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1. Introduction
In Rel-15, EPS fallback is supported for IMS voice service wherein the IMS voice session can be established in 5GS via NR cell, and when the setup of QoS flow for the voice reaches the gNB, the gNB can handover or redirect the UE to E-UTRA cell. The gNB may decide to initiate the EPS fallback taking into account of network configurations, radio conditions, and this feature has been widely deployed in field for IMS voice support. However, since the whole procedure involves 5GS and EPS, core and RAN nodes which results in long latency and bad UE experience of voice service. The enhancements for EPS fallback to reduce the latency is required. 
In this contribution, we will give a brief analyse on the latency components of EPS fallback procedure and give a comparatively simple solution for enhancements.
2. Discussion
2.1. Basic procedure and delay components 
In Rel-15 the EPS fallback procedure is defined in TS 23.502 as shown in Figure 1 below. The UEs can establish the IMS voice session in 5GS, by this means the SIP signaling is unobstructed. 


Figure 1. EPS Fallback for IMS voice (Figure 4.13.6.1-1 in TS 23.502)
For the UEs in RRC_CONNECTED, when a call is initiated by the UE or reaching the UE, the QoS flow setup will follow up the SIP signaling, and when the gNB receives the QoS flow setup request from 5GC, it may decide to trigger EPS fallback procedure. 
For the UEs in RRC_IDLE/INACTIVE, when a call is initiated by the UE, it needs enter RRC_CONNECTED mode first. And then perform the RRC_CONNECTED procedure as above. While if the UE is called by other UEs, the UE will be paged first and then it initiates RRC connection setup/resume to enter RRC_CONNECTED mode as shown in Figure 2.


Figure 2: EPS fallback for UE in IDLE
Based on above, we can see the latency of EPS fallback in case of RRC_CONNECTED mode is mainly brought by inter-system HO/redirection from NR to E-UTRA (may also include the measurement configuration and reporting if the network needs measurement results to decide target), while for the case of RRC_IDLE/INACTIVE, the latency components includes furthermore paging reception by the UE, the RRC connection setup/resume initiated by the UE in 5GS, the IMS procedure for SIP signaling, the QoS flow setup for voice, then the inter-system HO/redirection followed. 
Observation 1: The delay of EPS fallback significantly impacts voice experience in the field, which requires to be reduced especially for the case of UE is called in RRC_IDLE/INACTIVE.
2.2. Rel-16 enhancements
In Rel-16, in order to optimize the EPS fallback performance, RAN2 agreed the below solutions:
· For HO triggered by EPS fallback, the source node can include an EPS fallback indication both in the HO command towards UE and HO preparation towards the target node. In case of HO failure, the UE will try to select an E-UTRA cell to continue the voice call.
· For redirection trigged by EPS fallback, the gNB can include the EPS fallback indication in the RRC release message, so that the UE can set the RRC establishment cause value as voice in the E-UTRA cell.
One benefit is the target node can be aware of the UE is accessing for voice service and should be admitted with high priority. The other side is that the UE can be aware of the HO is for EPS fallback so an E-UTRA cell is more suitable for RRC establishment in case of HO failure. Both sides can reduce some delay of the inter-system HO/redirection triggered by EPS fallback for RRC_CONNECTED UEs. In this contribution, we try to apply the similar idea to the case of UEs in RRC_IDLE/INACTIVE, and more delay reduction can be observed.  
Observation 2: The EPS fallback indication introduced in Rel-16 can reduce the latency of EPS fallback triggered HO and redirection for UEs in RRC_CONNECTED.
2.3. Further enhancements for UEs in RRC_IDLE/INACTIVE
[bookmark: OLE_LINK139][bookmark: OLE_LINK140]For the UE in RRC_IDLE, when the UE is called, the 5GC will initiate paging procedure towards NR RAN. Since 5GC is aware of the service type of the paging, it can indicate the paging reason is for voice which is agreed to be introduced in Rel-17 by SA2 and captured in SA2 and CT1 specifications. From RAN perspective, the gNB can include the voice indication in the paging message towards the UEs, which is agreed in Multi-SIM WI and the details asn.1 is under discussion. Then one direction for EPS fallback specific enhancement is similarly like redirection, the UE can set the establishment cause value as voice instead of mt-access in normal paging case, so that the network can prepare EPS fallback in advance, e.g. configure E-UTRA measurement once the RRC connection is setup. 
Furthermore, considering in same cases the gNB can decide to trigger EPS fallback even before the UE entering RRC_CONNECTED, e.g. VoNR is not supported and there is a co-located E-UTRA coverage, the gNB can indicate EPS fallback in the paging message. By this means the UEs paged can select an E-UTRA cell to establish RRC connection, which is faster than setting up RRC connection to NR followed by handover/redirect to E-UTRA later. The gNB can also broadcast the E-UTRA frequency to assist UE performing cell selection for EPS fallback. An example of the procedure is given below in Figure 3.


