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1
Introduction
The interim conclusions on EPC-NGC interworking currently read as follows:
8.11.1
Interim Agreements on EPC-NextGen Core interworking

Interim agreements for Key issue #18 EPC-NextGen Core interworking are as follows:

- 
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 subclause 6.18.2.1.2.3 will be standardised is deferred to the normative phase.

- 
Support for these procedures in the UE and network is optional and is based on UE and network capabilities, respectively. 

-
For idle mode mobility when the NGx interface is supported between NG Core and EPC, the UE performs TAU (or equivalent) when it moves from NG Core to EPC (and vice versa).

- 
The standard will define mobility procedures from NG Core to EPC (and vice versa) for UEs that are "dual registered" in NG Core and EPC and no NGx interface is supported between NG Core and EPC. Whether "handover Attach" or TAU will be used by "dual registered" UEs when they move from NG Core to EPC (and vice versa) will be defined in normative phase.
The conclusions consider the following two cases (yellow highlight):
A) “single registered” UE and NGx support in the network (the latter being prerequisite for achieving minimal service disruption).

B) “dual registered” UE and no NGx support in the network.

However, given the optionality of NGx support in the network (implied by the cyan highlight) there is also the following case that needs to be considered:

C) “single registered” UE and no NGx support in the network.

We propose to discuss each of the three cases and select appropriate solutions. The focus will be on mobility in the NGC=>EPC direction. The main guiding principle for the selection of solutions will be minimisation of impact on EPC in all cases.
2
Case A: “Single registered” UE; NGx supported
A “single registered” UE has only one MM state machine and is either in N1 mode (i.e. connected to NGC) or in S1 mode (i.e. connected to EPC). Similarly, the network keeps only one “active” MM state machine that is synchronised with the MM state machine in the UE and is located in either the AMF or in the MME.
NGx is used for MM context transfer, as well as transfer of information for assisting seamless handovers (the term “handover” being used here in the narrow sense as a network-controlled mobility procedure for UE in connected state that involves some preparation in the target system ahead of the handover event).

For this case we propose to use the procedure described as “Default bearer handover and dedicated bearer re-activation in TR 23.799 clause” 6.18.2.1.2.3 as the basis.
################### TEXT FROM TR 23.799 ###########################################

In this option the source RAN initiates a Handover Preparation procedure, however, the handover preparation is used only for establishment of the "default bearer" in the target RAN for every PDU Session.

When ordered by the source RAN, the UE performs handover. At the end of the handover only the default bearer is established for every PDU Session. After handover completion, the PGW triggers establishment of dedicated bearers.
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Figure 6.18.2.1.2.3-3: "Default bearer" handover and "dedicated bearer" reactivation after HO completion
The call flow depicted in Figure 6.18.2.1.2.3-3 corresponds to the traditional handover call flow similar to that in TS 23.401 [2] Figure 5.5.1.2.2-1. The main difference is in step 1b and step 4.

1b.
Based on the candidate target cell the NGC selects an appropriate MME to which it sends a Relocation Request message. The message includes at least UE's security context and a bearer context corresponding to the Default QoS rule of each PDU Session. In this solution it is assumed that only SRB is being handed over.

3.
At handover completion only the default bearer is established on the target side for each PDN connection.

4.
The PGW initiates the activation of Dedicated bearers using the Dedicated bearer activation procedure.

Between steps 3 and 4 all traffic of a PDN connection is served with the default QoS.

"Default bearer" HO solution seems to impact only the PGW, however, given that the PGW is anyway collocated with the NGC IP anchor, this is a new node anyway. The solution does not allow resource preparation in the target system before the UE switches to the target system, i.e. the dedicated bearer is not established in the target system until the PGW initiates the dedicated bearer activation. 

