assistance information in RRC_CONNECTED may initiate the procedure if it was configured to do so, upon detecting internal overheating, or upon detecting that it is no longer experiencing an overheating condition.
Upon initiating the procedure, the UE shall:
1>	if configured to provide delay budget report:
2>	if the UE did not transmit a UEAssistanceInformation message with delayBudgetReport since it was configured to provide delay budget report; or
2>	if the current delay budget is different from the one indicated in the last transmission of the UEAssistanceInformation message including delayBudgetReport and timer T342 is not running:
3>	start or restart timer T342 with the timer value set to the delayBudgetReportingProhibitTimer;
3>	initiate transmission of the UEAssistanceInformation message in accordance with 5.7.4.3 to provide a delay budget report;
1>	if configured to provide overheating assistance information:
2>	if the overheating condition has been detected and T345 is not running; or
2>	if the current overheating assistance information is different from the one indicated in the last transmission of the UEAssistanceInformation message including overheatingAssistance and timer T345 is not running:
3>	start timer T345 with the timer value set to the overheatingIndicationProhibitTimer;
3>	initiate transmission of the UEAssistanceInformation message in accordance with 5.7.4.3 to provide overheating assistance information;
1>	if configured to provide reference time assistance information:
2>	if the UE did not transmit a UEAssistanceInformation message with referenceTimeInfoRequired since it was configured to provide reference time assistance information; or
2>	if the UE preference to receive reference time information changed from the last time UE initiated transmission of the UEAssistanceInformation message including referenceTimeInfoRequired:
3>	initiate transmission of the UEAssistanceInformation message in accordance with 5.7.4.3 to provide reference time assistance information;
[bookmark: _Toc20425859][bookmark: _Toc29321255]5.7.4.3	Actions related to transmission of UEAssistanceInformation message
The UE shall set the contents of the UEAssistanceInformation message as follows:
1>	if transmission of the UEAssistanceInformation message is initiated to provide a delay budget report according to 5.7.4.2;
2>	set delayBudgetReport to type1 according to a desired value;
1>	if transmission of the UEAssistanceInformation message is initiated to provide overheating assistance information according to 5.7.4.2;
2>	if the UE experiences internal overheating:
3>	if the UE prefers to temporarily reduce the number of maximum secondary component carriers:
4>	include reducedMaxCCs in the OverheatingAssistance IE;
4>	set reducedCCsDL to the number of maximum SCells the UE prefers to be temporarily configured in downlink;
4>	set reducedCCsUL to the number of maximum SCells the UE prefers to be temporarily configured in uplink;
3>	if the UE prefers to temporarily reduce maximum aggregated bandwidth of FR1:
4>	include reducedMaxBW-FR1 in the OverheatingAssistance IE;
4>	set reducedBW-FR1-DL to the maximum aggregated bandwidth the UE prefers to be temporarily configured across all downlink carriers of FR1;
4>	set reducedBW-FR1-UL to the maximum aggregated bandwidth the UE prefers to be temporarily configured across all uplink carriers of FR1;
3>	if the UE prefers to temporarily reduce maximum aggregated bandwidth of FR2:
4>	include reducedMaxBW-FR2 in the OverheatingAssistance IE;
4>	set reducedBW-FR2-DL to the maximum aggregated bandwidth the UE prefers to be temporarily configured across all downlink carriers of FR2;
4>	set reducedBW-FR2-UL to the maximum aggregated bandwidth the UE prefers to be temporarily configured across all uplink carriers of FR2;
3>	if the UE prefers to temporarily reduce the number of maximum MIMO layers of each serving cell operating on FR1:
4>	include reducedMaxMIMO-LayersFR1 in the OverheatingAssistance IE;
4>	set reducedMIMO-LayersFR1-DL to the number of maximum MIMO layers of each serving cell operating on FR1 the UE prefers to be temporarily configured in downlink;
4>	set reducedMIMO-LayersFR1-UL to the number of maximum MIMO layers of each serving cell operating on FR1 the UE prefers to be temporarily configured in uplink;
3>	if the UE prefers to temporarily reduce the number of maximum MIMO layers of each serving cell operating on FR2:
4>	include reducedMaxMIMO-LayersFR2 in the OverheatingAssistance IE;
4>	set reducedMIMO-LayersFR2-DL to the number of maximum MIMO layers of each serving cell operating on FR2 the UE prefers to be temporarily configured in downlink;
4>	set reducedMIMO-LayersFR2-UL to the number of maximum MIMO layers of each serving cell operating on FR2 the UE prefers to be temporarily configured in uplink;
2>	else (if the UE no longer experiences an overheating condition):
3>	do not include reducedMaxCCs, reducedMaxBW-FR1, reducedMaxBW-FR2, reducedMaxMIMO-LayersFR1 and reducedMaxMIMO-LayersFR2 in OverheatingAssistance IE;
1>	if transmission of the UEAssistanceInformation message is initiated to provide a reference time information according to 5.7.4.2:
2>	if the UE requires to be provisioned with reference time information:
3>	set referenceTimeInfoRequired to true;
2>	else:
3>	set referenceTimeInfoRequired to false;

