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1. Discussion
1.1 General

Fig. 1 below illustrates a scenario where a UE has a PDU session providing remote access to a DN and, at some time instance the network inserts an Uplink Classifier (UL CL) in the data path of the PDU session in order to support also local access to the DN. So far, it has been assumed that "the UE is unaware of the insertion of an UL CL in the data path of a PDU session" (see TS 23.501 clause 5.6.4.2) and therefore it does not know when a PDU session becomes capable to support local access to a DN. However, the following EN exists as a reminder that this assumption needs further consideration.

Editor's note: The normative phase will determine whether it is needed to make the UE aware that access to local services is possible and if yes how.
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Fig. 1

The following two clauses discuss (a) if the UE needs to know whether a PDU session provides local access to a DN and (b) how the UE can know when a PDU session provides local access to a DN.

1.2 Does the UE need to know?

Is it really needed for the UE to become aware when a PDU session provides local access to a DN? We believe yes for the following reasons: 
1. Service discovery: When the UE becomes aware that it can access a local data network, the UE may attempt to discover and utilize the services in this network e.g. by using multicast DNS and/or SSDP. In turn, the UE may inform its applications and the user of the discovered services. For example, when the user enters a shopping mall and its PDU session is configured to provide access to the mall’s local data network, the UE may discover and present to the user a web service that provides navigation maps and directory information. However, if the UE is not aware of the capability to access the local data network, the UE will not attempt to discover local services unless (a) the user explicitly triggers the UE to start the discovery (which leads to delays and bad user experience) or (b) the UE is configured to periodically attempt the discovery (which leads to unnecessary use of battery and radio resources when the PDU session does not provide local access).

· 
Service discovery sub-case: When the UE becomes aware that it can access a local data network, the UE may use the Web Proxy Auto-Discovery (WPAD) protocol to discover and use an HTTP proxy in the local data network. Subsequent HTTP traffic would go through this proxy which would improve the browsing experience since requests for content locally cached in the proxy would be served very quickly.
2. Traffic counting: Many UEs are configured to count the data traffic over PDU sessions and (a) disable cellular data when the consumed traffic reaches a certain volume and/or (b) present to user an estimate of the consumed data volume. Such UEs would need to count separately the data traffic sent via remote access and the data traffic sent via local access (a) if the user subscription may set different monthly limits, e.g. 2GB/month for local traffic + 1GB/month for remote traffic or (b) if such data traffic is charged differently.

3. Different charging: In some scenarios, the local data network may provide access to the Internet with reduced charging rate or even free of charge. So, if the UE becomes aware that its PDU session provides Internet access with reduced or no charging, the UE may notify its applications which may then start content retrieval (e.g. start downloading a firmware update) that would be too costly via the remote data network. (It is assumed here that the UE knows which uplink traffic is routed to the local data network – this is further discussed later.) 
4. Other optimizations: When the UE is notified that its PDU session provides access to a local DN, the UE may use the DHCP protocol to configure a new interface for communication with the local DN (assuming the DHCP request is routed to the local DN, the UE will be able to retrieve IP configuration data). In other cases, the UE may turn off its WiFi interface and reduce battery consumption when it becomes aware that its PDU session provides Internet access via a local access.
In general, if the UE becomes aware that it can locally access a data network via an existing PDU session, the UE can take actions to optimize its operation and to provide enhanced user experience. Although the specific actions that may be taken by the UE are outside the scope of 3GPP, it is expected that 5G specifications should enable the UE to take such actions and not to prevent the UE from taking these actions. For this reason, we believe that the 5G system should fulfill the following requirements:

Requirement 1: When the network inserts an Uplink Classifier (UL CL) in the data path of a PDU session in order to provide local access to a DN, it shall be possible to inform the UE that the PDU session starts providing local access to a DN. Similarly, it shall be possible to inform the UE when the PDU session stops providing local access to a DN.


Requirement 2: In case different charging rate is applied for the remote and local traffic, it shall be possible for the UE to know which traffic is routed to the remote DN and which traffic is routed to the local DN.
1.3 How can the UE know?