################### END TEXT FROM TR 23.799 ########################################

According to the analysis in the last two paragraphs this solution has no impact on EPC, except for the PGW – which anyways is part of a new interworking node (this is valid for all the candidate solutions).
On the drawbacks side it is noted that: 1) between steps 3 and 4 (i.e. while dedicated bearers are being established) all traffic is served with the same (default) QoS, and 2) the solution does not allow for resource preparation in the target system (actually, more accurate statement is that it does not allow for reservation of resources corresponding to the dedicated bearers).
In our view these two drawbacks should not be seen as show-stoppers because:
1)
the use of default QoS for all traffic will last no longer than the duration of the “Dedicated Bearer Setup” procedure, which is typically on the order of [XY] ms;

2)
resource preparation in the target system is really essential for traffic with GBR requirements, because admission control algorithms in the target system are primarily focused on GBR traffic . Assuming that GBR traffic will be a negligible portion of the overall cell capacity in the great majority of situations, the case where the HO is eventually rejected due to lack of resources on the target side should be a very rare event.
Regarding Idle mode mobility we expect that the TA Update procedure will be used.

Proposal 1: For Case A (“single registered” UE and NGx support in network) it is proposed to adopt the “Default bearer” handover and “Dedicated bearer reactivation” procedure in TR 23.799 figure 6.18.2.1.2.3-3. For Idle mode mobility TA Update is used. 
3
Case B: “Dual registered” UE; no NGx support
A “dual registered” UE can handle independent MM state machines: one MM state machine in N1 mode (i.e. for UE’s connection to NGC) and one MM state machine in S1 mode (i.e. for UE’s connection to EPC).

The “dual registered” operation is already used in EPS since Rel-8 to support concurrent UE connections with EPC via both 3GPP and non-3GPP access.

While “dual registered” operation (i.e. maintenance of independent MM states in UE) is different from “dual radio” operation (i.e. capability for at least simultaneous reception, and possibly simultaneous transmission), the two should typically be used together for any meaningful operation (e.g. a “single radio” UE that is “dual registered” could easily miss control or user plane data).

The mobility procedures for “dual registered” UE should be the same as those defined in EPS for mobility between 3GPP and non-3GPP access i.e. they should be based on the Attach procedure (including HO Attach), plus MAPCON procedures for PDN connection mobility.
Note that the notion of “Idle” and “Connected” mode mobility is not of much relevance for the “dual registered” case, given that mobility procedures consist of Attach and PDN connection mobility procedures.

The triggers causing an already registered UE to attach to another system (and, hence, enter “dual registered” operation) are not considered here and can be left for further study (note that RAN involvement may be needed). For the initial 5G release the triggers may also be considered an implementation matter.
Proposal 2: For Case B (“dual registered” UE and no NGx support in network) it is proposed to base the mobility procedures on those defined in EPS for mobility between 3GPP and non-3GPP access (Attach, HO Attach, MAPCON). 
4
Case C: “Single registered” UE; no NGx support
When NGx is not supported it is still desirable to provide session continuity between NGC and EPC, even if the “handover” is not seamless.

Note that in this clause the term “handover” is used in a broader sense as any mobility procedure for UE in connected mode that also caters for session continuity. Examples of such procedures are RRC Connection Release with Redirection (at access stratum) or Handover Attach (at NAS level).
To resolve this case of interworking our preference is to go with the HO Attach procedure. The reason for this is that the HO Attach procedure allows the target system (EPC) to retrieve the PGW that was used on the source side and therefore ensure session continuity.

It is noted that the other option (TAU) as currently defined in EPC would most likely result in PDN connection release upon mobility from NGC to EPC. The reason for this is that TAU was defined to retrieve UE context (including SM context) from the old MME. In the absence of NGx, the target MME will have to trigger UE authentication and this would result in a completely new registration and deletion of existing SM context.
Proposal 3a: For Case C (“single registered” UE and no NGx support in network) it is proposed to base the mobility procedures on HO Attach for both Connected and Idle mode UE, in order to ensure session continuity.
After successful Handover Attach on the target side, a UE that operates in “single registered” mode needs to be implicitly detached on the source side. Note that this is the same as the existing EPC behaviour (i.e. when UE moves the last PDN connection from 3GPP to non-3GPP access, it is being implicitly detached by the MME; the UE too internally moves the MM state to Detached).

Proposal 3b: For Case C (“single registered” UE and no NGx support in network) it is proposed that, after successful Handover Attach on the target (EPC) side, the UE is implicitly detached on the source (NGC) side.
5
UE awareness of NGx support
Comparing Case A and Case C it is clear that UE needs to be aware whether NGx is supported in the network or not, because the procedures to be used on the target side (EPC) depend on NGx support.

