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Abstract of the contribution: This contribution compares NGx based interworking procedures described in TR 23.799 clause 18.2.

1. Introduction
In TR 23.799 clause 8.11 (Agreements on Key Issue #18: Interworking and Migration) is agreed that:

-
The standard will define mobility procedures from NG Core to EPC and vice versa to support "single registered" UEs and achieve minimal service disruption.

- Solution 18.2 is adopted as the basis for normative work. However, decision on which of the signalling flow variants shown in clause 6.18.2.1.2.3 will be standardised is deferred to the normative phase.
This paper evaluates the pros and cons of the proposed signalling flow.
1.1  Proposed signalling flows
1.1.1 Full session establishment
The “full session establishment” signalling flow describes a handover procedure with the following characteristics:

- The UE performs a handover from E-UTRAN to NG RAN or vice versa 

- The CN CP function selects a target CN CP function and sends a relocation request including the MM and SM UE contexts; the target CN CP function converts the MM and SM UE’s contexts;
- If needed, forwarding tunnels are established between the target CN UP and the source CN UP functions
- The source CN CP function sends a handover command to the source RAN when the new PDU session in the target system is already established, including default bearer and dedicated bearers  
1.1.2 Default bearer handover and dedicated bearer re-activation after HO completion
This option is characterised by a context transfer before switching to the target system, with the following characteristics:

- The UE performs a handover from E-UTRAN to NG RAN or vice versa

- The handover preparation is used only for establishment of the default bearer for every PDU Session; the source CN CP function sends to the target CN CP function a relocation message including at least the UE security context and the default QoS rules

- After the handover completion the common SMF/PGW-C triggers the activation of the dedicated bearers; between the handover completion and the activation of the dedicated bearers the PDN connection is served with the default QoS.
1.1.3 Default bearer handover and dedicated bearer re-activation in HO preparation phase

This option is characterised by a context transfer before switching to the target system, with the following characteristics:

- The UE performs a handover from E-UTRAN to NG RAN or vice versa

- The source CN CP sends a relocation message to the target CN CP function including at least the UE security context and the default QoS rules); the target CN CP function establishes the default bearer with the common SMF/PGW-C.
NOTE: There is an error in the description that states that only the UE’ MM Context is forwarded. The default QoS context needs to be provided also.

- The common SMF/PGW-C initiates the activation of the dedicated bearers on its own. Using this context the MME also includes these new context for the RAN to prepare resource. 
- The target CN CP function sends the handover request to the target RAN after or during the activation of the dedicated bearers

EVALUATION: This is a bizzare procedure since in the HO preparation Request contains default bearer request from source RAN and some from new bearers that are requested by the PGW. It is not clear if MME can provide sufficient information for the new dedicated bearers to the target RAN in the HO preparation Request.

1.1.4 SRB-only handover and PDN re-activation initiated by the UE

This option is characterised by a context transfer before switching to the target system, with the following characteristics:

- The UE performs a handover from E-UTRAN to NG RAN or vice versa

- The source CN CP sends to the target CN CP a relocation request message including only the MM context (e.g. UE’s security context)
- After the handover complete in the RAN, only the SRB is established on the target side. The UE reactivates the PDN connection on the target side by a UE requested PDN connectivity procedure (with indication “handover attach”), which allows the target CN CP function to retrieve the PGW that was serving the UE on the source side. Between the handover completion and the establishment of the PDN connection in the target system the UE cannot exchange data.

1.1.5 Handover Attach with context push
This option is characterised by a context transfer before switching to the target system, with the following characteristics:

- The UE performs an handover attach to the target system, which at the RAN level may be triggered by an RRC redirection command

- The source CN CP sends to the target CN CP a relocation request message including only UE security context and the common PGW/SMF address(es) 

- To assist the target RAN to select the appropriate CN CP function, the UE is assigned an S-TMSI that points to the CN CP function where the UE context has been pushed
- The UE establishes the connection with the target RAN and initiates an attach procedure with the target CN CP function; the dedicated bearer is not established in the target core until the session is created in the target core during the attach to the target system.

1.1.6 Handover Attach with context pull

- The UE performs an handover attach to the target system, which at the RAN level may be triggered by an RRC redirection command
- The UE establishes the connection with the target RAN and initiates an attach procedure with the target CN CP function; the dedicated bearer is not established in the target core until the session is created in the target core during the attach to the target system.

- During the attach procedure, the target CN CP retrieves the UE’s security context and the PGW address(es) from the source CN CP; this context pull delays the attach procedure compared to the solution described in clause 1.1.5. 
1.2 Summary

The following table summarizes the characteristics of the proposed procedures.