Figure 3: Fast EPS fallback based on paging indication
Proposal 1: To reduce the EPS fallback latency for the case that UE is paged in RRC_IDLE for voice service, RAN2 to agree the following enhancements:
· When the paging message indicates voice service, the UE sets the NR RRC establishment cause as voice instead of mt-access.
· The gNB can include EPS fallback indication in paging message, the UE selects an E-UTRA cell to establish the RRC connection, and sets the E-UTRA RRC establishment cause as voice.
· The gNB can indicate the E-UTRA frequencies in SIB to assist the UE to select an E-UTRA cell for voice service.
The same solution can benefit the UEs in RRC_INACTIVE as well, in which case the gNB is aware of the RAN paging cause is voice by receiving the voice QoS flow setup request from 5GC. Then the paging cause can be included in Xn RAN paging message and Uu RAN paging message as agreed in Multi-SIM WI. In addition, the gNB can indicate EPS fallback in RAN paging message based on its own decision. The UE handling is the same as that in RRC_IDLE.
Proposal 2: To reduce the EPS fallback latency for the case that UE is paged in RRC_INACTIVE for voice service, RAN2 to agree the following enhancements:
· When the RAN paging message indicates voice service, the UE sets the NR RRC resume cause as voice instead of mt-access.
· The gNB can include EPS fallback indication in RAN paging message, the UE selects an E-UTRA cell to establish the RRC connection, and sets the E-UTRA RRC establishment cause as voice.
· The gNB can indicate the E-UTRA frequencies in SIB to assist the UE to select an E-UTRA cell for voice service.
The text proposal to TS 38.331 is provided in annex to show the specification impact.
3. Conclusion
The contribution focuses on EPS fallback delay reduction for UEs in RRC_IDLE/INACITIVE. Corresponding observations and proposals are listed as below: 
Observation 1: The delay of EPS fallback significantly impacts voice experience in the field, which requires to be reduced especially for the case of UE is called in RRC_IDLE/INACTIVE.
Observation 2: The EPS fallback indication introduced in Rel-16 can reduce the latency of EPS fallback triggered HO and redirection for UEs in RRC_CONNECTED.
Proposal 1: To reduce the EPS fallback latency for the case that UE is paged in RRC_IDLE for voice service, RAN2 to agree the following enhancements:
· When the paging message indicates voice service, the UE sets the NR RRC establishment cause as voice instead of mt-access.
· The gNB can include EPS fallback indication in paging message, the UE selects an E-UTRA cell to establish the RRC connection, and sets the E-UTRA RRC establishment cause as voice.
· The gNB can indicate the E-UTRA frequencies in SIB to assist the UE to select an E-UTRA cell for voice service.
Proposal 2: To reduce the EPS fallback latency for the case that UE is paged in RRC_INACTIVE for voice service, RAN2 to agree the following enhancements:
· When the RAN paging message indicates voice service, the UE sets the NR RRC resume cause as voice instead of mt-access.
· The gNB can include EPS fallback indication in RAN paging message, the UE selects an E-UTRA cell to establish the RRC connection, and sets the E-UTRA RRC establishment cause as voice.
· The gNB can indicate the E-UTRA frequencies in SIB to assist the UE to select an E-UTRA cell for voice service.
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4. Annex- TP to TS 38.331 
[bookmark: _Toc20426099]START OF CHANGE
[bookmark: _Toc60776739][bookmark: _Toc76423025][bookmark: _Toc60777454][bookmark: _Toc68015395]5.3.2	Paging
[bookmark: _Toc60776740][bookmark: _Toc76423026]5.3.2.1	General