[bookmark: _Toc20426207][bookmark: _Toc29321604]–	OtherConfig
The IE OtherConfig contains configuration related to miscellaneous other configurations.
OtherConfig information element
-- ASN1START
-- TAG-OTHERCONFIG-START

OtherConfig ::=                 SEQUENCE {
    delayBudgetReportingConfig  CHOICE{
        release                 NULL,
        setup                   SEQUENCE{
            delayBudgetReportingProhibitTimer   ENUMERATED {s0, s0dot4, s0dot8, s1dot6, s3, s6, s12, s30}
        }
    }                                                                                                     OPTIONAL        -- Need M
}

OtherConfig-v1540 ::=           SEQUENCE {
    overheatingAssistanceConfig     SetupRelease {OverheatingAssistanceConfig}                            OPTIONAL, -- Need M
    ...
}

OtherConfig-r16 ::=           SEQUENCE {
    referenceTimeNeedReporting-r16     ENUMERATED {true}                            OPTIONAL, -- Need M
    ...
}


OverheatingAssistanceConfig ::= SEQUENCE {
    overheatingIndicationProhibitTimer    ENUMERATED {s0, s0dot5, s1, s2, s5, s10, s20, s30,
                                          s60, s90, s120, s300, s600, spare3, spare2, spare1}
}

-- TAG-OTHERCONFIG-STOP
-- ASN1STOP

	OtherConfig field descriptions

	delayBudgetReportingProhibitTimer
Prohibit timer for delay budget reporting. Value in seconds. Value s0 means prohibit timer is set to 0 seconds, value s0dot4 means prohibit timer is set to 0.4 seconds, and so on.

	overheatingAssistanceConfig
Configuration for the UE to report assistance information to inform the gNB about UE detected internal overheating.

	overheatingIndicationProhibitTimer
Prohibit timer for overheating assistance information reporting. Value in seconds. Value s0 means prohibit timer is set to 0 seconds, value s0dot5 means prohibit timer is set to 0.5 seconds, value s1 means prohibit timer is set to 1 second and so on.

	referenceTimeNeedReporting
[bookmark: _GoBack]If present, the field indicates the UE is configured to provide reference time assistance information.




[bookmark: _Toc20425912][bookmark: _Toc29321308]–	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-v16xy-IEs   SEQUENCE {}                         OPTIONAL
}

UEAssistanceInformation-v16xy-IEs :: = SEQUENCE {
	referenceTimeInfoRequired-r16			ENUMERATED {true, false}	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}

-- TAG-UEASSISTANCEINFORMATION-STOP
-- ASN1STOP

	UEAssistanceInformation field descriptions

	delayBudgetReport
Indicates the UE-preferred adjustment to connected mode DRX.

