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1. Introduction
EPS fallback for IMS voice has been widely deployed in field for IMS voice support. Considering the end-to-end procedure involves 5GS and EPS core nodes and RAN nodes, resulting in long latency and bad UE experience of voice service, the enhancements targeting at latency reduction are required. 
In RAN2 #116e meeting, the paging trigged fast EPS fallback (as well as setting voice as establishmentCause/resumeCause) solution [1] was discussed during offline #49 [2], and suggested by Chair as “Keep on the table”. In this contribution, we provide further details on UE/NW behaviour, performance gain, and clarifications to company’s comments.
2. Solution description
2.1 Rel-15 procedure and delay component
In Rel-15 the EPS fallback procedure as shown in Figure 1 below, a RRC_CONNECTED NR in a NR cell can establishes the IMS voice session through 5GC for SIP signaling transfer. For both of MT and MO calls, when the voice QoS flow setup request from 5GC reaches gNB, gNB can decide to trigger EPS fallback by HO or redirection to E-UTRA cell, taking into account of network configuration (N26 availability, VoNR support), radio conditions, and etc. And for the UE in IDLE/INACTIVE mode, it needs to enter RRC_CONNECTED mode for MO calls or triggered by paging for MT calls. Then the delay of RRC_IDLE/RRC_INACTIVE mode is more than that of RRC_CONNECTED mode.
· In case of RRC_CONNECTED mode, the latency of EPS fallback is mainly brought by inter-system HO/redirection from NR to E-UTRA (also include the measurement configuration and reporting if the network needs measurement results to decide target).
· For the case of RRC_IDLE/INACTIVE mode, the latency components further includes paging reception (for MT calls), the RRC connection setup/resume, the IMS procedure for SIP signalling, followed by the inter-system HO/redirection triggered by gNB. 
For RRC_CONNECTED mode, the latency of measurement configuration and reporting during inter-system HO/redirection can be reduced by some network implementation, e.g. configuring measurement to the UEs having IMS session before the call is coming, or estimating radio condition in other ways than measurement reporting. For RRC_IDLE/INACTIVE mode, considering in the typical NR-LTE coexistence deployment the LTE coverage would be better than NR, and once gNB decides EPS fallback should be performed for a UE, the UE should be able to find a suitable E-UTRA cell. Then it is beneficial that the RAN connection and CN connection establishment in 5GS side can be skipped after paging reception indicating voice. 
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.


Figure 1. EPS Fallback for IMS voice (Figure 4.13.6.1-1 in TS 23.502)
2.2 Paging triggered fast EPS fallback 
EPS fallback indication in Rel-16
In Rel-16, to improve EPS fallback performance, network can include a voiceFallbackIndication in MobilityFromNRCommand or RRCRelease message to indicate the HO or Redirection is triggered by EPS fallback. In details, the usage of the voiceFallbackIndication is as below:
· In case of NR-to-EUTRA HO, upon HO failure the UE shall first try to select an E-UTRA cell instead of initiating RRC reestablishment as legacy;
· In case of redirection, the UE shall set the establishmentCause to mo-VoiceCall. 
The above enhancements can reduce the voice call setup delay in case of HO failure and eliminate the HO/E-UTRA RRC setup failure due to target admission control on non-voice service.
Voice service indication in Paging message in Rel-17
In Rel-17 MUSIM topic it was agreed to add a voice service indication in paging message from 5GC to gNB, so that gNB can include the voice service indication in AS Paging message. The similar mechanism applies to INACTIVE UE as well. The potential usage of the indication is to let UE prioritize the voice service. 
Paging triggered fast EPS fallback in Rel-17
Assuming a gNB would eventually trigger EPS fallback for a MT-Call of a IDLE/INACTIVE UE, i.e. by paging the UE to CONNECTED mode and performing a subsequent HO/redirection, if it can see the paging is for voice service it can already make the decision of EPS fallback taking into account the network configuration (N26 availability, VoNR preferred or not, NR/E-UTRA coverage) and UE (paging) capability, thus the EPS fallback indication can be included in the paging message. The following figures show the basic steps in case of IDLE/INACTIVE UE is paged. 




