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1. Introduction
In R15, for support of IMS voice, the EPS fallback procedures were defined by SA2 as captured in [1], considering the scenario that VoNR may not be supported by the network. However, during the redirection or HO triggered by EPS fallback, the source is not indicating the cause to either UE or target, which may lead to holdback of network implementation.  In this case, in the last RAN2 meeting, it was agreed to address this issue in TEI16.

In this paper, we discuss the solutions to allow UE and network to distinguish EPS fallback triggered HO/redirection from normal HO/direction for better network implement, e.g. for admission control, and traffic statistics purposes, and give some initial analysis on stage 3 spec impact. 
2. Discussion

2.1 Voice Fallback cases supported in R15
In R15, two kinds of voice fallback procedure were defined in TS 23.502, i.e. EPS fallback for IMS voice as illustrated in Figure 1, and Inter RAT fallback in 5GS for IMS voice as illustrated in Figure 2. In case that the UE is served by the 5G System and an MO or MT IMS voice session establishment has been initiated, when Network initiated PDU Session modification to setup QoS flow for IMS voice reaches the source NG-RAN, (e.g. a gNB), NG-RAN will decide to trigger voice fallback to EPS or inter-RAT fallback to the target RAN node (e.g. ng-eNB), based on both of UE capability and source RAN node capability for support of IMS voice. During above fallback cases, the source RAN can trigger the UE to redirect or handover to the target RAN node. 

Observation 1: In R15, three cases of voice fallback are support, i.e. EPS fallback from NR to LTE/EPC, EPS fallback from LTE/5GC to LTE/EPC, inter-RAT fallback from NR to LTE/5GC.
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Figure 1: EPS Fallback for IMS voice [1]
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Figure 2: RAT Fallback for IMS voice [1]
During the first stage of 5G deployment, the coverage of NR SA may spread out gradually, then the coexistence of LTE and NR SA is foreseen. As shown in Figure 3, the UE may first access NR SA and have data transmission for eMBB service or URLLC service, and then it is called or initiates a call. Assuming the NR cell does not support VoNR, the source gNB will trigger EPS fallback to handover or redirect this UE to the LTE cell. The network always prioritize the access of voice service, by giving higher priority to voice users. However, based on current R15 HO/redirection procedure from NR to LTE, the target cannot differentiate the above HO/redirection cases triggered by EPS fallback from normal HO/redirection due to mobility. Another requirement maybe that the network needs to record the EPS fallback cases, so that it also needs to identify EPS fallback HO/redirection cases. Therefore, the target network should be indicated that the HO/direction cause is EPS fallback in R16. And for other fallback cases than EPS fallback, since it may bring extra spec update work, it could be FFS after complete the solution for EPS fallback from NR to LTE/EPC.
Proposal 1: To focus on the case of EPS fallback from NR to LTE first, and FFS on the cases of EPS fallback from LTE/5GC to LTE/EPC, inter-RAT fallback from NR to LTE/EPC.
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Figure 3. Scenario of voice EPS fallback

2.2 HO from NR to LTE/EPC due to EPS fallback

To allow target eNB to be aware of the EPS fallback triggered HO case, the most straightforward solution could be introducing an EPS fallback indicator sent from source gNB to target eNB during HO procedure as illustrated in Figure 4, and the indicator could be carried in two ways as below:

· Solution 1: include the EPS fallback indicator in inter-node message HandoverPreparationInformation defined in TS 36.331.

· Solution 2: include the EPS fallback indicator in NGAP HO required message defined in TS 38.413, and also in S1AP HO request message defined in TS 36.413.
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Figure 4: Signalling illustration of HO from NR to LTE triggered by EPS fallback

Considering the solution 2 not only has impact on RAN3 specs, but also has impact on core network behaviour, for example, the 5GC needs to forward the EPS fallback indicator to EPC upon receiving it from source gNB in NGAP HO required message, and the EPS needs to encapsulate and forward the EPS fallback indicator in S1AP HO request message to target eNB, we prefer the solution 1.
Proposal 2: During HO from NR to LTE due to EPS fallback, source gNB includes an EPS fallback indicator in inter-node message HandoverPreparationInformation defined in TS 36.331.
Since the voice service is always the highest prioritised service from network perspective, the HO failure case should also be considered. In R15, upon inter-RAT HO failure, the UE will revert to source configuration and then initiate the RRC reestablishment procedure. As the UE needs to continue IMS call via VoLTE in E-UTRAN, one thought maybe to let UE select an E-UTRA cell first instead of initiating the RRC re-establishment procedure. However, considering this HO is triggered by EPS fallback not UE mobility, the HO failure is more likely due to wrong target E-UTRA cell, i.e. the target cell is not in good condition. Therefore there is quite big risk that the UE selects to a suitable cell which does not have UE context and cannot reestablishment successfully. In this case, the UE will fall back to RRC setup procedure, and perform initial AS security activation, SRB and DRB setup and so on, which will cause big latency. Hence, we prefer not to modify the UE behaviour after EPS fallback triggered HO failure, i.e. initiating RRC reestablishment procedure as in R15.
In R15, in the RRC reestablishment request message, the UE will include PCI, C-RNTI and indicate the ReestablishmentCause IE as handoverFailure. If the network can retrieve the UE context according to the PCI and C-RNTI, the reestablishment may succeed, otherwise it can fall back to RRC setup procedure. In this case, if the reestablishment cause can indicate EPS fallback triggered HO failure, it would left the network more flexible implementation, e.g. taking this reestablishment with higher priority. The spare1 in ReestablishmentCause in TS 38.331 could be used as the new reestablishment cause for EPS fallback triggered HO failure case. Obviously this require UE to be aware that the HO is triggered by EPS fallback. However, the UE cannot recognize the HO is triggered by mobility or EPS fallback, the network should indicate to UE during the HO procedure, i.e. the HO command should be included an EPS fallback indicator too. There also two ways to include this indicator, i.e. in MobililityFromNRCommand message generated by source or in HOCommand message generated by target. Considering there is also a possibility that UE can not apply the HOCommand message, then it is safer to include the EPS fallback indicator in MobililityFromNRCommand message generated by source.
Proposal 3: To define a new reestablishment cause for EPS fallback triggered HO failure case in TS 38.331. 

