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1. Introduction
This contribution proposes to introduce the mechanism of disabling the UE’s NR capability to avoid unwanted handover or cell reselection while supporting IMS voice over PS Session, for the case IMS voice over PS session, not over NR connected to 5GC but handover to E-UTRA connected to 5GC. 
2. Reason for Change
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In EPS, E-UTRA disabling was designed for cases when voice centric UE cannot receive voice services(IMS voice not available and CS fallback not available), in order to prevent unwanted handover from UTRAN/GERAN to E-UTRAN. The same procedure is re-used also for the cases when the user manually switches off PS services which leads to UE detaching from PS domain by performing UE initiated detach for EPS services.
In 3GPP 24.301 clause 4.5 “Disabling and re-enabling of UE's E-UTRA capability”, the following are specified:
[bookmark: _Toc493843831]4.5	Disabling and re-enabling of UE's E-UTRA capability
When the UE is disabling the E-UTRA capability, it should proceed as follows:
a)	select another RAT (GERAN or UTRAN) of the registered PLMN or a PLMN from the list of equivalent PLMNs;
b)	if another RAT of the registered PLMN or a PLMN from the list of equivalent PLMNs cannot be found, or the UE does not have a registered PLMN, then perform PLMN selection as specified in 3GPP TS 23.122 [6]. As an implementation option, instead of performing PLMN selection, the UE may select another RAT of the chosen PLMN. If disabling of E-UTRA capability was not due to UE initiated detach procedure for EPS services only, the UE may re-enable the E-UTRA capability for this PLMN selection; or
c)	if no other allowed PLMN and RAT combinations are available, then the UE may re-enable the E-UTRA capability and remain registered for EPS services in E-UTRAN of the registered PLMN. If the UE chooses this option, then it may periodically attempt to select another PLMN and RAT combination that can provide non-EPS services. How this periodic scanning is done, is UE implementation dependent.
The UE shall re-enable the E-UTRA capability when performing a PLMN selection unless:
-	the disabling of E-UTRA capability was due to UE initiated detach procedure for EPS services only; or
-	the UE has already re-enabled the E-UTRA capability when performing bullets b) or c) above.
[bookmark: OLE_LINK110]If due to handover, the UE moves to a new PLMN in A/Gb or Iu mode which is not in the list of equivalent PLMNs and not a PLMN memorized by the UE for which E-UTRA capability was disabled, and the disabling of E-UTRA capability was not due to UE initiated detach procedure for EPS services only, the UE shall re-enable the E-UTRA capability after the RR/RRC connection is released.
If UE that has disabled its E-UTRA capability due to IMS voice not available and CS fallback not available re-enables it when PLMN selection is performed, then it should memorize the identity of the PLMNs where E-UTRA capability was disabled and use that stored information in subsequent PLMN selections as specified in 3GPP TS 23.122 [6].
The UE may support "E-UTRA Disabling for EMM cause #15" and implement the following behaviour:
-	if the "E-UTRA Disabling Allowed for EMM cause #15" parameter as specified in 3GPP TS 24.368 [15A] or 3GPP TS 31.102 [17] is present and set to enabled; and
-	if the UE receives an ATTACH REJECT or TRACKING AREA UPDATE REJECT message including both EMM cause #15 "no suitable cells in tracking area" and an Extended EMM cause IE with value "E-UTRAN not allowed";
then the UE shall disable the E-UTRA capability, memorize the identity of the PLMN where the E-UTRA capability was disabled and use that stored information in subsequent PLMN selections as specified in 3GPP TS 23.122 [6].
When the UE supporting the A/Gb and/or Iu mode together with the S1 mode needs to stay in A/Gb or Iu mode, in order to prevent unwanted handover or cell reselection from UTRAN/GERAN to E-UTRAN, the UE shall disable the E-UTRA capability.