Figure 2: Paging triggered fast EPS fallback
On UE capability aspect, it is usually preferred to have a separate UE capability introduced in later release. There are two ways to handle the UE capability reporting for the paging triggered EPS fallback solution:
· Option1: via NAS capability. Similarly like the capability of paging indicating voice, the capability is reported by NAS message, and the 5GC can send the capability together with the paging message including voice indication to RAN.
· Option2: via AS capability. As the capability mainly affects the gNB handling of paging message, this capability can be extracted and included in UERadioPagingInformation message which is uploaded to and downloaded from the 5GC for CN paging, or transferred between gNBs for RAN paging.
Option2 is agnostic to CN/RAN3 and can be easily specified by RAN2. The UE reporting such capability should also report the NAS capability of Paging indication for voice services (PIV) as specified in TS 24.501.
Table 1: UE/network behavior in paging triggered fast EPS fallback solution.
	In network side,

	5GC
	For IDLE UE, provides voice service indication in paging message and paging capability for the UE reporting NAS capability of Paging indication for voice services (PIV) as already specified in TS 24.501.
For INACITVE UE, passes DL data of IMS session to gNB as legacy.

	gNB
	For IDLE UE, upon reception of paging from CN it decides to trigger EPS fallback taking into account network configuration and UE paging capability.
For INACITVE UE, upon reception of DL data from CN or receiving RAN paging from neighbor gNB, it decides to trigger EPS fallback taking into account network configuration and UE (paging) capability.
Optional, the gNB can broadcast an EPS fallback specific E-UTRA frequency list/cell list to indicate the E-UTRA target. (Or the E-UTRA frequency list in SIB5 for inter-RAT reselection can be reused for the same purpose.) This is to provide UE some assistance information on E-UTRA cell to save UE effort/power consumption of blindly cell scanning. 

	In UE side,

	In NR cell
	UE reports NAS capability of Paging indication for voice services (PIV) as already specified in TS 24.501, and the AS capability of supporting EPS fallback indication included in paging message.
Upon reception of CN/RAN paging message indicating EPS fallback, 
· the INACTIVE UE enters IDLE mode;
· the UE tries to select a suitable E-UTRA cell (using the EPS fallback specific E-UTRA frequency list/cell list if broadcasted);

	In E-UTRA cell
	The UE initiates RRC connection setup procedure indicating voice as cause value in the RRC setup request. 
After RRC connection establishment, the UE initiates TAU procedure as legacy, wherein EPS can retrieve the CN context of the UE and reestablish the UE service as legacy. 
The above two steps are the same as the Rel-16 redirection case.



Proposal 1: To reduce the EPS fallback latency for the case that UE is paged in RRC_IDLE/INACTIVE for voice service, RAN2 to agree the following enhancements:
· 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 (existing carrierFreqListEUTRA in SIB5 or new list) to assist the UE to select an E-UTRA cell for voice service.
2.3 Voice cause value in NR MSG.3 for MT-call in Rel-17
In legacy network where IDLE/INACTIVE UEs having an MT-call can only be paged and access in NR cell first, after that gNB can decide whether to support the voice service via VoNR or EPS fallback. In this case, the cause value in MSG. 3 should be set properly to give the network a hint on the upcoming voice service. For instance, in existing network implementation, the gNB will configure RRM measurement to a UE based on the mo-voice in RRC setup message, so that the measurement results would be available when voice QoS flow is requested to be setup from 5GC. However currently the UE is required to indicate mt-access for all the service, the gNB has no clue of which service is coming, that is why we propose to let the UE set NR RRC establishmentCause or resumeCause as mo-voice instead of mt-access if paging message includes voice service indication. The basic procedure is shown in the below figures.
For clarification, the voice cause value in this solution and the paging triggered fast EPS fallback solution serve different purpose. The one in paging triggered fast EPS fallback is for better voice admission control in E-UTRA side (the same was specified in Rel-16 for redirection case), while the one in NR MSG.3 is to let gNB to reserve resource and prepare other voice specific handling.