The next question is how can the UE know when a PDU session starts or stops providing local access to a DN?
Although several solutions could be envisioned, we believe that the following user-plane solution would be simple and effective:
· When the network inserts an Uplink Classifier in the data path of the PDU session in order to provide local access to a DN, the Uplink Classifier marks all (or some) downlink packets sent to UE with a "local DN available" indicator. As an example, this indicator could be one bit in the Uu and N3 encapsulation headers.

· When the UE detects the presence of this indicator, the UE determines that the PDU session becomes capable to support local access to a DN. Subsequently, when the UE stops detecting this indicator (e.g. this indicator is not received in the last X downlink packets), the UE determines that the PDU session stops supporting local access.
This solution can fulfil the Requirement 1 defined in the previous clause. The Requirement 2 is left FFS.
In addition, in order to enable the UE to obtain IP configuration data from the local DN:

· The Uplink Classifier routes DHCP discovery requests sent by the UE to the local DN. (Note that if the UE has one IP address for the remote DN and another IP address for the local DN, the PDU session becomes a multi-homed PDU session.)

· The Uplink Classifier performs routing to the remote DN and local DN (a) based on the destination IP address and (b) based on traffic rules provided by the SMF.
2. Proposal

Based on the above discussion the following changes to TS 23.501 are proposed.
* * * First Change * * * 

5.6.4.2
Usage of an UL Classifier for a PDU session

In case of PDU sessions of type IPv4 or IPv6 or Ethernet, the SMF may decide to insert in the data path of a PDU session an "UL CL" (Uplink classifier). The UL CL is a functionality supported by an UPF that aims at diverting (locally) some traffic matching traffic filters provided by the SMF. The insertion and removal of an UL CL is decided by the SMF and controlled by the SMF using generic N4 and UPF capabilities. The SMF may decide to insert in the data path of a PDU session or to remove from the data path of a PDU session a UPF supporting the UL CL functionality either during or after the PDU session establishment. The SMF may include more than one UPF supporting the UL CL functionality in the data path of a PDU session.


When an UL CL functionality is inserted in the data path of a PDU session in order to provide local access to a DN, the UL CL marks downlink packets sent to UE with a "local DN available" indicator. This indicator informs the UE when the PDU session provides local access to a DN, in addition to remote access. When the UE receives this indicator, it may attempt to obtain IP configuration data (including an IP address) that can be used for communication via the local access. To enable the UE obtain such configuration data with DHCP, the UL CL should route DHCP requests via the local access.
When an UL CL functionality has been inserted in the data path of a PDU session, there are multiple PDU session anchors for this PDU session. These PDU session anchors provide different access to the same DN.

The UL CL provides forwarding of UL traffic towards different PDU session anchors and merge of DL traffic to the UE i.e. merging the traffic from the different PDU session anchors on the link towards the UE. This is based (a) on traffic detection and traffic forwarding rules provided by the SMF and (b) on the destination IP address.

The UL CL applies filtering rules (e.g. to examine the destination IP address/Prefix of UL IP packets sent by the UE) and determines how the packet should be routed. The UPF supporting an UL CL may also be controlled by the SMF to support traffic measurement for charging, traffic replication for LI and bit rate enforcement (per PDU session AMBR).

NOTE 2:
The UPF supporting an UL CL may also support a PDU session anchor for connectivity to the local access to the data network (including e.g. support of tunnelling or NAT on N6). This is controlled by the SMF.

The insertion of an UPF in the data path of a PDU session is depicted in Figure 5.6.4.2-1.
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Figure 5.6.4.2-1 User plane Architecture for the Uplink Classifier

NOTE 3:
The same UPF may support both the UL CL and the PDU session anchor functionalities

In Home Routed case the visited operator is only allowed to use local access to a DN in case the home operator has explicitly allowed it.

Editor's note: The Relationship between SSC mode 1and Uplink Classifier is FFS.
* * * End of Changes * * * 
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