Proposal 4: Source gNB includes an EPS fallback indicator in MobililityFromNRCommand message for EPS fallback triggered HO.
2.3 Redirection from NR to LTE/EPC due to EPS fallback
For EPS fallback, the redirection procedure may also be triggered based on network capability, UE capability and so on. From target side, the eNB can only know the UE accessing reason according to EstablishmentCause in the RRCConnectionRequest message. In R15, the NAS layer considers this case as a normal TAU procedure, so provides the RRC establishment cause as mo-Signalling. In order to allow network to admit EPS fallback UE with higher priority, the UE needs provide a more specific EstablishmentCause in the RRCConnectionRequest message. Generally, there are two ways for handling EstablishmentCause for EPS fallback case:

· Option 1:Defining a new RRC establishment cause value for EPS fallback in RRCConnectionRequest message, i.e. using the spare1 in EstablishmentCause IE in TS 36.331. 
· Option 2: Reusing the existing RRC establishment cause value for EPS fallback in RRCConnectionRequest message, i.e. reusing the mo-VoiceCall-v1280 in EstablishmentCause IE in TS 36.331.
In comparison with option 2, option1 has more spec impact since a new cause value needs to be introduced in RRCConnectionRequest message. But option 1 allows the network to distinguish EPS fallback UEs from normal voice UEs based on the new cause, while option 2 cannot. In this case, we believe it’s worthy for RAN2 to discuss which option to use. 
Proposal 5: RAN2 to agree to introduce a EPS fallback specific RRC establishment cause value, and discuss which one to be used, an existing cause value or a new cause value.

For both options discussed above, another issue needs to be considered is that which layer to handle the new establishment cause mapping. In R15 RRC establishment cause is always be provided to RRC layer by NAS layer. The solutions can be as follows:
· Solution 1: NAS layer generates the EPS fallback specific establishment cause during RRC setup procedure.

· Solution 2: RRC layer generates the EPS fallback specific establishment cause, and replaces the one provided by NAS layer during RRC setup procedure.

Regarding solution 1, it involves NAS work, so it needs CT1’s confirm. While regarding solution 2, it changes the modelling used in R15, so it also needs CT1’s confirm. 
Proposal 6: RAN2 to send a LS to CT1 to indicate that RAN2 agrees to introduce a EPS fallback specific RRC establishment cause value, and ask CT1 to evaluate the following solutions for handling the mapping for EPS fallback specific RRC establishment cause.

· Solution 1: NAS layer generates the EPS fallback specific establishment cause during RRC setup procedure.

· Solution 2: RRC layer generates the EPS fallback specific establishment cause, and replaces the one provided by NAS layer during RRC setup procedure.

In order to allow UE to be aware of EPS fallback case, the source network needs to provide EPS fallback indicator in RRC release message, when perform redirection.
Proposal 7: Source gNB includes an EPS fallback indicator in RRCRelease message for EPS fallback triggered redirection.
The corresponding TPs to TS 38.331 and TS 36.331 are provided in Annex. 
3. Conclusion
In this paper, we discuss fallback cases for IMS voice and the solutions to allow UE and network to distinguish EPS fallback triggered HO/redirection from normal HO/direction, and give the following observation and proposals.
Observation 1: In R15, three cases of voice fallback are support, i.e. EPS fallback from NR to LTE/EPC, EPS fallback from LTE/5GC to LTE/EPC, inter-RAT fallback from NR to LTE/5GC.
Proposal 1: To focus on the case of EPS fallback from NR to LTE first, and FFS on the cases of EPS fallback from LTE/5GC to LTE/EPC, inter-RAT fallback from NR to LTE/EPC.
Proposal 2: During HO from NR to LTE due to EPS fallback, source gNB includes an EPS fallback indicator in inter-node message HandoverPreparationInformation defined in TS 36.331.
Proposal 3: To define a new reestablishment cause for EPS fallback triggered HO failure case in TS 38.331. 