Figure 3: Voice cause value in NR MSG.3 for MT-call
Proposal 2: For better handling of MT-call for IDLE/INACTIVE UE in NR, RAN2 to agree the following enhancement:
· Upon reception of NR CN/RAN paging indicating voice (not EPS fallback indication), the UE sets the NR RRC establishment/Resume cause as voice instead of mt-access.
The spec impact on TS 38.331, TS 38.306, TS 36.331 is given in the Annex, from which we can see there is not much standard work to support the solutions of paging triggered EPS fallback and voice cause in msg3.
Observation 2: The spec impact to support paging triggered EPS fallback and voice cause in NR msg3 is limited to TS 38.331, TS 38.306, TS 36.331, and the changes are very straightforward. 
3. Clarifications to comments in [AT116-e][049][TEI17].
	Concerns/Comments
	Huawei views

	Dependency with SA/CT
	As summarized in Table1 of UE/NW behavior in paging triggered fast EPS fallback solution, we do not foresee either any new procedure/handling required in CN side or any new message/IE needed in RAN3 interfaces, so we understand there is no/minor impact on CT1/SA2 or RAN3. In particular, the UE accesses the E-UTRA cell and initiates TAU towards EPC as legacy, leading to existing EPC-5GC interworking.
One comment was that in the exiting EPS fallback procedure as descripted in TS 23.502 gNB may take into account indication from AMF that "Redirection for EPS fallback for voice is possible" which is received as part of initial context setup to decide if to perform EPS fallback for a given UE, but in the proposed solution, there is no UE context in RAN for IDLE UE. We understand this indication is not an essential input for the current EPS fallback procedure (the indication is optional NGAP IE and was added in TS 38.413 f30), as redirection is a mandatory UE cap and supported by default in NW side (it is also observed this indication is not used in field).

	Impact on paging capacity and security
	For paging capacity, in LTE CS/PS indication is included in paging, and here EPS fallback is just a similar one-bit indication, would not impact capacity much in our understanding.
For paging security, we understand the indication is only to let UE trigger EPS fallback procedures quickly, and do faster selection to an E-UTRA cell for voice services. After getting the indication from the network, it can still use the measurements to find a suitable cell for access. In addition, we observed SA3 has discussed the security requirement specific to paging in MUSIM and there seems no problem foreseen (i.e. in SA3 agreed TP S3-212687, the conclusion is no security threats of exposing 'paging cause’).

	Broadcasting VoNR support indication
	We prefer to enable network to trigger EPS fallback on per-UE basis, i.e. via paging message. On top of that, we are open to consider this per-cell control.



Observation 3: The paging triggered EPS fallback solution can reuse legacy TAU and 4G-5G interworking with no impact on SA/CT and RAN3, and there is no paging capacity and security concern foreseen.
4. Performance gain
To illustrate the performance gain, we give the rough latency analysis in the table 2 as below, which are based on the statistical data collected from real implementation after normalized and average processing. Note that:
· Different network deployment, HW/SW capability of network devices, and other factors may result different numerical value, but the trend should be revealing. 
· In the table, only the call setup time in MT side is listed. The E2E call setup time could be twice in average. 
Table 2: Latency reduction of paging triggered fast EPS fallback.
	
	MT Procedure (ms)
	Latency reduction compared with paging triggered fast EPS fallback

	
	NR
	LTE
	Total
	

	
	Paging
(with paging cycle of 1280)
	RRC connection and NAS connection establishment 
(including RRC establishment, NAS registration, NAS/AS security activation, etc) 
	SIP signaling
(including Invite, Trying)
	EPS fallback decision triggered at setup of voice data QoS flow
(including B1 measurement configuration and reporting) 
	HO/Redirection
	AS access/RRC connection establishment and TAU
	SIP signaling
(including QCI 1 establishment, MO-Update, MT-Update, Ring, etc.)
	
	

	HO based on MR
	640
	200
	50
	850 (including 580 B1 measurement configuration and reporting)
	160
	200
	550
	T1=2650
	(T1-T5)/T5
=24%

	Redirection based on MR
	640
	200
	50
	770 (including 580 B1 measurement configuration and reporting)
	250
	400
	550
	T2=2860
	(T2-T5)/T5
=36%

