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1
Introduction
The informal “TO DO” list for interworking (S2-170590) that was drafted during the Spokane meting contains the following item for the case of “single registered” UE and NGx support in the network:

For Case A: “single registered” UE and NGx support in the network.

1.
Select the call flow for “seamless” handover.

For the case when NGx is supported in the network there are currently 6 call flows in TR 23.799 subclause 6.18.2.1.2.3, as follows:

-
Figure 6.18.2.1.2.3-2 Signalling flow for handover from the NGS to the EPS (“Traditional full handover”)
-
Figure 6.18.2.1.2.3-3: "Default bearer" handover and "dedicated bearer" reactivation after HO completion

-
Figure 6.18.2.1.2.3-4: "Default bearer" handover and "dedicated bearer" reactivation in HO preparation phase

-
Figure 6.18.2.1.2.3-5: SRB-only handover and PDN reactivation
-
Figure 6.18.2.1.2.3-6: "Handover Attach" from NGS to EPS with context push
-
Figure 6.18.2.1.2.3-7: "Handover Attach" from NGS to EPS with context pull
In our understanding, based on the discussion in Spokane around the documents S2-170265 (DoCoMo) and S2-170048 (Huawei) it was agreed to eliminate the last three options from further consideration, although the decision does not seem to be documented anywhere.
In this document we focus on the remaining three options (the first three in the list above) and propose to move forward with the second one (i.e. "Default bearer" handover and "dedicated bearer" reactivation after HO completion).
2
Traditional full handover
The first option in the bulleted list above can be referred to as traditional inter-RAT handover.
In this option there all the QoS Flows on NGC side are mapped into EPS bearers on EPC side as part of the handover procedure.

The main problem with this approach is that there is no 1:1 mapping between a QoS Flow and EPS bearer, so it unclear how the QoS mapping between the two systems would work. It is noted that:
· In EPS the bearer binding decision is made in the PGW, whereas upon inter-RAT handover, the PGW is not involved until the end of the handover procedure (i.e. not until the S5 Modify Bearer Request is sent to the PGW). This means that if AMF decides on how to map 5G QoS to 4G QoS, the same decision should be made simultaneously at the PGW and at the UE.
· On 5G side the UE uses QoS rules for binding uplink traffic to a QoS profile, which is then mapped to a DRB by the RAN. Contrary to EPS, the 5G-RAN has some flexibility in mapping QoS profiles to DRBs, including the ability to multiplex several QoS Flows on the same DRB, or to postpone establishment of a DRB until there is actual traffic in the user plane (e.g. the case of pre-authorised QoS rules). For this reason it is more advisable to consider QoS Flows (rather than DRBs) for potential QoS mapping to EPS bearers.

· On the UE side one of the problems to solve is how the UE should construct the TFT that will be used for binding of uplink traffic onto EPS bearers after handover completion. Note that the problem did not exist in the 4G-3G handover case because there is 1:1 mapping between an EPS bearer and a PDP context, which means that the TFT basically remains the same before and after handover. The only thing that changes between the two systems is the use of R99 QoS parameters instead of EPS QoS parameters (and that problem was solved by providing the UE with both R99 QoS and EPS QoS while the UE is on 4G side).
· Last but not least, the 5G system use reflective QoS, which is currently not available on EPS side.
Observation 1: 5G and EPS use fairly different QoS models. To apply the traditional “full” handover one needs to come up with QoS mapping rules that upon handover can be applied independently and unambiguously in the UE, AMF/MME and PGW/UPF, and yield the same result.

3
“Default bearer” handover and “Dedicated bearer” reactivation after HO completion
This is our preferred approach, the reason being that upon handover, only the default bearer is handed over to the target (EPC) system. Once handover is completed, the PGW triggers Dedicated Bearer Activation to establish the QoS support in the target system.
################### 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 UE side the problem of TFT construction is solved by using the Dedicated Bearer Activation procedure (step 4 in the call flow) that creates a new QoS model from scratch on the target (EPC) side and does not depend on any preconfigured mapping rules.

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 [100] 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.

Observation 2: The solution with “Default bearer” handover and “Dedicated bearer” reactivation after HO completion has minimum impact on EPC. 

4
“Default bearer” handover and “Dedicated bearer” reactivation in HO preparation phase
This is a hybrid approach where Dedicated bearers (or actually the whole PDN connection) are established in the middle of the handover procedure.

################### TEXT FROM TR 23.799 ###########################################
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Figure 6.18.2.1.2.3-4: "Default bearer" handover and "dedicated bearer" reactivation in HO preparation phase
The call flow depicted in Figure 6.18.2.1.2.3-4 corresponds to the traditional handover call flow similar to Figure 6.18.2.1.2.3-3. The main difference is in step 1c.