Proposal 4: Source gNB includes an EPS fallback indicator in MobililityFromNRCommand message for EPS fallback triggered HO.
Proposal 5: RAN2 to agree to introduce a EPS fallback specific RRC establishment cause value, and discuss which one to be used, an existing cause value or a new cause value.
Proposal 6: RAN2 to send a LS to CT1 to indicate that RAN2 agrees to introduce a EPS fallback specific RRC establishment cause value, and ask CT1 to evaluate the following solutions for handling the mapping for EPS fallback specific RRC establishment cause.

· Solution 1: NAS layer generates the EPS fallback specific establishment cause during RRC setup procedure.
· Solution 2: RRC layer generates the EPS fallback specific establishment cause, and replaces the one provided by NAS layer during RRC setup procedure.
Proposal 7: Source gNB includes an EPS fallback indicator in RRCRelease message for EPS fallback triggered redirection.
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5. Annex
TP to TS 38.331
5.3.7.4
Actions related to transmission of RRCReestablishmentRequest message

The UE shall set the contents of RRCReestablishmentRequest message as follows:

1>
set the ue-Identity as follows:

2>
set the c-RNTI to the C-RNTI used in the source PCell (reconfiguration with sync or mobility from NR failure) or used in the PCell in which the trigger for the re-establishment occurred (other cases);

2>
set the physCellId to the physical cell identity of the source PCell (reconfiguration with sync or mobility from NR failure) or of the PCell in which the trigger for the re-establishment occurred (other cases);

2>
set the shortMAC-I to the 16 least significant bits of the MAC-I calculated:

3>
over the ASN.1 encoded as per clause 8 (i.e., a multiple of 8 bits) VarShortMAC-Input;

3>
with the KRRCint key and integrity protection algorithm that was used in the source PCell (reconfiguration with sync or mobility from NR failure) or of the PCell in which the trigger for the re-establishment occurred (other cases); and

3>
with all input bits for COUNT, BEARER and DIRECTION set to binary ones;

1>
set the reestablishmentCause as follows:

2>
if the re-establishment procedure was initiated due to reconfiguration failure as specified in 5.3.5.8.2:

3>
set the reestablishmentCause to the value reconfigurationFailure;

2>
else if the re-establishment procedure was initiated due to reconfiguration with sync failure as specified in 5.3.5.8.3 (intra-NR handover failure) or 5.4.3.5 (inter-RAT mobility from NR failure):

3>
if the inter-RAT mobility from NR is due to EPS fallback:


4> set reestablishmentCause to the value epsFallback; 
3>
else:

4> set the reestablishmentCause to the value handoverFailure;

2>
else:

3>
set the reestablishmentCause to the value otherFailure;

1>
re-establish PDCP for SRB1;

1>
re-establish RLC for SRB1;

1>
apply the specified configuration defined in 9.2.1 for SRB1;

1>
configure lower layers to suspend integrity protection and ciphering for SRB1;

NOTE:
Ciphering is not applied for the subsequent RRCReestablishment message used to resume the connection. An integrity check is performed by lower layers, but merely upon request from RRC.

1>
resume SRB1;

1>
submit the RRCReestablishmentRequest message to lower layers for transmission.

5.3.8.3
Reception of the RRCRelease by the UE

The UE shall:

1>
delay the following actions defined in this sub-clause 60 ms from the moment the RRCRelease message was received or optionally when lower layers indicate that the receipt of the RRCRelease message has been successfully acknowledged, whichever is earlier;
1>
stop timer T380, if running;

1>
stop timer T320, if running;

1>
if the AS security is not activated:

2>
ignore any field included in RRCRelease message except waitTime;

2>
perform the actions upon going to RRC_IDLE as specified in 5.3.11 with the release cause 'other' upon which the procedure ends;

1>
if the RRCRelease message includes redirectedCarrierInfo indicating redirection to eutra:

2>
if cnType is included:

3>
after the cell selection, indicate the available CN Type(s) and the received cnType to upper layers;

NOTE:
Handling the case if the E-UTRA cell selected after the redirection does not support the core network type specified by the cnType, is up to UE implementation.
2>
if epsFallbackIndicator is included:

3>
consider the redirection is due to EPS fallback; (if establishment cause for EPS fallback is generated by RRC)
3> indicate EPS fallback to upper layers; (if establishment cause for EPS fallback is generated by NAS)
1>
if the RRCRelease message includes the cellReselectionPriorities:

2>
store the cell reselection priority information provided by the cellReselectionPriorities;

2>
if the t320 is included:

3>
start timer T320, with the timer value set according to the value of t320;

1>
else:

2>
apply the cell reselection priority information broadcast in the system information;

1>
if deprioritisationReq is included:

2>
start or restart timer T325 with the timer value set to the deprioritisationTimer signalled;

2>
store the deprioritisationReq until T325 expiry;

1>
if the RRCRelease includes suspendConfig:

2>
apply the received suspendConfig;

2>
reset MAC and release the default MAC Cell Group configuration, if any;