	Blindly HO
	640
	200
	50
	230
	160
	200
	550
	T3=2030
	(T3-T5)/T5
=9%

	Blindly Redirection
	640
	200
	50
	150
	250
	400
	550
	T4=2240
	(T4-T5)/T5
=18%

	Paging triggered fast EPS fallback
	640
	0
	0
	0
	250
	400
	550
	T5=1840
	N/A



We can see the paging triggered fast EPS fallback can reduce 9%~36% latency of the existing EPS fallback procedure. Compare with the blindly HO/redirection case, although the latency reduction is with the smallest rate, the paging triggered EPS fallback has advantages in the following aspects:
· In cell edge, the failure of blindly HO/redirection may increase due to uncertain radio environment. But in paging triggered EPS fallback, the UE will follow the legacy cell selection procedure and select a suitable E-UTRA cell, which avoids HO/redirection failure.
· Paging triggered EPS fallback can save the NR side AS/upper layer procedures and also the radio resource.
Observation 4: The paging triggered EPS fallback solution can reduce 9%~36% latency of the existing EPS fallback procedure, and has better success rate than blindly HO/redirection in cell edge.
5. Conclusion
In this contribution, we propose to improve EPS fallback performance by paging triggered fast EPS fallback solution and voice cause value in NR RRCSetupRequest/RRCResumeRequest messages. In addition, the further clarifications on spec impact/performance gain of paging triggerd EPS fallback solution is given.
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 spec impact to support paging triggered EPS fallback and voice cause in NR msg3 is limited to TS 38.331, TS 38.306, TS 36.331, and the changes are very straightforward.
Observation 3: The paging triggered EPS fallback solution can reuse legacy TAU and 4G-5G interworking with no impact on SA/CT and RAN3, and there is no paging capacity and security concern foreseen.
Observation 4: The paging triggered EPS fallback solution can reduce 9%~36% latency of the existing EPS fallback procedure, and has better success rate than blindly HO/redirection in cell edge.
Proposal 1: To reduce the EPS fallback latency for the case that UE is paged in RRC_IDLE/INACTIVE for voice service, RAN2 to agree the following enhancements:
· 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 (existing carrierFreqListEUTRA in SIB5 or new list) to assist the UE to select an E-UTRA cell for voice service.
Proposal 2: For better handling of MT-call for IDLE/INACTIVE UE in NR, RAN2 to agree the following enhancement:
· Upon reception of NR CN/RAN paging indicating voice (not EPS fallback indication), the UE sets the NR RRC establishment/Resume cause as voice instead of mt-access.
6. TP to TS38.331
[bookmark: _Toc20426099]START OF CHANGE
[bookmark: _Toc76423025][bookmark: _Toc60776739][bookmark: _Toc68015395][bookmark: _Toc60777454]5.3.2	Paging
[bookmark: _Toc76423026][bookmark: _Toc60776740]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: _Toc76423027][bookmark: _Toc60776741]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: _Toc76423028][bookmark: _Toc60776742]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: _Toc76423033][bookmark: _Toc60776747]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;
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: _Toc60776833][bookmark: _Toc90650705]5.3.13.2	Initiation
The UE initiates the procedure when upper layers or AS (when responding to RAN paging, upon triggering RNA updates while the UE is in RRC_INACTIVE, or for NR sidelink communication/V2X sidelink communication as specified in sub-clause 5.3.13.1a) requests the resume of a suspended RRC connection.
The UE shall ensure having valid and up to date essential system information as specified in clause 5.2.2.2 before initiating this procedure.
Upon initiation of the procedure, the UE shall:
1>	if the resumption of the RRC connection is triggered by response to NG-RAN paging:
2>	select '0' as the Access Category;
2>	perform the unified access control procedure as specified in 5.3.14 using the selected Access Category and one or more Access Identities provided by upper layers;
3>	if the access attempt is barred, the procedure ends;
1>	else if the resumption of the RRC connection is triggered by upper layers:
2>	if the upper layers provide an Access Category and one or more Access Identities:
3>	perform the unified access control procedure as specified in 5.3.14 using the Access Category and Access Identities provided by upper layers;
4>	if the access attempt is barred, the procedure ends;
2>	if the resumption occurs after release with redirect with mpsPriorityIndication:
3>	set the resumeCause to mps-PriorityAccess;
2>	else if the resumption of the RRC connection is the result of paging with pagingCause as voice as specified in 5.3.2:
3>	set the resumeCause to mo-VoiceCall;
2>	else:
3>	set the resumeCause in accordance with the information received from upper layers;
1>	else if the resumption of the RRC connection is triggered due to an RNA update as specified in 5.3.13.8:
2>	if an emergency service is ongoing:
NOTE:	How the RRC layer in the UE is aware of an ongoing emergency service is up to UE implementation.
3>	select '2' as the Access Category;
3>	set the resumeCause to emergency;
2>	else:
3>	select '8' as the Access Category;
2>	perform the unified access control procedure as specified in 5.3.14 using the selected Access Category and one or more Access Identities to be applied as specified in TS 24.501 [23];
3>	if the access attempt is barred:
4>	set the variable pendingRNA-Update to tru
4>	the procedure ends;