Table 1: summary of the proposed procedures

	#
	Flow type 
	Key idea
	RAN procedure
	Context transferred via NGx
	Mapping of bearers
	QoS drawbacks
	Changes to legacy

	1
	Full session establishment
	Full context push during the handover preparation phase
	Normal handover with full resource preparation.
	MM and SM UE contexts
	RAN and MME/AMF map default and dedicated bearers
	None, handover command to the source RAN when the new PDU session in the target system is already established, including default bearer and dedicated bearers
	- In NGC->EPS procedure, the target MME converts the MM and SM UE’s contexts, if NGx is not S10
- Forwarding tunnels are established between the target CN UP and the source CN UP functions

	2
	Default bearer handover and dedicated bearer re-activation after HO completion
	Context push. After the handover completion the common SMF/PGW-C triggers the activation of the dedicated bearers
	Handover with resource preparation only for default bearer
	UE security context and the default QoS rules
	RAN and MME/AMF map only default bearers, common SMF/PGW maps the dedicated bearers
	Between the handover completion and the activation of the dedicated bearers the PDN connection is served with the default QoS
	- In NGC->EPS procedure, the target MME converts the MM UE’s context, if NGx is not S10



	3
	Default bearer handover and dedicated bearer re-activation in HO preparation phase
	Context push. The target CN CP function establishes the default bearer with the common SMF/PGW-C, which initiates the activation of the dedicated bearers
	Handover, with preparation for some bearers requested by source RAN and some by PGW.
	UE security context and the default QoS rules
	RAN and MME/AMF map only default bearers, common SMF/PGW maps the dedicated bearers
	None, if the activation of the dedicated bearers is completed before sending the handover request to the target RAN. 
NOTE: It is FFS if HO preparation request can contain some bearers from source network and some bearers from PGW/MME.
	- In NGC->EPS procedure, the target MME converts the MM UE’s context, if NGx is not S10

	4
	SRB-only handover and PDN re-activation initiated by the UE
	Context push. The target CN CP function establishes the default bearer with the common SMF/PGW-C; the UE initiates the re-activation of the dedicated bearers
	Partial handover (SRB only, RACH is non-contention based in target RAT). No resource preparation for DRBs.
	MM UE's context (e.g. UE's security context)
	Common SMF/PGW
	Between the handover completion and the establishment of the PDN connection in the target system the UE cannot exchange data
	- SRB only handover is not supported by E-UTRAN



	5
	Handover Attach with context push
	Context push. The UE establishes the connection with the target RAN and initiates an attach procedure with the target CN CP function, which establishes the dedicated bearers
	RRC redirection
	UE security context and PGW address(es) 
	Common SMF/PGW
	Between the RRC redirection and the Handover Attach completion the UE cannot exchange data.
	

	6
	Handover Attach with context pull
	Context pull. The UE establishes the connection with the target RAN and initiates an attach procedure with the target CN CP function, which establishes the dedicated bearers
	RRC redirection
	UE security context and PGW address(es) 
	Common SMF/PGW
	Between the RRC redirection and the Handover Attach completion the UE cannot exchange data. The context pull delays the attach procedures.
	- MME needs to pull context from AMF (new procedure)


2. Discussion
We should first ignore Solution #3, since it is a “mutant” solution. The proposer should show clearly how the MME will create Handover Request message to eNB which includes some contexts that are provided by the source RAN and some others that are new and added due to PGW initiating dedicated bearers.

Setup delay of dedicated bearers in target system

The use of the NGx interface is for providing “seamless mobility” for VoLTE services. Hence, one should consider that the delay till the establishment of dedicated bearer is not compliant with voice services. Only Solution 1 prepares resources in the target network for dedicated bearer. All other solutions have approximately the same speech interruption as the dedicated bearer on the radio is created in the target system without any preparation.
Observation 1: Although in Solution #2 the aim is to be able to transmit the voice media using the default QoS until the dedicated bearer is created in the target system, VoLTE does not allow the UE to use the default (IMS signalling) bearer for voice media. Thus Solution #2 is not suitable for inter-system mobility of voice calls.

Observation 2: Only Solution #1 has least delay in handover of voice bearer, as resources in the target RAN are prepared during HO. In all other solutions, resources in the RAN are only setup after handover and hence will have higher interruption time during HO for voice.

Mapping of NGS bearer/flow to EPS bearer
In all solutions the PGW needs to be able to handover EPS bearers to NGS bearers and vice-versa and handle QoS mapping. Hence, this part is common to all solutions.
In solution #1 both the RAN and MME/AMF map default and dedicated bearers. For solution #2 and #3, the RAN and MME/AMF only map the default bearers and not the dedicated bearers. In the solutions from #4 to #6 only the PGW is mapping the bearers.
3. Proposal

Proposal 1: The use of the NGx interface is for providing “seamless mobility” for VoLTE services. Thus, it is proposed to adopt solution #1 in the normative phase, being the only solution that provides continuity of the dedicated bearers.
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