2>
re-establish RLC entities for SRB1;

2>
if the RRCRelease message with suspendConfig was received in response to an RRCResumeRequest or an RRCResumeRequest1:

3>
stop the timer T319 if running;

3>
in the stored UE Inactive AS context:

4>
replace the KgNB and KRRCint keys with the current KgNB and KRRCint keys;

4>
replace the C-RNTI with the temporary C-RNTI in the cell the UE has received the RRCRelease message;

4>
replace the cellIdentity with the cellIdentity of the cell the UE has received the RRCRelease message;

4>
replace the physical cell identity with the physical cell identity of the cell the UE has received the RRCRelease message;

2>
else:

3>
store in the UE Inactive AS Context the current KgNB and KRRCint keys, the ROHC state, the C-RNTI used in the source PCell, the cellIdentity and the physical cell identity of the source PCell, and all other parameters configured except for the ones within ReconfigurationWithSync and servingCellConfigCommonSIB;

2>
suspend all SRB(s) and DRB(s), except SRB0;

2>
indicate PDCP suspend to lower layers of all DRBs;

2>
if the t380 is included:

3>
start timer T380, with the timer value set to t380;

2>
if the RRCRelease message is including the waitTime:

3>
start timer T302 with the value set to the waitTime;

3>
inform upper layers that access barring is applicable for all access categories except categories '0' and '2';

2>
if T390 is running:

3>
stop timer T390 for all access categories;

3>
perform the actions as specified in 5.3.14.4;

2>
indicate the suspension of the RRC connection to upper layers;

2>
enter RRC_INACTIVE and perform cell selection as specified in TS 38.304 [20];

1>
else

2>
perform the actions upon going to RRC_IDLE as specified in 5.3.11, with the release cause 'other'.

5.4.3.3
Reception of the MobilityFromNRCommand by the UE

The UE shall:

1>
if T390 is running:

2>
stop timer T390 for all access categories;

2>
perform the actions as specified in 5.3.14.4;

1>
if the targetRAT-Type is set to eutra:

2>
consider inter-RAT mobility as initiated towards E-UTRA;

2>
forward the nas-SecurityParamFromNR to the upper layers, if included;
2> if epsFallbackIndicator is included:


3>
consider inter-RAT mobility from NR is due to EPS fallback;
1>
access the target cell indicated in the inter-RAT message in accordance with the specifications of the target RAT.
–
MobilityFromNRCommand
The MobilityFromNRCommand message is used to command handover from NR to E-UTRA (connected to EPC or 5GC).

Signalling radio bearer: SRB1

RLC-SAP: AM

Logical channel: DCCH

Direction: Network to UE
MobilityFromNRCommand message

-- ASN1START

-- TAG-MOBILITYFROMNRCOMMAND-START

MobilityFromNRCommand ::=       SEQUENCE {

    rrc-TransactionIdentifier           RRC-TransactionIdentifier,

    criticalExtensions                  CHOICE {

            mobilityFromNRCommand               MobilityFromNRCommand-IEs,

            criticalExtensionsFuture                SEQUENCE {}

    }

}

MobilityFromNRCommand-IEs ::=   SEQUENCE {

    targetRAT-Type                          ENUMERATED { eutra, spare3, spare2, spare1, ...},

    targetRAT-MessageContainer              OCTET STRING,

    nas-SecurityParamFromNR                 OCTET STRING                                OPTIONAL,   -- Cond HO-ToEPC

    lateNonCriticalExtension                OCTET STRING                                OPTIONAL,

    nonCriticalExtension                     MobilityFromNRCommand-v16xx-IEs                                 OPTIONAL

}

MobilityFromNRCommand-v16xx-IEs ::= SEQUENCE {


epsFallbackIndicator




ENUMERATED {true}





OPTIONAL,


nonCriticalExtension




SEQUENCE {}







OPTIONAL

}

-- TAG-MOBILITYFROMNRCOMMAND-STOP

-- ASN1STOP

	MobilityFromNRCommand-IEs field descriptions

	nas-SecurityParamFromNR
This field is used to deliver the key synchronisation and Key freshness for the NR to LTE/EPC handovers and a part of the downlink NAS COUNT as specified in TS 33.501 [11].

	targetRAT-MessageContainer
The field contains a message specified in another standard, as indicated by the targetRAT-Type, and carries information about the target cell identifier(s) and radio parameters relevant for the target radio access technology. A complete message is included, as specified in the other standard. See NOTE 1

	targetRAT-Type
Indicates the target RAT type.

	epsFallbackIndicator
Value true indicates that the EPS fallback procedure to E-UTRA is triggered.


–
RRCReestablishmentRequest
The RRCReestablishmentRequest message is used to request the reestablishment of an RRC connection.

