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Abstract of the contribution: This contribution discusses the issue of dual-registration mode interworking to support IMS voice and proposes to use dual radio solution to fulfil the requirement of IMS voice interworking.
Discussion
In 23.501, whether dual-registration mode interworking solution can be used for IMS voice service is FFS. The key issue of whether dual-registration mode is used is whether the interruption time of IMS voice fulfil the requirement of voice service continuity, i.e. interruption time no longer that 300ms. This contribution tries to analyze the interruption time of IMS voice and concludes whether or not to use dual-registration mode for IMS voice service.
Dual-registration mode can be implemented in two ways: single radio or dual radio.
1) Single radio solution

In single radio solution, the UE needs to do the following procedures to handover the voice bearers to the target network:

i) Radio access procedure: if RRC release with redirection (LTE -> 5G) is used, according to our field test results, the whole time of the procedure is about 200ms. If RRC release without redirection is used, the time is much longer. The time of the procedure from 5G to LTE can be assumed to be equivalent.
ii) Registration/attach procedure: according to our field test results, the whole time of attach procedure on EPC is about 200ms. The time of the procedure from 5G to LTE can be assumed to be equivalent.
iii) PDU session/PDN connection establishment procedure: the time of the procedure is about 200ms.
During this period, the UE will not be able to send/receive voice data, which introduces the voice interruption. Estimated with the numbers above, the total interruption time is about 600ms.

Observation 1: Dual-registration mode with single radio capable UE can not fulfil the requirement of 300ms voice interruption time.

2) Dual radio solution

Dual radio UE is capable of keep sending/receiving voice data over source RAT until the radio access, registration/attach and PDU session/PDN connection establishment procedure in target network is successfully complete. Therefore when the UE realizes that dual-registration mode is used for IMS voice, e.g. by APN or DNN for IMS, the UE can activate dual radio capability during the interworking procedure to avoid voice interruption time.
Observation 2: The dual radio capable UE can use activate dual radio capability during the interworking procedure to fulfil the requirement of 300ms voice interruption time. The dual-registration mode with dual radio capable UE can be used for IMS voice interworking.
Based on the discussion above, it is proposed to allow dual-registration mode to be used for IMS voice when the UE supports dual radio capability.
Proposal

It is proposed to add the following texts in TS 23.501.
* * * Start of first change * * * 
5.17.2.3
Mobility in dual-registration mode

To support mobility in dual-registration mode, the support of Nx interface between AMF in 5GC and MME in EPC is not required.


During inter-system mobility from 5GC to EPC, the UE performs Attach in EPC with "handover" indication in PDN Connection Request message (TS 23.401, clause 5.3.2.1) and it subsequently moves all its other PDU session using the UE initiated PDN connection establishment procedure with "handover" flag (TS 23.401 clause 5.10.2). The UE does not continue to perform registrations in NGC and remains registered without PDU sessions in 5GC till its registrations in 5GC times out and the network performs implicit detach.

During inter-system mobility from EPC to NGC, the UE performs Registration in 5GC and it subsequently moves all its PDN connections from EPC using the UE initiated PDU session establishment procedure with "handover" flag (TS 23.502 [3], clause 4.3.2.2.1). The UE does not continue to perform TAU in EPC and remains attached without PDN connections in EPC till the network performs implicit detach. If the UE does not support attach without PDN connections in EPC, the UE is detached in EPC when the last PDN Connection is moved to 5GC

Editor's note:
Support of "handover" flag in TS 23.502 [3] is not yet defined.
Dual-regitration mode may be used for IMS voice when the UE supports dual radio capability, i.e. data transmission simultaneously over 5G NR and LTE, during the interworking procedure, to fulfil the requirement of voice interworking performance.
NOTE 1:
The UE does not need to activate dual radio capability for all time.
NOTE 2:
The UE realizes the interworking procedure is for IMS voice based on IMS specific APN/DNN and the QoS profile of the bearers/flows to be transferred.
* * * End of first change * * * 
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