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1. Introduction
This p-CR is to provide a new subclause to describe UE’s behaviour on disabling and re-enabling of UE's N1 mode radio capabilities.

2. Reason for Change

Similar as disabling and re-enabling UE's E-UTRA capability in EPC, 5GS has defined disabling and re-enabling of UE's N1 mode radio capabilities in many cases, e.g. CN type restriction changed to "connect to 5GC is not allowed", the UE’s usage setting is "voice centric" in case of IMS voice is not available, the UE wants to use one or more functionalities not supported in 5GS but supported in EPS, etc.
Once the UE intends to disable the N1 mode radio capabilities, further UE behaviour needs to be specified, e.g. select an E-UTRA cell connected to EPC, when to re-enable the N1 mode radio capabilities. All these are the common for almost cases in which the UE needs to disable the N1 mode radio capabilities.
As the specification progress of 5G in stage 3, one can foresee more cases may be identified in which the UE needs to disable the N1 mode radio capabilities. If following the description style given in the current TR 24.890, it will repeat the same text for the same UE behaviour in all cases. This is not a good way forward.

Hence, it proposes to follow the similar descripton style given in TS 24.301 for disabling and re-enabling UE's E-UTRA capability in EPC, a specfic sublcaluse to describe the common UE’s bahviour and all other places just refer this subclause.

Furthermore, for UE’s behaviour, current TR just specified below parts:

(1) The UE attempts to select an E-UTRA cell connected to EPC;

(2) The re-enabling the N1 mode radio capabilities based on some conditions.
For (1), the UE’s behvaiour is not so clear enough, e.g. in case of no an E-UTRA cell connected to EPC in the registered PLMN, whether the UE can try the E-UTRA cell connected to EPC in the equivalent PLMN? In case of an E-UTRA cell connected to EPC 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, whether the UE can perform PLMN selection to try another allowed PLMN?
Also, in order to prevent ping-pong, the UE NAS should indicate the UE AS that the UE's N1 mode radio capabilities was disabled in the current PLMN, to prevent the AS layer perform cell reselection from E-UTRA connected to EPC to E-UTRA connected to 5GCN or NR connected to 5GCN.

To prevent unwanted handover from E-UTRA connected to EPC to E-UTRA connected to 5GCN or NR connected to 5GCN, the UE shuld indicate network that the UE's N1 mode radio capabilities was disabled in the current PLMN, but this is FFS so far.
3. Conclusions

4. Proposal

It is proposed to agree the following changes to 3GPP TR 24.890 V1.1.1.
* * * First Change * * * *

8.1.2.2
Domain selection for UE originating sessions / calls
The behaviour of the UE for domain selection is determined by:

-
the UE usage setting; 

-
the availability of IMS voice; and

-
whether the UE operates in single-registration mode or dual-registration mode (see 3GPP TS 23.501 [9]).
In the present document, "IMS voice not available" refers to one of the following conditions:

a)
the UE does not support IMS voice;

b)
the UE supports IMS voice, but the network indicates in the REGISTRATION ACCEPT message that IMS voice over PS sessions are not supported; or

c)
the UE supports IMS voice, the network indicates in the REGISTRATION ACCEPT message that IMS voice over PS sessions are supported, but the upper layers:

-
provide no indication that the UE is available for voice call in the IMS within a manufacturer determined period of time; or

-
indicate that the UE is not available for voice calls in the IMS.

NOTE:
If conditions a and b evaluate to false, the upper layers need time to attempt IMS registration. In the event an indication from the upper layers that the UE is available for voice calls in the IMS takes longer than the manufacturer determined period of time (e.g. due to delay when attempting IMS registration or due to delay in obtaining a QoS flow for SIP signalling), the NAS layer assumes the UE is not available for voice calls in the IMS.

Other conditions may exist but these are implementation specific.
In the present document, "IMS voice available" applies when "IMS voice not available" does not apply.
When IMS voice is not available, if the UE’s usage setting is "voice centric" and the UE operates in single-registration mode, the UE shall disable the N1 mode radio capabilities (see subclause 8.2.x), and attempt to select an E-UTRA cell connected to EPC. If such a cell is found, the UE shall then perform voice domain selection procedures as defined in 3GPP TS 24.301 [13].

When IMS voice is not available, if the UE’s usage setting is "voice centric" for 5GS and the UE operates in dual-registration mode, the UE may disable the N1 mode radio capabilities (see subclause 8.2.x), and attempt to select an E-UTRA cell connected to EPC. If such a cell is found, the UE shall then perform voice domain selection procedures as defined in 3GPP TS 24.301 [13].