-	The UE shall not set the E-UTRA support bits of the MS Radio Access capability IE (see 3GPP TS 24.008 [13], subclause 10.5.5.12a), the E-UTRA support bits of Mobile Station Classmark 3 IE (see 3GPP TS 24.008 [13], subclause 10.5.1.7), the PS inter-RAT HO from GERAN to E-UTRAN S1 mode capability bit and the ISR support bit of the MS network capability IE (see 3GPP TS 24.008 [13], subclause 10.5.5.12) in the ATTACH REQUEST message and the ROUTING AREA UPDATE REQUEST message after it selects GERAN or UTRAN;
-	the UE shall use the same value of the EPC capability bit of the MS network capability IE (see 3GPP TS 24.008 [13], subclause 10.5.5.12) in the ATTACH REQUEST message and the ROUTING AREA UPDATE REQUEST message; and
-	the UE NAS layer shall indicate the access stratum layer(s) of disabling of the E-UTRA capability.
NOTE 1:	The UE can only disable the E-UTRA capability when in EMM-IDLE mode.
If the UE is disabling its E-UTRA capability before selecting to GERAN or UTRAN radio access technology, the UE shall not perform the detach procedure of subclause 5.5.2.1.
If the UE is required to disable the E-UTRA capability and select GERAN or UTRAN radio access technology, and the UE is in the EMM-CONNECTED mode, the UE shall locally release the established NAS signalling connection and enter the EMM-IDLE mode before selecting GERAN or UTRAN radio access technology.
If the E-UTRA capability was disabled due to the attempt to select GERAN or UTRAN radio access technology progressing the CS emergency call establishment (see subclause 4.3.1), the criteria to enable the E-UTRA capability again is UE implementation specific.
If the E-UTRA capability was disabled due to the UE initiated detach procedure for EPS services only (see subclause 5.5.2.2.2), upon request of the upper layers to re-attach for EPS services the UE shall enable the E-UTRA capability again. If the E-UTRA capability was disabled due to receipt of EMM cause #14 "EPS services not allowed in this PLMN", then the UE shall enable the E-UTRA capability when the UE powers off and powers on again or the USIM is removed. If E-UTRA capability was disabled for any other reason, the UE shall enable the E-UTRA capability in the following cases:
-	the UE mode of operation changes from CS/PS mode 1 of operation to CS/PS mode 2 of operation;
-	the UE mode of operation changes from PS mode 1 of operation to PS mode 2 of operation; or
-	the UE powers off and powers on again or the USIM is removed;
As an implementation option, the UE may start a timer for enabling E-UTRA  when the UE's attach attempt counter or tracking area updating attempt counter reaches 5 and the UE disables E-UTRA capability for cases described in subclauses 5.5.1.2.6, 5.5.1.3.4.3, 5.5.1.3.6, 5.5.3.2.6, 5.5.3.3.4.3 and 5.5.3.3.6. On expiry of this timer:
-	if the UE is in Iu mode or A/Gb mode and is in idle mode as specified in 3GPP TS 24.008 [13] on expiry of the timer, the UE should enable the E-UTRA capability;
-	if the UE is in Iu mode or A/Gb mode and an RR connection exists, the UE shall delay enabling E-UTRA capability until the RR connection is released; and
-	if the UE is in Iu mode and a PS signalling connection exists but  no RR connection exists, the UE may abort the PS signalling connection before enabling E-UTRA capability.
For other cases, it is up to the UE implementation when to enable the E-UTRA capability.
NOTE 2:	If the UE is not operating in CS/PS mode 1 operation, the value of the timer for enabling E-UTRA capability is recommended to be not larger than the default value of T3402.
.Observation 1: The mechanism of disabling the UE’s E-UTRAN capability is applied for cases when voice centric UE cannot receive voice services in 4G EPS system.
2) 5G solution for IMS voice over PS Session
In 5G phase 1, the IMS voice over PS session is supported, which includes:
· IMS voice over PS session with 5G QoS Flow,
· IMS voice over PS session, not over NR connected to 5GC but handover to E-UTRA connected to 5GC,
· IMS voice over PS session, with handover to EPS supporting voice.