NEXT CHANGE
[bookmark: _Toc76423375][bookmark: _Toc60777089][bookmark: _Hlk54206646]6.2.2	Message definitions
[bookmark: _Toc76423390][bookmark: _Toc60777104]–	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: _Toc76423430][bookmark: _Toc60777144]NEXT CHANGE
[bookmark: _Toc60777140][bookmark: _Toc76423426][bookmark: _Toc60777428][bookmark: _Toc90651301][bookmark: _Toc60777457][bookmark: _Toc90651330][bookmark: _Toc60777639][bookmark: _Toc90651514]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	Comment by Huawei, HiSilicon_Rui Wang: Whether new list or existing list to be use can be FFS. Here new list is assumed to show spec impact. 

}

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.


NEXT CHANGE
6.3.3	UE capability information elements
–	IMS-Parameters
The IE IMS-Parameters is used to convey capabilities related to IMS.
IMS-Parameters information element
-- ASN1START
-- TAG-IMS-PARAMETERS-START

IMS-Parameters ::=         SEQUENCE {
    ims-ParametersCommon       IMS-ParametersCommon                  OPTIONAL,
    ims-ParametersFRX-Diff     IMS-ParametersFRX-Diff                OPTIONAL,
    ...
}

IMS-ParametersCommon ::=   SEQUENCE {
    voiceOverEUTRA-5GC                  ENUMERATED {supported}                OPTIONAL,
    ...,
    [[
    voiceOverSCG-BearerEUTRA-5GC        ENUMERATED {supported}                OPTIONAL
    ]],
    [[
    voiceFallbackIndicationEPS-r16       ENUMERATED {supported}                   OPTIONAL
    ]],
    [[
    voiceFallbackIndicationEPS-Paging-r17       ENUMERATED {supported}                   OPTIONAL
    ]]
}

IMS-ParametersFRX-Diff ::= SEQUENCE {
    voiceOverNR                ENUMERATED {supported}                OPTIONAL,
    ...
}

-- TAG-IMS-PARAMETERS-STOP
-- ASN1STOP


NEXT CHANGE
[bookmark: _Toc60777633][bookmark: _Toc90651508]11.2.2	Message definitions
–	UERadioPagingInformation
This message is used to transfer radio paging information, covering both upload to and download from the 5GC, and between gNBs.
Direction: gNB to/ from 5GC and gNB to/from gNB
UERadioPagingInformation message
-- ASN1START
-- TAG-UE-RADIO-PAGING-INFORMATION-START

UERadioPagingInformation ::= SEQUENCE {
    criticalExtensions                  CHOICE {
        c1                                  CHOICE{
            ueRadioPagingInformation            UERadioPagingInformation-IEs,
            spare7 NULL,
            spare6 NULL, spare5 NULL, spare4 NULL,
            spare3 NULL, spare2 NULL, spare1 NULL
        },
        criticalExtensionsFuture            SEQUENCE {}
    }
}

UERadioPagingInformation-IEs ::=    SEQUENCE {
    supportedBandListNRForPaging        SEQUENCE (SIZE (1..maxBands)) OF FreqBandIndicatorNR    OPTIONAL,
    nonCriticalExtension                UERadioPagingInformation-v15e0-IEs                      OPTIONAL
}

UERadioPagingInformation-v15e0-IEs ::= SEQUENCE {
    dl-SchedulingOffset-PDSCH-TypeA-FDD-FR1     ENUMERATED {supported}          OPTIONAL,
    dl-SchedulingOffset-PDSCH-TypeA-TDD-FR1     ENUMERATED {supported}          OPTIONAL,
    dl-SchedulingOffset-PDSCH-TypeA-TDD-FR2     ENUMERATED {supported}          OPTIONAL,
    dl-SchedulingOffset-PDSCH-TypeB-FDD-FR1     ENUMERATED {supported}          OPTIONAL,
    dl-SchedulingOffset-PDSCH-TypeB-TDD-FR1     ENUMERATED {supported}          OPTIONAL,
    dl-SchedulingOffset-PDSCH-TypeB-TDD-FR2     ENUMERATED {supported}          OPTIONAL,
    nonCriticalExtension                UERadioPagingInformation-v17xx-IEsSEQUENCE {}                                 OPTIONAL
}

