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1
Introduction
This solution addresses the Key Issue #1 in TR 23.725 [2] about "Supporting high reliability by redundant transmission in user plane".

This solution, captured as Solution #7 in TR 23.725 [2], introduces a replicator that allows the 3GPP system to be aware (e.g. detect or have explicit information) that two or more "streams" of replicated packets belong together, and guide the lower layers to ensure these packets get an optimized treatment in the 3GPP system depending on whether the streams are terminated in a single UE or by two different UEs that belong together within the same hub-solution (e.g. TSN hub with two or more redundant 5G modems). This is to specifically ensure that 3GPP features are used optimally to ensure that latency/availability/reliability requirements and expectations of external duplication methods are fulfilled (e.g. including hybrid access solutions, IEEE 802.1CB, etc.). Additionally, the replicator is applicable to any external multi-path mechanism even if the multiple paths are not used in a redundancy fashion (i.e., duplicating each packet on all paths) but for partly or fully disjoint data transmission.

2
Discussion

In short, the main principles of the solution are as follows:

1.
An entity/functionality in the 3GPP system, referred to as replicator functionality, is able to detect multiple related flows, and whether they are utilized for redundant packets, of incoming IP/Ethernet flows at the transmitter side. Control plane aspects necessary for the replicator functionality resides in the SMF and the User plane aspects necessary for the replicator functionality resides in the UPF.

2.
The replicator guides the lower layers to ensure their corresponding latency/availability/reliability requirements are fulfilled.

a.
In the simplest form, the replicator forwards the received replicas to the lower layers, by adding a header or other type of indication that tells the lower-layers to treat the packets as uncorrelated as possible.

b.
More sophisticated options include manipulation of the incoming data, e.g. combining, excluding, or further replicating (among other operations) the incoming packets. For instance, create 3 packets based on the two incoming replicas and make sure they are scheduled according to step 2a. Another option is to only forward a single or a subset of the packets to the lower-layer but scaling appropriately the QoS constraint to be fulfilled by the lower layers.

3.
To ensure the two N3 tunnels can be transferred via disjointed transport layer paths, the RAN node, SMF or UPF will provide different routing information in the tunnel information (e.g. different IP addresses or different Network Instances), and the routing information will be mapped to disjoint transport layer paths according to network deployment configuration.

4.
At the receiver side, the receiver translates and forwards the internal streams to the corresponding external network(s). To make it transparent to the external network(s), further combine/remove/replicate operations may be applied to "reverse" the operations in step 2b. The replicator at the receiver can use the header information (or share explicit information with the replicator entity at the other end) to translate/re-build packets according to the external network(s) requirements. For example:

a.
For redundant transmissions, all the duplicated packets should be forwarded to the receiver host to ensure correct performance of the protocol, even if only a single packet was transmitted over the radio network.

b.
For TSN applications, where the 5GS acts as a TSN ethernet bridge, the 5GS might need to forward a lower/equal/larger number of packets to the receiver host as specified in the 802.1CB standard.

Following are the main 5G System impacts and principles:

-
5G System can have an API or direct interaction with external management system to become aware of the expected application behaviour with regards to replication functionality. UPF can also perform data inspection in the UPF (with replicator) for autonomous discovery of multiple related flows.

-
Based on policies, the SMF determines whether a particular PDU Session is subject to replication, selects a UPF with replicator functionality; It also provides the necessary replicator information as part of rules to the selected UPF.

-
Based on the rules received from SMF, UPF activates replicator functionality for the User plane traffic. It can perform further replication and provide an indication (e.g. GTP-U header) to the RAN. If the UPF duplicates the traffic, it transmits over multiple tunnels (using disjoint transport path) towards the RAN.

-
Based on the indication from UPF regarding the replication, RAN can take potential actions such as mapping replicated packets into different DRBs.

-
The UE with the replicator functionality can re-assemble the packets to ensure transparency to the application layer. The replicator at the receiver forwards the received data to one or more output ports, as expected by the application layer protocol.
In order to provide a complete picture of the solutions for Key Issue #1, the above Solution #7 should be added to TR 38.825 along with the other existing Solutions #1-4.
Proposal: Capture an overview of Solution #7 (replication framework in 3GPP system) in TR 38.825 with description of RAN impacts.
A text proposal is provided in the Appendix.
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Appendix:

Text Proposal for TR 38.825
Start of Text Proposal
4.3.2.x
Replication framework in 3GPP System

4.3.2.x.1
Overview

This is the solution called “replication framework in 3GPP System” for Key Issue #1 captured in TR 23.725 [4].

This solution introduces a replicator that allows the 3GPP system to be aware (e.g. detect or have explicit information) that two or more "streams" of replicated packets belong together, and guide the lower layers to ensure these packets get an optimized treatment in the 3GPP system depending on whether the streams are terminated in a single UE or by two different UEs that belong together within the same hub-solution (e.g. TSN hub with two or more redundant 5G modems).

Figure 4.3.2.x.1-1 below shows an example of the user-plane system architecture of the proposed solution. The Replicator functionality may be a part of the UPF (or collocated with the UPF) for user plane functionality and SMF for control plane functionality. It considers a multi-UE transceiver that encompasses various UEs with independent hardware and protocol stacks. Each gNB can also consist of multiple distributed units (DU) attached to a central unit (CU).
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Figure 4.3.2.x.1-1 Overview of architecture with replication framework
4.3.2.x.2
Impacts on RAN

-
Information provided by the replicator as part of UP packet header (e.g. GTP-U header) can be used by the lower layers (e.g. at the SDAP) to optimize the delivery of the information.

-
Based on the indication from UPF regarding the replication, RAN can take potential actions such as mapping the replicated packets to different DRBs. RAN can also use that knowledge not to duplicate via the same gNB (that the UPF has duplicated to) for transmission towards the UE (e.g. in case of DC scenario).
End of Text Proposal
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