In 3GPP 23.501 clause 5.16, the following are specified:
[bookmark: _Toc501716533]5.16.3.2	IMS voice over PS Session Supported Indication over 3GPP access
The serving PLMN AMF shall send an indication toward the UE during the Registration procedure over 3GPP access to indicate if an IMS voice over PS session is supported or not supported. A UE with "IMS voice over PS" voice capability over 3GPP access should take this indication into account when performing voice domain selection, as described in clause 5.16.3.5.
The serving PLMN AMF may only indicate IMS voice over PS session supported over 3GPP access in one of the following cases:
-	If the network is able to provide a successful IMS voice over PS session in the current Registration Area with a 5G QoS Flow that supports voice as specified in clause 5.7.
-	If the network is not able to provide a successful IMS voice over PS session over NR connected to 5GC, but is able for one of the following:
-	If E-UTRA connected to 5GC supports voice, and the NG-RAN supports a handover to E-UTRA connected to 5GC for this UE at QoS Flow establishment for voice; or 
-	If the UE supports HO to EPS, the EPS supports voice, and the NG-RAN supports a handover to EPS for this UE at QoS Flow establishment for voice.
The serving PLMN provides this indication based e.g. on local policy, HPLMN and how extended NG-RAN coverage is. The AMF in serving PLMN shall indicate that IMS voice over PS is not supported if serving PLMN does not have an IMS roaming agreement with HPLMN. This indication is per Registration Area.
Editor's note:	If interactions between the AMF and RAN to determine functionality equivalent to Voice Support Match Indicator of EPC are needed, they are FFS.
[bookmark: _Toc501716537]5.16.3.5	Domain selection for UE originating sessions / calls
For UE originating calls, the 5GC capable UE performs access domain selection. The UE shall be able to take following factors into account for access domain selection decision:
-	The state of the UE in the IMS. The state information shall include: Registered, Unregistered.
-	The "IMS voice over PS session supported indication" as defined in clause 5.16.3.2.
-	Whether the UE is expected to behave in a "voice centric" or "data centric" way for 5GS.
-	UE capability of supporting IMS PS voice.
-	UE capability for operating in dual-registration mode with selective PDU Session transfer as defined in clause 5.17.2.3.3.
To allow for appropriate domain selection for originating voice calls, the UE shall attempt initial registration in 5GC. If the UE fails to use IMS for voice, e.g. due to "IMS voice over PS session supported indication" indicates voice is not supported in 5G System, the UE behaves as described below for "voice centric" for 5GS or "data centric" for 5GS:
-	A UE set to "voice centric" for 5GS shall always try to ensure that Voice service is possible. A voice centric 5GC capable and EPC capable UE unable to obtain voice service in 5GS shall not select a cell connected only to 5GC. By disabling capabilities to access 5GS, the UE re-selects to E‑UTRAN connected to EPC first (if available). When the UE selects E-UTRAN connected to EPC, the UE performs Voice Domain Selection procedures as defined in TS 23.221 [23].
-	A UE set to "data centric" for 5GS does not need to perform any reselection if voice services cannot be obtained.
NOTE:	The related radio capabilities in order for the voice centric UE to not reselect to NR or E-UTRA cell connected to 5GC (i.e. avoid ping pong) will be defined by RAN WGs.
In 3GPP 24.501 clause 4.9, on disabling and re-enabling of UE's N1 mode radio capability, the following are specified:
[bookmark: _Toc505611378][bookmark: _Toc505868275]4.9	Disabling and re-enabling of UE's N1 mode radio capability
When the UE supporting both N1 mode and S1 mode is disabling the N1 mode radio capability, it should proceed as follows:
a)	select an E-UTRA cell connected to EPC of the registered PLMN or a PLMN from the list of equivalent PLMNs; 
b)	if an E-UTRA cell connected to EPC of the registered PLMN or a PLMN from the list of equivalent PLMNs cannot be found, the UE may select another RAT of the registered PLMN or a PLMN from the list of equivalent PLMNs that the UE supports; 
c)	if another RAT of the registered PLMN or a PLMN from the list of equivalent PLMNs cannot be found, or the UE does not have a registered PLMN, then perform PLMN selection as specified in 3GPP TS 23.122 [3]; or
d)	if no other allowed PLMN and RAT combinations are available, then the UE may re-enable the N1 mode capability and remain camped in NG-RAN of the registered PLMN, and may periodically scan for another PLMN and RAT combination which can provide non-5GS services. 