UERadioPagingInformation-v17xx-IEs ::= SEQUENCE {
    voiceFallbackIndicationEPS-Paging-r17      ENUMERATED {supported}          OPTIONAL,
    nonCriticalExtension                       SEQUENCE {}                     OPTIONAL
}

-- TAG-UE-RADIO-PAGING-INFORMATION-STOP
-- ASN1STOP

	UERadioPagingInformation field descriptions

	supportedBandListNRForPaging
Indicates the UE supported NR frequency bands which are derived by the gNB from UE-NR-Capability.

	dl-SchedulingOffset-PDSCH-TypeA-FDD-FR1
Indicates whether the UE supports DL scheduling slot offset (K0) greater than 0 for PDSCH mapping type A in FDD FR1.

	dl-SchedulingOffset-PDSCH-TypeA-TDD-FR1
Indicates whether the UE supports DL scheduling slot offset (K0) greater than 0 for PDSCH mapping type A in TDD FR1.

	dl-SchedulingOffset-PDSCH-TypeA-TDD-FR2
Indicates whether the UE supports DL scheduling slot offset (K0) greater than 0 for PDSCH mapping type A in TDD FR2.

	dl-SchedulingOffset-PDSCH-TypeB-FDD-FR1
Indicates whether the UE supports DL scheduling slot offset (K0) greater than 0 for PDSCH mapping type B in FDD FR1.

	dl-SchedulingOffset-PDSCH-TypeB-TDD-FR1
Indicates whether the UE supports DL scheduling slot offset (K0) greater than 0 for PDSCH mapping type B in TDD FR1.

	dl-SchedulingOffset-PDSCH-TypeB-TDD-FR2
Indicates whether the UE supports DL scheduling slot offset (K0) greater than 0 for PDSCH mapping type B in TDD FR2.

	voiceFallbackIndicationEPS-Paging
Indicates whether the UE supports to select an E-UTRA cell upon reception voiceFallbackIndication in Paging message which is derived by the gNB from UE-NR-Capability.




7. TP to TS38.306
[bookmark: _Toc12750911][bookmark: _Toc29382276][bookmark: _Toc37093393][bookmark: _Toc37238669][bookmark: _Toc37238783][bookmark: _Toc46488681][bookmark: _Toc52574102][bookmark: _Toc52574188][bookmark: _Toc83660471]4.2.13	IMS Parameters
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	voiceFallbackIndicationEPS-r16
Indicates whether the UE supports voiceFallbackIndication in RRCRelease and MobilityFromNRCommand. If this field is included, the UE shall support IMS voice over NR and IMS voice over E-UTRA via EPC.
	UE
	No
	No
	No

	voiceFallbackIndicationEPS-Paging-r17
Indicates whether the UE supports voiceFallbackIndication in Paging message. If this field is included, the UE shall support IMS voice over NR and IMS voice over E-UTRA via EPC.
	UE
	No
	No
	No

	voiceOverEUTRA-5GC
Indicates whether the UE supports IMS voice over E-UTRA via 5GC. It is mandated to the UE if the UE is capable of IMS voice over E-UTRA via 5GC. Otherwise, the UE does not include this field. If this field is included and the UE is capable of E-UTRA with EPC, the UE shall support IMS voice over E-UTRA via EPC.
	UE
	No
	No
	No

	voiceOverNR
Indicates whether the UE supports IMS voice over NR. It is mandated to the UE if the UE is capable of IMS voice over NR. Otherwise, the UE does not include this field. If this field is included and the UE is capable of E-UTRA with EPC, the UE shall support IMS voice over E-UTRA via EPC.
	UE
	No
	No
	Yes

	voiceOverSCG-BearerEUTRA-5GC
Indicates whether the UE supports IMS voice over SCG bearer of NE-DC.
	UE
	No
	No
	N/A