1c-1.
Based on the candidate target cell the NGC selects an appropriate MME to which it sends a Relocation Request message. The message only includes MM context e.g. UE's security context and MME establishes PDN connection as defined in TS 23.401 [2] (step 12 to 16 of Figure 5.3.2.1-1: Attach procedure) with the same NGC CPF that also acts as PGW-C to have IP address preservation.
1c-2.
The PGW could initiate the activation of dedicated bearers in order to deliver some traffic e.g. voice packet over the dedicated bearer.
NOTE:
Based on operator policy, step 1d could be initiated after step 1c-2 is completed with the dedicated bearer for e.g. voice service. Otherwise, steps 1c-2 and 1d can be performed independently.
################### END TEXT FROM TR 23.799 ########################################

While this solution addresses the problem on the network side (at the price of a major change to EPC), it is not clear how this solution works on the UE side. Namely, the Handover Command message (step 1g in the call flow) does not convey NAS information, so it is not clear how the UE will construct the TFT to use for bearer binding of uplink traffic on the EPC side.

Observation 3: The solution with “Default bearer” handover and “Dedicated bearer” reactivation in HO preparation phase has major impact on EPC and it is not clear how UE constructs the TFT to be used for uplink bearer binding. 

5. Proposal
It is proposed to endorse the following proposal:
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. 

It is proposed to agree the text proposal below for inclusion in TS 23.502.

######################### TEXT PROPOSAL FOR TS 23.502 ###########################

4.10
System interworking procedures with EPS

Editor’s Note:
Including interworking procedures with EPS.

4.10.x1
General

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

The mode of operation is selected by the network and depends on whether NGx is supported in the network or not.

4.10.x2
Mobility procedures for “single registered” UE

4.10.x2.1
Connected mode mobility

NGx is used to provide seamless handover for “single registered” UEs. The seamless handover procedure is based on the “Default bearer handover with Dedicated bearer activation” principle described in Figure 4.10.x2.1-1.

In this procedure the source RAN (5G RAN) initiates a Handover Preparation procedure. The handover preparation is used only for establishment of the default EPS Bearer in the target RAN (E-UTRAN) 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 EPS bearers.
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Figure 4.10.x2.1-1: Connected mode mobility from NGC to EPC for “single registered” UE
The call flow depicted in Figure 4.10.x2.1-1 corresponds to the traditional handover call flow described in TS 23.401 [xx] 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.

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 EPS bearers using the Dedicated Bearer Activation procedure described in TS 23.401 [xx].

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

4.10.x2.2
Idle mode mobility

When NGx is supported, Idle mode mobility from NGC to EPC is based on the Tracking Area Update procedure described in TS 23.401 [xx].

3GPP

SA WG2 TD


_1541938958.doc
[image: image1.emf] 


NGC


NGC


EPC


EPC


NG-UE NG RAN


E-UTRAN


NGC-UP


Common 


subscriber 


database


(« HSS »)


Common


PGW/ SMF/


IP anchor


Downlink data over NG System


MME S-GW


0.  UE is initially attached to NG System and has established PDU Session


NGC-CP


3. Completion of the handover procedure


Downlink data over  EPS


Common


PCRF /  PCF


1. HO Required


1b. Relocation Request


1e.  Relocation Response


1f. HO Command


1g. HO Command


1d.  Handover Request /  Ack


2a.  Handover Complete


2b. Handover Complete


1c-1.  Create session


2c.Modify bearer


2d.Modify bearer


1c-2. PGW initiates the activation of dedicated bearers





_1545564930.vsd
UE


NG RAN


0. UE is initially attached to NG System and has established PDU Session(s)


E-UTRAN


UPF







EPC







NGC


HSS/UDM


Common
PGW/ SMF/
IP anchor


Downlink data over NG System


MME


S-GW


AMF


3. Completion of the handover procedure


Downlink data over EPS


Common
PCRF / PCF


1. HO Required


1b. Relocation Request


1e. Relocation Response


1f. HO Command


1g. HO Command


1d. Handover Request / Ack


2a. Handover Complete


2b. Handover Complete


1c. Create session


2c.Modify bearer


2d.Modify bearer


4. PGW initiates activation of EPS Dedicated Bearers



_1541938957.doc
[image: image1.emf] 


NGC EPC


NG-UE NG RAN


E-UTRAN


NGC-UP


Common 


subscriber 


database 


(« HSS »)


Common


PGW/ SMF/


IP anchor


Downlink data over NG System


MME S-GW


0. UE is initially attached to NG System and has established PDU Session


NGC-CP


3. Completion of the handover procedure


Downlink data over EPS


Common


PCRF / PCF


1. HO Required


1b. Relocation Request


1e. Relocation Response


1f. HO Command


1g. HO Command


1d. Handover Request / Ack


2a. Handover Complete


2b. Handover Complete


1c. Create session


2c.Modify bearer


2d.Modify bearer


4. PGW initiates activation of « dedicated bearers »