Signalling radio bearer: SRB0

RLC-SAP: TM

Logical channel: CCCH

Direction: UE to Network

RRCReestablishmentRequest message
-- ASN1START

-- TAG-RRCREESTABLISHMENTREQUEST-START

RRCReestablishmentRequest ::=       SEQUENCE {

    rrcReestablishmentRequest           RRCReestablishmentRequest-IEs

}

RRCReestablishmentRequest-IEs ::=   SEQUENCE {

    ue-Identity                         ReestabUE-Identity,

    reestablishmentCause                ReestablishmentCause,

    spare                               BIT STRING (SIZE (1))

}

ReestabUE-Identity ::=              SEQUENCE {

    c-RNTI                              RNTI-Value,

    physCellId                          PhysCellId,

    shortMAC-I                          ShortMAC-I

}

ReestablishmentCause ::=            ENUMERATED {reconfigurationFailure, handoverFailure, otherFailure, epsFallback}

-- TAG-RRCREESTABLISHMENTREQUEST-STOP

-- ASN1STOP

	ReestabUE-Identity field descriptions

	physCellId
The Physical Cell Identity of the PCell the UE was connected to prior to the failure.


	RRCReestablishmentRequest-IEs field descriptions

	reestablishmentCause
Indicates the failure cause that triggered the re-establishment procedure. gNB is not expected to reject a RRCReestablishmentRequest due to unknown cause value being used by the UE.

	ue-Identity
UE identity included to retrieve UE context and to facilitate contention resolution by lower layers.


–
RRCRelease
The RRCRelease message is used to command the release of an RRC connection or the suspension of the RRC connection.

Signalling radio bearer: SRB1

RLC-SAP: AM

Logical channel: DCCH

Direction: Network to UE

RRCRelease message
-- ASN1START

-- TAG-RRCRELEASE-START

RRCRelease ::=                      SEQUENCE {

    rrc-TransactionIdentifier           RRC-TransactionIdentifier,

    criticalExtensions                  CHOICE {

        rrcRelease                          RRCRelease-IEs,

        criticalExtensionsFuture            RRCRelease-v16xx-IEs
    }

}

RRCRelease-v16xx-IEs ::=
SEQUENCE {


epsFallbackIndicator



ENUMERATED {true}




OPTIONAL,

nonCriticalExtension



SEQUENCE {}






OPTIONAL

}

RRCRelease-IEs ::=                  SEQUENCE {

    redirectedCarrierInfo               RedirectedCarrierInfo                                                   OPTIONAL,   -- Need N

    cellReselectionPriorities           CellReselectionPriorities                                               OPTIONAL,   -- Need R

    suspendConfig                       SuspendConfig                                                           OPTIONAL,   -- Need R

    deprioritisationReq                 SEQUENCE {

        deprioritisationType                ENUMERATED {frequency, nr},

        deprioritisationTimer               ENUMERATED {min5, min10, min15, min30}

    }                                                                                                           OPTIONAL,   -- Need N

    lateNonCriticalExtension                OCTET STRING                                                        OPTIONAL,

    nonCriticalExtension                    RRCRelease-v1540-IEs                                                OPTIONAL

}

RRCRelease-v1540-IEs ::=            SEQUENCE {

    waitTime                           RejectWaitTime                OPTIONAL, -- Need N

    nonCriticalExtension               SEQUENCE {}                   OPTIONAL

}

RedirectedCarrierInfo ::=           CHOICE {

    nr                                  CarrierInfoNR,

    eutra                               RedirectedCarrierInfo-EUTRA,

    ...

}

RedirectedCarrierInfo-EUTRA ::=     SEQUENCE {

    eutraFrequency                          ARFCN-ValueEUTRA,

    cnType                                  ENUMERATED {epc,fiveGC}                                             OPTIONAL    -- Need N

}

CarrierInfoNR ::=                   SEQUENCE {

    carrierFreq                         ARFCN-ValueNR,

    ssbSubcarrierSpacing                SubcarrierSpacing,

    smtc                                SSB-MTC                                                                 OPTIONAL,      -- Need S

    ...

}

SuspendConfig ::=                   SEQUENCE {

    fullI-RNTI                          I-RNTI-Value,

    shortI-RNTI                         ShortI-RNTI-Value,

    ran-PagingCycle                     PagingCycle,

    ran-NotificationAreaInfo            RAN-NotificationAreaInfo                                                OPTIONAL,   -- Need M

    t380                                PeriodicRNAU-TimerValue                                                 OPTIONAL,   -- Need R

    nextHopChainingCount                NextHopChainingCount,

    ...

}

PeriodicRNAU-TimerValue ::=         ENUMERATED { min5, min10, min20, min30, min60, min120, min360, min720}

CellReselectionPriorities ::=       SEQUENCE {

    freqPriorityListEUTRA               FreqPriorityListEUTRA                                                   OPTIONAL,       -- Need M

    freqPriorityListNR                  FreqPriorityListNR                                                      OPTIONAL,       -- Need M

    t320                                ENUMERATED {min5, min10, min20, min30, min60, min120, min180, spare1}   OPTIONAL,       -- Need R

    ...

