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1. Introduction

This paper contains proposed changes to TS 23.401 for the support of multiple PDNs through the use of different PDN GW, and the UE-initiated activation of connectivity to different PDNs. 

This is a companion contribution to S2-07xx01 and S2-07xx02.

2. Discussion

The proposal introduces modifications to the existing text in TS 23.401 for the support of multiple PDNs through the use of different PDN GWs. Changes are described in the appendix. 

Note: impact on QoS is FFS, specific how the mapping between the multiple bearers between the Serving GW and the PDN GWs needs to be defined. However, since this is technically possible today in TS 23.060, it is expected that similar mechanisms can be used in TS 23.401.
Note: the scenario for the UE-triggered setup of Dedicated EPS bearers towards an existing PDN GW FFS.
Note: applicability To TS 23.402 for non-3GPP accesses is FFS. 

Note: it is FFS how the concepts discussed here interwork with pre-EPS systems.

Note: changes to inter-RAT handover procedures are FFS.

Proposal

It is proposed that the changes in the appendix are adopted.

Appendix

**** Start of first change ****
GW selection

4.3.7.1
PDN GW Selection Function (3GPP accesses)

The PDN GW selection function allocates a PDN GW that shall provide the PDN connectivity for the UE when connectivity to a PDN is established (i.e. no PDN GW has been assigned to the UE to connect to that PDN) via 3GPP access. 

PDN GW selection takes place in two situations: when the UE connectivity with a first PDN is established (i.e. the UE has no connectivity with any PDN), and when the UE gains connectivity with an additional PDN that may be serviced by a different PDN GW (i.e. the UE already has connectivity with at least one different PDN and a PDN GW for such PDN has been assigned to the UE).

The PDN GW selection uses subscriber information provided by the HSS and possibly additional criteria. The HSS provides: 

-
either one or more IP addresses of one or more PDN GWs and an APN, or

-
an APN and an indication whether the allocation of a PDN GW from the visited PLMN is allowed or a PDN GW from the home PLMN shall be allocated. The APN may be an FQDN.

Editor's note: It is FFS what additional criteria beyond the subscriber information can be used for PDN GW selection when the UE gains connectivity to a first PDN.

Editor's note: It is FFS whether the UE can provide additional input information (e.g. the desired APN) for the PDN GW selection function when the UE gains connectivity to a first PDN.

To establish connectivity with a PDN when the UE is already connected to another PDN, the UE provides input information (e.g. the desired APN) for the PDN GW selection function. 

If the HSS provides a single IP address of a PDN GW for a specific PDN, no further PDN GW selection functionality is performed. Note that the provision of an IP address of a PDN GW as part of the subscriber information allows also for a PDN GW allocation by HSS.

If the HSS provides an APN of a PDN GW and the subscription allows for allocation of a PDN GW from the visited PLMN, the PDN GW selection function derives a PDN GW address from the visited PLMN. 

If the HSS provides an APN of a PDN GW and the subscription does not allow for allocation of a PDN GW from the visited PLMN, the PDN GW selection function derives a PDN GW address from the subscriber's home PLMN.

Note if the APN is provided as an FQDN then the selection function resolves it to an IP address of the PDN GW. 

Editor's note: It is FFS whether host-based mobility requires additional information and/or mechanisms.

Editor's note: If 2G/3G access is connected to EPC and the SGSN does the PDN GW selection, the following additional principles are followed. PDN GW selection function shall be backwards compatible with existing GGSN selection as specified in Rel-7 version of 23.060 annex A. This implies that for 2G/3G access, the UE may also provide an APN which is authorized based on the subscription record received from the HSS. APN resolution is performed by DNS. If selection of a VPLMN PDN GW is allowed by the subscription record, a PDN GW in the VPLMN will be selected. If this fails or selection of a PDN GW in the VPLMN is not allowed, a PDN GW in the HPLMN will be selected. The APN is sent to the PDN GW to identify the PDN that the UE is connecting to.