Figure 5.3.2.1-1: Paging
The purpose of this procedure is:
-	to transmit paging information to a UE in RRC_IDLE or RRC_INACTIVE.
[bookmark: _Toc60776741][bookmark: _Toc76423027]5.3.2.2	Initiation
The network initiates the paging procedure by transmitting the Paging message at the UE's paging occasion as specified in TS 38.304 [20]. The network may address multiple UEs within a Paging message by including one PagingRecord for each UE.
[bookmark: _Toc60776742][bookmark: _Toc76423028]5.3.2.3	Reception of the Paging message by the UE
Upon receiving the Paging message, the UE shall:
1>	if in RRC_IDLE, for each of the PagingRecord, if any, included in the Paging message:
2>	if the ue-Identity included in the PagingRecord matches the UE identity allocated by upper layers:
3>	forward the ue-Identity and accessType (if present) to the upper layers;
3>	if pagingCause included in PagingRecord is set as voice:
4>	consider the paging is for IMS voice;
3>	else if voiceFallbackIndication is included in the PagingRecord:
4>	 consider the RRC connection release was triggered for EPS fallback for IMS voice (see TS 23.502 [43]);
1>	if in RRC_INACTIVE, for each of the PagingRecord, if any, included in the Paging message:
2>	if the ue-Identity included in the PagingRecord matches the UE's stored fullI-RNTI:
3>	if the UE is configured by upper layers with Access Identity 1:
4>	initiate the RRC connection resumption procedure according to 5.3.13 with resumeCause set to mps-PriorityAccess;
3>	else if the UE is configured by upper layers with Access Identity 2:
4>	initiate the RRC connection resumption procedure according to 5.3.13 with resumeCause set to mcs-PriorityAccess;
3>	else if the UE is configured by upper layers with one or more Access Identities equal to 11-15:
4>	initiate the RRC connection resumption procedure according to 5.3.13 with resumeCause set to highPriorityAccess;
3>	else if pagingCause included in PagingRecord is set as voice:	Comment by Huawei, HiSilicon_Rui Wang: Pending to MUSIM.
4>	initiate the RRC connection resumption procedure according to 5.3.13 with resumeCause set to mo-VoiceCall;
3>	else if voiceFallbackIndication is included in the PagingRecord:
4>	attempt to select an E-UTRA cell:
5>	if a suitable E-UTRA cell is selected:
6>	perform the actions upon going to RRC_IDLE as specified in 5.3.11, with release cause 'other';
5>	else 
6> initiate the RRC connection resumption procedure according to 5.3.13 with resumeCause set to mo-VoiceCall;
3>	else:
4>	initiate the RRC connection resumption procedure according to 5.3.13 with resumeCause set to mt-Access;
2>	else if the ue-Identity included in the PagingRecord matches the UE identity allocated by upper layers:
3>	forward the ue-Identity to upper layers and accessType (if present) to the upper layers;
3>	perform the actions upon going to RRC_IDLE as specified in 5.3.11 with release cause 'other'.
NEXT CHANGE
[bookmark: _Toc60776747][bookmark: _Toc76423033]5.3.3.3	Actions related to transmission of RRCSetupRequest message
The UE shall set the contents of RRCSetupRequest message as follows:
1>	set the ue-Identity as follows:
2>	if upper layers provide a 5G-S-TMSI:
3>	set the ue-Identity to ng-5G-S-TMSI-Part1;
2>	else:
3>	draw a 39-bit random value in the range 0..239-1 and set the ue-Identity to this value;
NOTE 1:	Upper layers provide the 5G-S-TMSI if the UE is registered in the TA of the current cell.
1>	if the establishment of the RRC connection is the result of release with redirect with mpsPriorityIndication (either in NR or E-UTRAN):
2>	set the establishmentCause to mps-PriorityAccess;
[bookmark: _GoBack]1>	else if the establishment of the RRC connection is the result of paging with pagingCause as voice as specified in 5.3.2:
2>	set the establishmentCause to mo-VoiceCall;
1>	else:
2>	set the establishmentCause in accordance with the information received from upper layers;
The UE shall submit the RRCSetupRequest message to lower layers for transmission.
The UE shall continue cell re-selection related measurements as well as cell re-selection evaluation. If the conditions for cell re-selection are fulfilled, the UE shall perform cell re-selection as specified in 5.3.3.6.