	reducedBW-FR1-DL
Indicates the UE's preference on reduced configuration corresponding to the maximum aggregated bandwidth across all downlink carrier(s) of FR1 indicated by the field, to address overheating. This field is allowed to be reported only when UE is configured with serving cell(s) operating on FR1. This maximum aggregated bandwidth includes downlink carrier(s) of FR1 of both the MCG and the SCG. Value mhz0 is not used. The aggregated bandwidth across all downlink carrier(s) of FR1 is the sum of bandwidth of active downlink BWP(s) across all activated downlink carrier(s) of FR1.

	reducedBW-FR1-UL
Indicates the UE's preference on reduced configuration corresponding to the maximum aggregated bandwidth across all uplink carrier(s) of FR1 indicated by the field, to address overheating. This field is allowed to be reported only when UE is configured with serving cell(s) operating on FR1. This maximum aggregated bandwidth includes uplink carrier(s) of FR1 of both the MCG and the SCG. Value mhz0 is not used. The aggregated bandwidth across all uplink carrier(s) of FR1 is the sum of bandwidth of active uplink BWP(s) across all activated uplink carrier(s) of FR1.

	reducedBW-FR2-DL
Indicates the UE's preference on reduced configuration corresponding to the maximum aggregated bandwidth across all downlink carrier(s) of FR2 indicated by the field, to address overheating. This field is allowed to be reported only when UE is configured with serving cell(s) operating on FR2. This maximum aggregated bandwidth includes downlink carrier(s) of FR2 of both the MCG and the NR SCG. The aggregated bandwidth across all downlink carrier(s) of FR2 is the sum of bandwidth of active downlink BWP(s) across all activated downlink carrier(s) of FR2.

	reducedBW-FR2-UL
Indicates the UE's preference on reduced configuration corresponding to the maximum aggregated bandwidth across all uplink carrier(s) of FR2 indicated by the field, to address overheating. This field is allowed to be reported only when UE is configured with serving cell(s) operating on FR2. This maximum aggregated bandwidth includes uplink carrier(s) of FR2 of both the MCG and the NR SCG. The aggregated bandwidth across all uplink carrier(s) of FR2 is the sum of bandwidth of active uplink BWP(s) across all activated uplink carrier(s) of FR2.

	reducedCCsDL
Indicates the UE's preference on reduced configuration corresponding to the maximum number of downlink SCells indicated by the field, to address overheating. This maximum number includes both SCells of the MCG and PSCell/SCells of the SCG.

	reducedCCsUL
Indicates the UE's preference on reduced configuration corresponding to the maximum number of uplink SCells indicated by the field, to address overheating. This maximum number includes both SCells of the MCG and PSCell/SCells of the SCG.

	reducedMIMO-LayersFR1-DL
Indicates the UE's preference on reduced configuration corresponding to the maximum number of downlink MIMO layers of each serving cell operating on FR1 indicated by the field, to address overheating. This field is allowed to be reported only when UE is configured with serving cells operating on FR1.

	reducedMIMO-LayersFR1-UL
Indicates the UE's preference on reduced configuration corresponding to the maximum number of uplink MIMO layers of each serving cell operating on FR1 indicated by the field, to address overheating. This field is allowed to be reported only when UE is configured with serving cells operating on FR1.

	reducedMIMO-LayersFR2-DL
Indicates the UE's preference on reduced configuration corresponding to the maximum number of downlink MIMO layers of each serving cell operating on FR2 indicated by the field, to address overheating. This field is allowed to be reported only when UE is configured with serving cells operating on FR2.

	reducedMIMO-LayersFR2-UL
Indicates the UE's preference on reduced configuration corresponding to the maximum number of uplink MIMO layers of each serving cell operating on FR2 indicated by the field, to address overheating. This field is allowed to be reported only when UE is configured with serving cells operating on FR2.

	referenceTimeInfoRequired
Indicates whether the UE requires to be provisioned with the timing information as specified by ReferenceTimeInfo IE.

	type1
Indicates the preferred amount of increment/decrement to the long DRX cycle length with respect to the current configuration. Value in number of milliseconds. Value ms40 corresponds to 40 milliseconds, msMinus40 corresponds to -40 milliseconds and so on.
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