}

PagingCycle ::=                     ENUMERATED {rf32, rf64, rf128, rf256}

FreqPriorityListEUTRA ::=           SEQUENCE (SIZE (1..maxFreq)) OF FreqPriorityEUTRA

FreqPriorityListNR ::=              SEQUENCE (SIZE (1..maxFreq)) OF FreqPriorityNR

FreqPriorityEUTRA ::=               SEQUENCE {

    carrierFreq                         ARFCN-ValueEUTRA,

    cellReselectionPriority             CellReselectionPriority,

    cellReselectionSubPriority          CellReselectionSubPriority                                              OPTIONAL        -- Need R

}

FreqPriorityNR ::=                  SEQUENCE {

    carrierFreq                         ARFCN-ValueNR,

    cellReselectionPriority             CellReselectionPriority,

    cellReselectionSubPriority          CellReselectionSubPriority                                              OPTIONAL        -- Need R

}

RAN-NotificationAreaInfo ::=        CHOICE {

    cellList                            PLMN-RAN-AreaCellList,

    ran-AreaConfigList                  PLMN-RAN-AreaConfigList,

    ...

}

PLMN-RAN-AreaCellList ::=           SEQUENCE (SIZE (1.. maxPLMNIdentities)) OF PLMN-RAN-AreaCell

PLMN-RAN-AreaCell ::=               SEQUENCE {

    plmn-Identity                       PLMN-Identity                                                           OPTIONAL,   -- Need S

    ran-AreaCells                       SEQUENCE (SIZE (1..32)) OF  CellIdentity

}

PLMN-RAN-AreaConfigList ::=         SEQUENCE (SIZE (1..maxPLMNIdentities)) OF PLMN-RAN-AreaConfig

PLMN-RAN-AreaConfig ::=             SEQUENCE {

    plmn-Identity                       PLMN-Identity                                                           OPTIONAL,   -- Need S

    ran-Area                            SEQUENCE (SIZE (1..16)) OF  RAN-AreaConfig

}

RAN-AreaConfig ::=                  SEQUENCE {

    trackingAreaCode            TrackingAreaCode,

    ran-AreaCodeList            SEQUENCE (SIZE (1..32)) OF  RAN-AreaCode        OPTIONAL    -- Need R

}

-- TAG-RRCRELEASE-STOP

-- ASN1STOP

TP to TS 36.331
5.3.3.3
Actions related to transmission of RRCConnectionRequest message

The UE shall set the contents of RRCConnectionRequest message as follows:

1>
if the UE is connected to EPC:

2>
set the ue-Identity as follows:

3>
if upper layers provide an S-TMSI:

4>
set the ue-Identity to the value received from upper layers;

3>
else:

4>
draw a random value in the range 0 .. 240-1 and set the ue-Identity to this value;

NOTE 1:
Upper layers provide the S-TMSI if the UE is registered in the TA of the current cell.

2>
if the UE supports mo-VoiceCall establishment cause and UE is establishing the RRC connection for mobile originating MMTEL voice and SystemInformationBlockType2 includes voiceServiceCauseIndication and the establishment cause received from upper layers is not set to highPriorityAccess:

3>
set the establishmentCause to mo-VoiceCall;

2>
else if the UE supports mo-VoiceCall establishment cause for mobile originating MMTEL video and UE is establishing the RRC connection for mobile originating MMTEL video and SystemInformationBlockType2 includes videoServiceCauseIndication and the establishment cause received from upper layers is not set to highPriorityAccess:

3>
set the establishmentCause to mo-VoiceCall;
2>
else if the UE is establishing the RRC connection for redirection due to EPS fallback:

3>
set the establishmentCause to epsFallback (or an existing cause value)
;
2>
else:

3>
set the establishmentCause in accordance with the information received from upper layers;

1>
if the UE is connected to 5GC:

2>
set the ue-Identity as follows:

3>
if upper layers provide a 5G-S-TMSI:

4>
set the ue-Identity to ng-5G-S-TMSI-Part1;

3>
else:

4>
draw a random value in the range 0 .. 240-1 and set the ue-Identity to this value;

2>
set the establishmentCause in accordance with the information received from upper layers;

2>
apply the default NR PDCP configuration as specified in TS 38.331 [82], clause 9.2.1.1 for SRB1;

2>
use NR PDCP for all subsequent messages received and sent by the UE via SRB1;

–
RRCConnectionRequest
The RRCConnectionRequest message is used to request the establishment of an RRC connection.

Signalling radio bearer: SRB0

RLC-SAP: TM

Logical channel: CCCH

Direction: UE to E‑UTRAN

RRCConnectionRequest message
-- ASN1START

RRCConnectionRequest ::=


SEQUENCE {


criticalExtensions




CHOICE {



rrcConnectionRequest-r8



RRCConnectionRequest-r8-IEs,



rrcConnectionRequest-r15


RRCConnectionRequest-5GC-r15-IEs


}

}

RRCConnectionRequest-r8-IEs ::=

SEQUENCE {


ue-Identity






InitialUE-Identity,


establishmentCause




EstablishmentCause,


spare







BIT STRING (SIZE (1))

}

RRCConnectionRequest-5GC-r15-IEs ::=
SEQUENCE {


ue-Identity







InitialUE-Identity-5GC,


establishmentCause

 