4.3.7.2
PDN GW address retrieval (to 3GPP accesses)

To connect the UE with an already allocated PDN GW the HSS shall provide the IP address of the already allocated PDN GW during inter-access system mobility. If the UE is connected to multiple PDNs using different PDN GWs, the HSS shall provide the IP addresses of all the already allocated PDN GWs. 
Editor's note: It is FFS whether host-based mobility requires additional information and/or mechanisms.

Editor’s note: how the receiving entity correlates the IP addresses of the various PDN GWs to the various PDNs and the respective EPS bearers is FFS (e.g. the HSS may return each PDN GW address together with the corresponding APN).  

**** End of first change ****
**** Start of second change ****
Serving GW

The Serving GW is the gateway which terminates the interface towards E-UTRAN. 

For each UE associated with the EPS, at a given point of time, there is a single Serving GW.

Serving GW functions include:

-
the local Mobility Anchor point for inter-eNodeB handover

-
Mobility anchoring for inter-3GPP mobility (terminating S4 and relaying the traffic between 2G/3G system and PDN GW) 
-
the anchor for connectivity to multiple PDNs using multiple PDN GWs 
-
E-UTRAN idle mode downlink packet buffering and initiation of network triggered service request procedure

-
Lawful Interception

-
Packet routing and forwarding
**** End of second change ****
**** Start of third change ****
4.6.1.2
The EPS Bearer with GTP-based S5/S8
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Figure 4.6-1. Two Unicast EPS bearers (GTP-u Based S5/S8).

An EPS bearer is realized by the following elements:

· An UL TFT in the UE binds an SDF to an EPS bearer in the uplink direction. Multiple SDFs can be multiplexed onto the same EPS bearer by including multiple uplink packet filters in the UL TFT.

· A DL TFT in the PDN GW binds an SDF to an EPS bearer in the downlink direction. Multiple SDFs can be multiplexed onto the same EPS bearer by including multiple downlink packet filters in the DL TFT.

· A radio bearer (RLC connection) transports the packets of an EPS bearer between a UE and an eNodeB. There is a one-to-one mapping between an EPS bearer and a radio bearer.

· An S1 bearer (GTP-u tunnel) transports the packets of an EPS bearer between an eNodeB and a Serving GW.

· An S5/S8 bearer transports the packets of an EPS bearer between a Serving GW and a PDN GW.

· A UE stores a mapping between an uplink packet filter and a radio bearer identifier (UL TFT ( RBID) to create the binding between an SDF and a radio bearer in the uplink.

· If S5/S8 is based on GTP-u, a PDN GW stores a mapping between a downlink packet filter and an S5/S8a GTP-u tunnel end-point identifier (DL TFT ( S5/S8a-TEID) to create the binding between an SDF and an S5/S8a bearer in the downlink.

· An eNodeB stores a one-to-one mapping between a radio bearer identifier and an S1 GTP-u tunnel end-point identifier (RBID ( S1-TEID) to create the binding between a radio bearer and an S1 bearer.

· If S5/S8 is based on GTP-u, a Serving GW stores a one-to-one mapping between an S1 GTP-u tunnel end-point identifier and S5/S8a GTP-u tunnel end-point identifier (S1-TEID ( S5/S8a-TEID) to create the binding between an S1 bearer and an S5/S8a bearer.

Editor's Note: the mapping stored in the Serving GW for the case where multiple PDN GWs are used for connectivity to multiple PDNs is FFS.

**** End of third change ****
**** Start of fourth change ****
5.3.3
Additional PDN Connectivity Activation Procedure 

Editor's Note: It's FFS whether a network triggered additional PDN Connectivity activation procedure is considered or not.
Editor’s Note: the scenario for the UE-triggered setup of Dedicated EPS bearers towards an existing PDN GW is FFS.
5.3.3.1 UE-triggered Additional EPS Bearers Activation Procedure 
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Figure 5.3.3-1: Additional PDN Connectivity Activation Procedure
Editor's Note: The complete list of parameters used in the following steps is FFS. Only a non exhaustive list of the parameters essential to differentiate this procedure from the network attachment procedure are included.
1)
The UE initiates the Additional PDN Connectivity Activation procedure by the transmission of an Activation Request (APN, S‑TMSI) message to the eNodeB. APN represents the APN corresponding to the PDN the UE is establishing connectivity with.
2)
The eNodeB derives the MME from UE information. The MME is the same as the one that was selected when the first Default PDN Connectivity was established at network attachment. The eNodeB forwards the Activation Request message.
Editor's Note: the UE information used to select the MME is FFS
3)
The MME performs any necessary authorization for the Activation Request, based on the APN provided by the UE and the subscription data downloaded upon network attachment. 
Editor’s Note: Handling of the scenario where the MME determines that the existing PDN GW can support access to the desired PDN (e.g. based on subscription data and/or network policies) is FFS. 