When the UE supporting both N1 mode and S1 mode needs to stay in E-UTRA connected to EPC (e.g. due to the domain selection for UE originating sessions as specified in subclause 4.3.2), in order to prevent unwanted handover or cell reselection from E-UTRA connected to EPC to NG-RAN connected to 5GC, the UE operating in single-registration mode shall disable the N1 mode radio capability and:
a)	shall not indicate the support of N1 mode radio capability to the network; and 
b)	the UE NAS layer shall indicate the access stratum layer(s) of disabling of the N1 mode radio capability.
NOTE:	The UE can only disable the N1 mode radio capability when in 5GMM-IDLE mode.
Editor's note:	How the UE indicates not supporting the N1 mode radio capability to the network is FFS.
The UE shall re-enable the N1 mode radio capability when:
a)	the UE performs PLMN selection; or
b)	the UE powers off and powers on again or the USIM is removed.
If the disabling of N1 mode radio capability was due to IMS voice is not available and the UE’s usage setting is "voice centric", the UE shall re-enable the N1 mode radio capability when the UE’s usage setting is changed from "voice centric" to "data centric" or when the IMS voice becomes available in 5GS, as specified in subclauses 4.3.3 and 4.3.4.
As an implementation option, the UE may start a timer for re-enabling N1 mode radio capability, after the N1 mode radio capability is disabled. On the expiry of this timer, the UE should enable the N1 mode radio capability.
The UE should memorize the identity of the PLMN where N1 mode radio capability was disabled and should not consider this PLMN in subsequent PLMN selections as specified in 3GPP TS 23.122 [3].
Editor’s note:	How the UE uses the identity of the PLMN where N1 mode radio capability was disabled in subsequent PLMN selections is to be specified in 3GPP TS 23.122 [3].
Observation 2: To support IMS voice over PS Session, 1) IMS voice over PS session, not over NR connected to 5GC but handover to E-UTRA connected to 5GC, and 2)IMS voice over PS session, with handover to EPS supporting voice are included. For case 2) the disabling N1 mode radio capability is supported to avoid unwanted handover or cell reselection.
3. Conclusion
Based on the above discussion, the following conclusion can be drawn:
· Supporing IMS voice over PS Session, for the case 1) IMS voice over PS session, not over NR connected to 5GC but handover to E-UTRA connected to 5GC, the mechanism of disabling the UE’s NR capability to avoid unwanted handover or cell reselection is missing.
4. Proposal
It is proposed to introduce the mechanism of disabling the UE’s NR capability to 3GPP TS 24.501 v0.3.1.

* * * First Change * * * *
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When the UE is disabling the NR capability, it should proceed as follows:
a)	select another RAT (E-UTRAN) of the registered PLMN or a PLMN from the list of equivalent PLMNs;
b)	if another RAT of the registered PLMN or a PLMN from the list of equivalent PLMNs cannot be found, or the UE does not have a registered PLMN, then perform PLMN selection as specified in 3GPP TS 23.122 [3]. As an implementation option, instead of performing PLMN selection, the UE may select another RAT of the chosen PLMN. or
If UE, that has disabled its NR capability due to IMS voice not available over NR connected to 5GC but is available via E-UTRA connected to 5GC, re-enables it when PLMN selection is performed, then it should memorize the identity of the PLMNs where NR capability was disabled and use that stored information in subsequent PLMN selections as specified in 3GPP TS 23.122 [3].
NOTE 1:	The UE can only disable the NR capability when in 5GMM-IDLE mode.
Editor's note:	Other cases in which this mechanism is applied are FFS.
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