NOTE:	In this release of specification, IMS voice over split bearer is not supported for NR-DC and NE-DC.
8. TP to TS36.331
[bookmark: _Toc36566449][bookmark: _Toc36809858][bookmark: _Toc36846222][bookmark: _Toc36938875][bookmark: _Toc37081854][bookmark: _Toc46480479][bookmark: _Toc46481713][bookmark: _Toc46482947][bookmark: _Toc90678744]5.3.3.2	Initiation
------------------------The text without change is omitted.-----------------------------------------------------------
1>	else if the UE is establishing the RRC connection for mobile originating MMTEL voice, mobile originating MMTEL video, mobile originating SMSoIP or mobile originating SMS; or
1>	if the UE is establishing the RRC connection after EPS fallback for IMS voice (see TS 23.502 [102]) was triggered in NR via RRCRelease or Paging message with voiceFallbackIndication (see TS 38.331 [82]):
2>	if the UE is establishing the RRC connection for mobile originating MMTEL voice and SystemInformationBlockType2 includes ac-BarringSkipForMMTELVoice; or
2>	if the UE is establishing the RRC connection for mobile originating MMTEL video and SystemInformationBlockType2 includes ac-BarringSkipForMMTELVideo; or
2>	if the UE is establishing the RRC connection for mobile originating SMSoIP or SMS and SystemInformationBlockType2 includes ac-BarringSkipForSMS:
3>	consider access to the cell as not barred;
2>	else:
3>	if establishmentCause received from higher layers is set to mo-Signalling (including the case that mo-Signalling is replaced by highPriorityAccess according to TS 24.301 [35] or by mo-VoiceCall according to the clause 5.3.3.3):
4>	perform access barring check as specified in 5.3.3.11, using T305 as "Tbarring" and ac-BarringForMO-Signalling as "AC barring parameter";
4>	if access to the cell is barred:
5>	inform upper layers about the failure to establish the RRC connection or failure to resume the RRC connection with suspend indication and that access barring for mobile originating signalling is applicable, upon which the procedure ends;
3>	if establishmentCause received from higher layers is set to mo-Data (including the case that mo-Data is replaced by highPriorityAccess according to TS 24.301 [35] or by mo-VoiceCall according to the clause 5.3.3.3):
4>	perform access barring check as specified in 5.3.3.11, using T303 as "Tbarring" and ac-BarringForMO-Data as "AC barring parameter";
4>	if access to the cell is barred:
5>	if SystemInformationBlockType2 includes ac-BarringForCSFB or the UE does not support CS fallback:
6>	inform upper layers about the failure to establish the RRC connection or failure to resume the RRC connection with suspend indication and that access barring for mobile originating calls is applicable, upon which the procedure ends;
5>	else (SystemInformationBlockType2 does not include ac-BarringForCSFB and the UE supports CS fallback):
6>	if timer T306 is not running, start T306 with the timer value of T303;
6>	inform upper layers about the failure to establish the RRC connection or failure to resume the RRC connection with suspend indication and that access barring for mobile originating calls and mobile originating CS fallback is applicable, upon which the procedure ends;
------------------------The text without change is omitted.-----------------------------------------------------------
[bookmark: _Toc20486770][bookmark: _Toc29342062][bookmark: _Toc29343201][bookmark: _Toc36566450][bookmark: _Toc36809859][bookmark: _Toc36846223][bookmark: _Toc36938876][bookmark: _Toc37081855][bookmark: _Toc46480480][bookmark: _Toc46481714][bookmark: _Toc46482948][bookmark: _Toc90678745]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 establishment of the RRC connection is the result of release with redirect with mpsPriorityIndication (either in NR or E-UTRAN):
3>	set the establishmentCause to highPriorityAccess;
2>	else:
3>	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; or
3>	if the UE supports mo-VoiceCall establishment cause and EPS fallback for IMS voice (see TS 23.502 [102]) was triggered in NR via RRCRelease or Paging message with voiceFallbackIndication (see TS 38.331 [82]) and SystemInformationBlockType2 includes voiceServiceCauseIndication and the establishment cause received from upper layers is not set to highPriorityAccess or emergency:
4>	set the establishmentCause to mo-VoiceCall;
3>	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:
4>	set the establishmentCause to mo-VoiceCall;
3>	else:
4>	set the establishmentCause in accordance with the information received from upper layers;
------------------------The text without change is omitted.-----------------------------------------------------------
9. Reference
[1] R2-2110485	EPS fallback enhancements for UEs in IDLE/INACTIVE	Huawei, HiSilicon, CMCC, China Telecom, China Unicom, LG Uplus
[2] R2-2111537	[AT116-e][049][TEI17] TEI17 NR proposals RAN2 Chair (MediaTek Inc)
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