EstablishmentCause-5GC,


spare








BIT STRING (SIZE (1))

}

InitialUE-Identity ::=



CHOICE {


s-TMSI







S-TMSI,


randomValue






BIT STRING (SIZE (40))

}

InitialUE-Identity-5GC ::=


CHOICE {


ng-5G-S-TMSI-Part1




BIT STRING (SIZE (40)),


randomValue






BIT STRING (SIZE (40))

}

EstablishmentCause ::=



ENUMERATED {











emergency, highPriorityAccess, mt-Access, mo-Signalling,











mo-Data, delayTolerantAccess-v1020, mo-VoiceCall-v1280, epsFallback
}

EstablishmentCause-5GC ::=


ENUMERATED {











emergency, highPriorityAccess, mt-Access, mo-Signalling,











mo-Data, mo-VoiceCall, spare2, spare1}

-- ASN1STOP

	RRCConnectionRequest field descriptions

	establishmentCause

Provides the establishment cause for the RRC connection request as provided by the upper layers. W.r.t. the cause value names: highPriorityAccess concerns AC11..AC15, 'mt' stands for 'Mobile Terminating' and 'mo' for 'Mobile Originating. eNB is not expected to reject a RRCConnectionRequest due to unknown cause value being used by the UE. The cause value of delayTolerantAccess is not used for E-UTRA/5GC in this release.

	randomValue

Integer value in the range 0 to 240 ( 1.

	ng-5G-S-TMSI-Part1

The rightmost 40 bits of 5G-S-TMSI.

	ue-Identity

UE identity included to facilitate contention resolution by lower layers.


–
HandoverPreparationInformation
This message is used to transfer the E-UTRA RRC information used by the target eNB or target ng-eNB during handover preparation, including UE capability information.

Direction: source eNB/ source RAN to target eNB or target ng-eNB

HandoverPreparationInformation message

-- ASN1START

HandoverPreparationInformation ::=
SEQUENCE {


criticalExtensions




CHOICE {



c1








CHOICE{




handoverPreparationInformation-r8
HandoverPreparationInformation-r8-IEs,




spare7 NULL,




spare6 NULL, spare5 NULL, spare4 NULL,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}

HandoverPreparationInformation-r8-IEs ::= SEQUENCE {


ue-RadioAccessCapabilityInfo

UE-CapabilityRAT-ContainerList,


as-Config






AS-Config




OPTIONAL,

-- Cond HO


rrm-Config






RRM-Config




OPTIONAL,


as-Context






AS-Context



OPTIONAL,

-- Cond HO


nonCriticalExtension



HandoverPreparationInformation-v920-IEs

OPTIONAL

}

HandoverPreparationInformation-v920-IEs
::= SEQUENCE {


ue-ConfigRelease-r9




ENUMERATED {











rel9, rel10, rel11, rel12, v10j0, v11e0,











v1280, rel13, ..., rel14, rel15}

OPTIONAL,
-- Cond HO2


nonCriticalExtension



HandoverPreparationInformation-v9d0-IEs

OPTIONAL

}

HandoverPreparationInformation-v9d0-IEs
::= SEQUENCE {


lateNonCriticalExtension


OCTET STRING (CONTAINING HandoverPreparationInformation-v9j0-IEs)
OPTIONAL,


nonCriticalExtension



HandoverPreparationInformation-v9e0-IEs


OPTIONAL

}

-- Late non-critical extensions:

HandoverPreparationInformation-v9j0-IEs ::= SEQUENCE {


-- Following field is only for pre REL-10 late non-critical extensions


lateNonCriticalExtension


OCTET STRING




OPTIONAL,


nonCriticalExtension



HandoverPreparationInformation-v10j0-IEs

OPTIONAL

}

HandoverPreparationInformation-v10j0-IEs ::= SEQUENCE {


as-Config-v10j0





AS-Config-v10j0


OPTIONAL,


nonCriticalExtension



HandoverPreparationInformation-v10x0-IEs

OPTIONAL

}

HandoverPreparationInformation-v10x0-IEs ::= SEQUENCE {


-- Following field is only for late non-critical extensions from REL-10 to REL-12


lateNonCriticalExtension


OCTET STRING




OPTIONAL,


nonCriticalExtension



HandoverPreparationInformation-v13c0-IEs 

OPTIONAL

}

HandoverPreparationInformation-v13c0-IEs ::= SEQUENCE {


as-Config-v13c0





AS-Config-v13c0


OPTIONAL,


-- Following field is only for late non-critical extensions from REL-13


nonCriticalExtension



SEQUENCE {}




OPTIONAL

}

-- Regular non-critical extensions:

HandoverPreparationInformation-v9e0-IEs
::= SEQUENCE {


as-Config-v9e0





AS-Config-v9e0




OPTIONAL,
-- Cond HO2


nonCriticalExtension



HandoverPreparationInformation-v1130-IEs

OPTIONAL

}

HandoverPreparationInformation-v1130-IEs
::= SEQUENCE {


as-Context-v1130




AS-Context-v1130



OPTIONAL,
-- Cond HO2


nonCriticalExtension



HandoverPreparationInformation-v1250-IEs





OPTIONAL

}

HandoverPreparationInformation-v1250-IEs ::= SEQUENCE {


ue-SupportedEARFCN-r12



ARFCN-ValueEUTRA-r9



OPTIONAL,
-- Cond HO3


as-Config-v1250




AS-Config-v1250



OPTIONAL,
-- Cond HO2


nonCriticalExtension



HandoverPreparationInformation-v1320-IEs





OPTIONAL

}

HandoverPreparationInformation-v1320-IEs ::= SEQUENCE {


as-Config-v1320





AS-Config-v1320




OPTIONAL,
-- Cond HO2

as-Context-v1320




AS-Context-v1320



OPTIONAL,
-- Cond HO2

nonCriticalExtension



HandoverPreparationInformation-v1430-IEs





OPTIONAL

}
HandoverPreparationInformation-v1430-IEs ::= SEQUENCE {


as-Config-v1430




AS-Config-v1430





OPTIONAL,
-- Cond HO2


makeBeforeBreakReq-r14


ENUMERATED {true}



OPTIONAL,
-- Cond HO2


nonCriticalExtension


HandoverPreparationInformation-v1530-IEs


OPTIONAL

}

HandoverPreparationInformation-v1530-IEs ::= SEQUENCE {


ran-NotificationAreaInfo-r15

RAN-NotificationAreaInfo-r15


OPTIONAL,


nonCriticalExtension



HandoverPreparationInformation-v1540-IEs






OPTIONAL

}

HandoverPreparationInformation-v1540-IEs ::= SEQUENCE {


sourceRB-ConfigIntra5GC-r15

OCTET STRING





OPTIONAL,
--Cond HO4


nonCriticalExtension



 HandoverPreparationInformation-v16xx-IEs





OPTIONAL

}

HandoverPreparationInformation-v16xx-IEs ::= SEQUENCE {


epsFallbackIndicator



ENUMERATED {true}



OPTIONAL,



nonCriticalExtension



SEQUENCE {}





OPTIONAL

}
-- ASN1STOP

	HandoverPreparationInformation field descriptions

	as-Config

The radio resource configuration. Applicable in case of intra-E-UTRA handover. If the target receives an incomplete MeasConfig and RadioResourceConfigDedicated in the as-Config, the target eNB may decide to apply the full configuration option based on the ue-ConfigRelease.

	as-Context

Local E-UTRAN context required by the target eNB.

	epsFallbackIndicator
Value true indicates that the handover is due to EPS fallback.

	makeBeforeBreakReq

To request the target eNB to add the makeBeforeBreak indication in the mobilityControlInfo in case of intra-frequency handover.

	rrm-Config

Local E-UTRAN context used depending on the target node's implementation, which is mainly used for the RRM purpose. May also be provided at inter-RAT intra-5GC handover from NR.

	sourceRB-ConfigIntra5GC

NR radio bearer config used at intra5GC handover, as defined by RadioBearerConfig IE in TS 38.331 [82].

	ue-ConfigRelease

Indicates the RRC protocol release or version applicable for the current UE configuration. This could be used by target eNB to decide if the full configuration approach should be used. If this field is not present, the target assumes that the current UE configuration is based on the release 8 version of RRC protocol. NOTE 1.

	ue-RadioAccessCapabilityInfo

For E-UTRA radio access capabilities, it is up to E-UTRA how the backward compatibility among supportedBandCombinationReduced, supportedBandCombination and supportedBandCombinationAdd is ensured. If supportedBandCombinationReduced and supportedBandCombination/supportedBandCombinationAdd are included into ueCapabilityRAT-Container, it can be assumed that the value of fields, requestedBands, reducedIntNonContCombRequested and requestedCCsXL are consistend with all supported band combination fields. NOTE 2

	ue-SupportedEARFCN

Includes UE supported EARFCN of the handover target E-UTRA cell if the target E-UTRA cell belongs to multiple frequency bands.


�Update needed based on RAN2 conclusion


�Update needed based on RAN2 conclusion
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6. NW initiated PDU session modification to setup QoS flow for IMS voice







7. IMS voice establishment continued







1. MO or MT call in 5GS; QoS flow for voice establishment initiated











5.  Inter NG-RAN handover or Redirection











4. Reject PDU session modification with mobility due to IMS voice fallback indication
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3. Trigger for fallback; optional Measurement Report Solicitation











2. NW initiated PDU session modification to setup QoS flow for IMS voice
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7. NW initiated PDN connection modification to setup dedicated bearer for voice







8. IMS Voice session establishment continued







5. Redirection or Handover to EPS 











2. NW initiated PDU session modification to setup QoS flow for IMS voice







 1. MO or MT IMS voice session in 5GS; QoS flow for voice establishment initiated
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6b. Attach with PDN connectivity request with request type "handover"







6a. TAU Procedure







4. Reject PDU session modification indicating IMS Voice Fallback in progress







3. Trigger for fallback, optional Measurement Report Solicitation
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