	


NEXT CHANGE
[bookmark: _Toc60777089][bookmark: _Toc76423375][bookmark: _Hlk54206646]6.2.2	Message definitions
[bookmark: _Toc60777104][bookmark: _Toc76423390]–	Paging
The Paging message is used for the notification of one or more UEs.
Signalling radio bearer: N/A
RLC-SAP: TM
Logical channel: PCCH
Direction: Network to UE
Paging message
-- ASN1START
-- TAG-PAGING-START

Paging ::=                          SEQUENCE {
    pagingRecordList                    PagingRecordList                                                        OPTIONAL, -- Need N
    lateNonCriticalExtension            OCTET STRING                                                            OPTIONAL,
    nonCriticalExtension                Paging-v17xy-IEsSEQUENCE{}                                                              OPTIONAL
}

Paging-v17xy-IEs ::=                SEQUENCE {
    pagingRecordList-v17xy              PagingRecordList-v17xy                                                  OPTIONAL, -- Need N
    nonCriticalExtension                SEQUENCE {}                                                             OPTIONAL
}

PagingRecordList ::=                SEQUENCE (SIZE(1..maxNrofPageRec)) OF PagingRecord

PagingRecordList-v17xy ::=          SEQUENCE (SIZE(1..maxNrofPageRec)) OF PagingRecord-v17xy

PagingRecord ::=                    SEQUENCE {
    ue-Identity                         PagingUE-Identity,
    accessType                          ENUMERATED {non3GPP}    OPTIONAL,   -- Need N
    ...
}

PagingUE-Identity ::=               CHOICE {
    ng-5G-S-TMSI                        NG-5G-S-TMSI,
    fullI-RNTI                          I-RNTI-Value,
    ...
}

PagingRecord-v17xy ::=              SEQUENCE {
    pagingCause-r17                      ENUMERATED {FFS}                              OPTIONAL,   -- Need N
    voiceFallbackIndication-r17          ENUMERATED {true}                             OPTIONAL, -- Need N
}

-- TAG-PAGING-STOP
-- ASN1STOP
[bookmark: _Toc60777144][bookmark: _Toc76423430]NEXT CHANGE
[bookmark: _Toc60777140][bookmark: _Toc76423426]6.3.1	System information blocks
–	SIB5
SIB5 contains information relevant only for inter-RAT cell re-selection i.e. information about E-UTRA frequencies and E-UTRAs neighbouring cells relevant for cell re-selection. The IE includes cell re-selection parameters common for a frequency.
SIB5 information element
-- ASN1START
-- TAG-SIB5-START

SIB5 ::=                            SEQUENCE {
    carrierFreqListEUTRA                CarrierFreqListEUTRA                        OPTIONAL,       -- Need R
    t-ReselectionEUTRA                  T-Reselection,
    t-ReselectionEUTRA-SF               SpeedStateScaleFactors                      OPTIONAL,       -- Need S
    lateNonCriticalExtension            OCTET STRING                                OPTIONAL,
    ...,
    [[
    carrierFreqListEUTRA-v1610      CarrierFreqListEUTRA-v1610                      OPTIONAL        -- Need R
    ]]
    carrierFreqListEUTRAEPSFallback-v17xx      CarrierFreqListEUTRA                      OPTIONAL        -- Need R

}

CarrierFreqListEUTRA ::=            SEQUENCE (SIZE (1..maxEUTRA-Carrier)) OF CarrierFreqEUTRA

CarrierFreqListEUTRA-v1610 ::=      SEQUENCE (SIZE (1..maxEUTRA-Carrier)) OF CarrierFreqEUTRA-v1610

CarrierFreqEUTRA ::=                SEQUENCE {
    carrierFreq                         ARFCN-ValueEUTRA,
    eutra-multiBandInfoList             EUTRA-MultiBandInfoList                     OPTIONAL,       -- Need R
    eutra-FreqNeighCellList             EUTRA-FreqNeighCellList                     OPTIONAL,       -- Need R
    eutra-BlackCellList                 EUTRA-FreqBlackCellList                     OPTIONAL,       -- Need R
    allowedMeasBandwidth                EUTRA-AllowedMeasBandwidth,
    presenceAntennaPort1                EUTRA-PresenceAntennaPort1,
    cellReselectionPriority             CellReselectionPriority                     OPTIONAL,       -- Need R
    cellReselectionSubPriority          CellReselectionSubPriority                  OPTIONAL,       -- Need R
    threshX-High                        ReselectionThreshold,
    threshX-Low                         ReselectionThreshold,
    q-RxLevMin                          INTEGER (-70..-22),
    q-QualMin                           INTEGER (-34..-3),
    p-MaxEUTRA                          INTEGER (-30..33),
    threshX-Q                           SEQUENCE {
        threshX-HighQ                       ReselectionThresholdQ,
        threshX-LowQ                        ReselectionThresholdQ
    }                                                                               OPTIONAL        -- Cond RSRQ
}