* * * Next Change * * * *

8.1.2.3
Change of UE’s usage setting
Whenever the UE's usage setting changes, the UE shall execute procedures according to table 8.1.2.3.1 and table 8.1.2.3.2:
a)
The UE is in single registration mode

Table 8.1.2.3.1: Change of UE's usage setting for a UE in single registration mode

	UE's usage setting change
	Procedure to execute

	From "data centric" to "voice centric" and "IMS voice not available"
	Disable the N1 mode radio capabilities (see subclause 8.2.x)


	From "voice centric" to "data centric" and the N1 mode radio capabilities are disabled at the UE
	Re-enable the N1 mode radio capabilities (see subclause 8.2.x)


b)
The UE is in dual registration mode

Table 8.1.2.3.2: Change of UE's usage setting for a UE in dual registration mode

	UE's usage setting change
	Procedure to execute

	From "data centric" to "voice centric" and "IMS voice not available"
	Disable the N1 mode radio capabilities (see subclause 8.2.x)

	From "voice centric" to "data centric" and the N1 mode radio capabilities are disabled at the UE
	Re-enable the N1 mode radio capabilities (see subclause 8.2.x)


* * * Next Change * * * *

8.1.2.4
Change or determination of IMS voice availability
Whenever the IMS voice availability is determined or changes, the UE shall execute procedures according to table 8.1.2.4.1 and table 8.1.2.4.2:
a)
The UE is in single registration mode

Table 8.1.2.4.1: Change of IMS voice availability for a UE in single registration mode
	Change of IMS voice available condition
	Procedure to execute

	IMS voice not available and the UE’s usage setting is "voice centric"
	Disable the N1 mode radio capabilities (see subclause 8.2.x)


	IMS voice available and the N1 mode radio capabilities are disabled at the UE
	Re-enable the N1 mode radio capabilities (see subclause 8.2.x)


b)
The UE is in dual registration mode

Table 8.1.2.4.2: Change of IMS voice availability for a UE in dual mode
	Change of IMS voice available condition
	Procedure to execute

	IMS voice not available and the UE’s usage setting is "voice centric"
	Disable the N1 mode radio capabilities (see subclause 8.2.x)


	IMS voice available and the N1 mode radio capabilities are disabled at the UE
	Re-enable the N1 mode radio capabilities (see subclause 8.2.x)


* * * Next Change * * * *

8.2.x
Disabling and re-enabling of UE's N1 mode radio capabilities
When the UE supporting both N1 mode and S1 mode is disabling the N1 mode radio capabilities, 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; or
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, or the UE does not have a registered PLMN, then perform PLMN selection as specified in 3GPP TS 23.122 [7].
Editor's note:
If no other allowed PLMN for an E-UTRA cell connected to EPC are available, the UE’s behaviour is FFS.
When the UE supporting both N1 mode and S1 mode needs to stay in E-UTRA connected to EPC, in order to prevent unwanted handover or cell reselection from E-UTRA connected to EPC to E-UTRA connected to 5GCN or NR connected to 5GCN, the UE shall disable the N1 mode radio capabilities and:

-
the UE NAS layer shall indicate the access stratum layer(s) of disabling of the N1 mode radio capabilities.
NOTE:
The UE can only disable the N1 mode radio capabilities when in 5GMM-IDLE mode.
Editor's note:
The N1 mode radio capabilities that the UE needs to disable in order to not reselect to NR or an E-UTRA cell connected to 5GC (i.e. avoid ping pong) need to be defined by RAN WGs.

Editor's note:
To prevent unwanted handover from EPC to 5GCN, it is FFS how the UE indicates the disabling of the N1 mode radio capabilities to the network.

The UE shall re-enable the N1 mode radio capabilities when:

-
the UE performs PLMN selection; and
-
the UE powers off and powers on again or the USIM is removed.
If the disabling of N1 mode radio capabilities 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 capabilities when the UE’s usage setting is changed from "voice centric" to "data centric".
Editor's note:
Other conditions when the UE re-enables the N1 mode radio capabilities are FFS.

* * * Next Change * * * *

8.5.2.1.2.5
Initial registration not accepted by the network
If the initial registration request cannot be accepted by the network, the AMF shall send a REGISTRATION REJECT message to the UE including an appropriate 5GMM cause value.
The UE shall take the following actions depending on the 5GMM cause value received in the REGISTRATION REJECT message.

#xx
(N1 mode not allowed);


The UE capable of S1 mode shall disable the N1 mode radio capabilities (see subclause 8.2.x).


#3

(Illegal UE);

#6

(Illegal ME); or
#8

(5GS services not allowed).
Editor's note:
Further details on initial registration not accepted by the network are FFS.
* * * Next Change * * * *

8.5.2.1.3.5
Mobility and periodic registration update not accepted by the network
If the mobility and periodic registration update request cannot be accepted by the network, the AMF shall send a REGISTRATION REJECT message to the UE including an appropriate 5GMM cause value.
The UE shall take the following actions depending on the 5GMM cause value received in the REGISTRATION REJECT message.

#xx
(N1 mode not allowed);


The UE capable of S1 mode shall disable the N1 mode radio capabilities (see subclause 8.2.x).


#3

(Illegal UE);

#6

(Illegal ME); or
#8

(5GS services not allowed).
Editor's note:
Further details on mobility and periodic registration update not accepted by the network are FFS.
* * * Next Change * * * *

11.4
Core Network selection
If the UE is capable of both N1 mode and S1 mode, and wants to use one or more functionalities not supported in 5GS but supported in EPS, the UE may disable the N1 mode radio capabilities (see subclause 8.2.x).


Editor's note:
It is FFS whether the triggers for the UE to disable the N1 mode radio capabilities are left up to UE implementation.

Editor's note:
It is FFS whether network-initiated procedures to move the UE from 5GS to EPS are used.





* * * End of Change * * * *