4)
The MME selects a Serving GW as described under "GW Selection Function" and sends a Create Default Bearer Request (IMSI, MME Context ID) message to the selected Serving GW. 

Editor’s Note: The MME shall select the same Serving GW that was selected upon network attachment. This must be included in the description of the GW Selection Function one the description of Serving GW selection is introduced. 

5)
The Serving GW creates a new entry in its EPS Bearer table and sends a Create Default Bearer Request (Serving GW Address for the user plane, Serving GW TEID of the user plane, Serving GW TEID of the control plane) message to the PDN GW.

Editor’s Note: It's FFS which entity will select the PDN GW. 

Editor’s Note: This step is for GTP based S5/S8 reference point, it's FFS for IETF based S5/S8 reference point.
6)
The PDN GW may interact with the PCRF to get the default PCC rules for the UE if PCRF is applied in the network.

Editor's note: It is FFS which kind of information will be provided by the PCRF. 
Editor's note: In case of roaming and the PDN GW for the additional EPS bearer is allocated in the VPLMN, any potential interactions between a PCRF in the visited network and the PCRF is the home network is FFS. 
7)
The PDN GW returns a Create Default Bearer Response (PDN GW Address for the user plane, PDN GW TEID of the user plane, PDN GW TEID of the control plane, PDN Address) message to the Serving GW. PDN Address is included if the PDN GW allocated a PDN address.

Editor’s Note: This step is for GTP based S5/S8 reference point, it's FFS for IETF based S5/S8 reference point.

8)
The Serving GW returns a Create Default Bearer Response (PDN Address, Serving GW address for User Plane, Serving GW TEID for User Plane, Serving GW Context ID) message to the MME. 
9)
The MME sends an Activation Accept (S-TMSI, PDN Address) message to the eNodeB. S-TMSI is included if the MME allocates a new S-TMSI. The PDN address assigned to the UE is included in this message.

Editor’s Note: It is FFS how this messages is transported over S1.

Editor’s Note: It is FFS if any radio related procedure are executed (e.g. if the activation of the additional EPS bearer is for a dedicated EPS bearer), and similarly for any additional interactions between the MME and the Serving GW.

10)
The eNodeB sends an Activation Accept (PDN Address) to the UE to indicate successful completion or the activation of the additional EPS bearer.
After the Activation Accept message, the UE can then send uplink packets towards the eNodeB which will then be tunnelled to the Serving GW and PDN GW.
11)
Radio bearer establishment and bearer update towards the Serving GW are performed (details are FFS)
Editor's Note: it is expected that radio bearer establishment and bearer update details are aligned with section 5.3.2.
Editor's Note: After Step 5, the PDN GW may assign the PDN address to the UE or leave the PDN address unassigned. In some cases (e.g. non-integrated devices, such as Laptop), the UE PDN address may need to be assigned after the completion of attach procedure (e.g. via DHCP). 
Editor's Note: It's FFS how the EPS knows which type of PDN address to use.
Editor's Note: Modifications to the additional procedures defined in this TS due to the support of multiple PDNs through different PDN GWs are FFS.

**** End of fourth change ****
**** Start of fifth change ****
5.4 Session Management, QoS and interaction with PCC functionality

<This section describes the SM and QoS functionality and signalling flows for, eg establishment of higher QoS bearers, release etc.>

Editor's note: The MME provides bearer management functions including dedicated bearer establishment.

Editor's note: Potential modifications to the following procedures due to the support of multiple PDNs through different PDN GWs is FFS. 
**** End of fifth change ****
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