CarrierFreqEUTRA-v1610 ::= SEQUENCE {
    highSpeedEUTRACarrier-r16       ENUMERATED {true}                               OPTIONAL        -- Need R
}

EUTRA-FreqBlackCellList ::=         SEQUENCE (SIZE (1..maxEUTRA-CellBlack)) OF EUTRA-PhysCellIdRange

EUTRA-FreqNeighCellList ::=         SEQUENCE (SIZE (1..maxCellEUTRA)) OF EUTRA-FreqNeighCellInfo

EUTRA-FreqNeighCellInfo ::=         SEQUENCE {
    physCellId                          EUTRA-PhysCellId,
    dummy                               EUTRA-Q-OffsetRange,
    q-RxLevMinOffsetCell                INTEGER (1..8)                              OPTIONAL,       -- Need R
    q-QualMinOffsetCell                 INTEGER (1..8)                              OPTIONAL        -- Need R
}

-- TAG-SIB5-STOP
-- ASN1STOP

	SIB5 field descriptions

	carrierFreqListEUTRA
List of carrier frequencies of E-UTRA. If the carrierFreqListEUTRA-v1610 is present, it shall contain the same number of entries, listed in the same order as in the carrierFreqListEUTRA (without suffix).

	carrierFreqListEUTRAEPSFallback-v17xx
Indicates the list of carrier frequencies of E-UTRA used for E-UTRA cell selection in case of the UE is paged for EPS fallback.

	dummy
This field is not used in the specification. If received it shall be ignored by the UE.

	eutra-BlackCellList
List of blacklisted E-UTRA neighbouring cells.

	eutra-multiBandInfoList
Indicates the list of frequency bands in addition to the band represented by carrierFreq for which cell reselection parameters are common, and a list of additionalPmax and additionalSpectrumEmission values, as defined in TS 36.101 [22], table 6.2.4-1, for the frequency bands in eutra-multiBandInfoList

	highSpeedEUTRACarrier
If the field is present, the UE shall apply the enhanced NR-EUTRA inter-RAT measurement requirements to support high speed up to 500 km/h as specified in TS 38.133 [14] to the E-UTRA carrier.

	p-MaxEUTRA
The maximum allowed transmission power in dBm on the (uplink) carrier frequency, see TS 36.304 [27].

	q-QualMin
Parameter "Qqualmin" in TS 36.304 [27]. Actual value Qqualmin = field value [dB].

	q-QualMinOffsetCell
Parameter "Qqualminoffsetcell" in TS 36.304 [27]. Actual value Qqualminoffsetcell = field value [dB].

	q-RxLevMin
Parameter "Qrxlevmin" in TS 36.304 [27]. Actual value Qrxlevmin = field value * 2 [dBm].

	q-RxLevMinOffsetCell
Parameter "Qrxlevminoffsetcell" in TS 36.304 [27]. Actual value Qrxlevminoffsetcell = field value * 2 [dB].

	t-ReselectionEUTRA
Parameter "TreselectionEUTRA" in TS 38.304 [20].

	threshX-High
Parameter "ThreshX, HighP" in TS 38.304 [20].

	threshX-HighQ
Parameter "ThreshX, HighQ" in TS 38.304 [20].

	threshX-Low
Parameter "ThreshX, LowP" in TS 38.304 [20].

	threshX-LowQ
Parameter "ThreshX, LowQ" in TS 38.304 [20].

	t-ReselectionEUTRA-SF
Parameter "Speed dependent ScalingFactor for TreselectionEUTRA" in TS 38.304 [20]. If the field is absent, the UE behaviour is specified in TS 38.304 [20].



	Conditional Presence
	Explanation

	RSRQ
	The field is mandatory present if the threshServingLowQ is present in SIB2; otherwise it is absent.
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