For UE that was in CN_Connected mode on NGC side before mobility to EPC, NGx support can be indicated to UE implicitly e.g. via the access stratum message used to trigger handover / mobility to EPC (e.g. Handover Command vs RRC Connection Release with Redirection).
For UE that was in CN_Idle mode in NGC side before mobility to EPC, NGx support also needs to be indicated to UE. How this is indicated (e.g. NAS signalling or cell broadcast), as well as the granularity of homogeneous NGx support (e.g. per TA, per PLMN) is proposed to be left FFS.

Proposal 4: It is proposed to agree that UE needs to be aware of NGx support in the network. This applies regardless whether UE was in CN_Connected and CN_Idle mode on NGC side before handover / mobility to EPC occurs. The mechanisms for signalling NGx support to UE, as well as granularity for homogeneous NGx support in the network is left FFS.
6. Proposal
It is proposed to technically endorse the following proposals:
Proposal 1: For Case A (“single registered” UE and NGx support in network) it is proposed to adopt the “Default bearer” handover and “Dedicated bearer reactivation” procedure in TR 23.799 figure 6.18.2.1.2.3-3.
Proposal 2: For Case B (“dual registered” UE and no NGx support in network) it is proposed to base the mobility procedures on those defined in EPS for mobility between 3GPP and non-3GPP access (Attach, HO Attach, MAPCON). 
Proposal 3a: For Case C (“single registered” UE and no NGx support in network) it is proposed to base the mobility procedures on HO Attach for both Connected and Idle mode UE, in order to ensure session continuity.
Proposal 3b: For Case C (“single registered” UE and no NGx support in network) it is proposed that, after successful Handover Attach on the target (EPC) side, the UE is implicitly detached on the source (NGC) side.
Proposal 4: It is proposed to agree that UE needs to be aware of NGx support in the network. This applies regardless whether UE was in CN_Connected and CN_Idle mode on NGC side before handover / mobility to EPC occurs. The mechanisms for signalling NGx support to UE, as well as granularity for homogeneous NGx support in the network is left FFS.
It is proposed to capture the proposals in TS 23.501 and TS 23.502.

This paper includes the 23.501 proposal.

A companion paper (S2-170333) includes the procedures for TS 23.502.

######################### TEXT PROPOSAL FOR TS 23.501 ###########################

5.15
Interworking and Migration

Editor’s notes: This could include functional description for interworking with EPS, 2G, 3G and support for migration towards 5G system.
5.15.x
Interworking with EPC

From perspective of interworking with EPC the UE can operate as “single registered” or “dual registered”:

-
A “single registered” UE has only one active MM state machine and is either in N1 mode or in S1 mode (when connected to NGC or EPC, respectively). Similarly, the network keeps only one active MM state machine that is synchronised with the MM state machine in the UE and is located in either the AMF or in the MME.

-
A “dual registered” UE can handle independent MM state machines: one MM state machine in N1 mode (i.e. for UE’s connection to NGC) and one MM state machine in S1 mode (i.e. for UE’s connection to EPC).

NGx is used to provide seamless handover for “single registered” UEs. The seamless handover is based on the “Default bearer handover with Dedicated bearer activation” procedure described in TS 23.502.

The mobility procedures for “dual registered” UE are similar to those defined in EPS for mobility between 3GPP and non-3GPP access i.e. they are based on the Attach procedure (including Handover Attach), plus MAPCON procedures for PDN connection mobility.

Support for NGx in the network is optional.

Support for “dual registered” operation in the UE is optional.

A “single registered” UE needs to be aware of NGx support in the network because the NAS procedure for connected and idle mode mobility towards EPC depend on NGx support as indicated in Table 5.15.x-1. 

Table 5.15.x-1: NGC=>EPC mobility procedures for “single registered” UE

	UE state on NGC side 
	With NGx support
	Without NGx support

	CN_Connected
	“Default bearer” handover with “dedicated bearer” reactivation
	Handover Attach

	CN_Idle
	TA Update
	Handover Attach

	NOTE 1:
The procedures are described in TS 23.502.


Editor’s note: The mechanism for making UE aware of NGx support in the network as well as the granularity for NGx support (per-TA, per-PLMN) is FFS.
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