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	Reason for change:
	Impement the conclusion of the FS_URLLC for user plane replication

	
	

	Summary of change:
	Add the possibility to support replication framework within the 5GS
1. The Replicator functionality is assumed to be supported within the 3GPP System (i.e. 5GS which is in scope of MNO network) but technical realization of Replicator functionality is out of scope for 3GPP.
1. The main benefit is that the Replicator functionality can be supported within the 5GS without making any assumption on support for IEEE FRER in the application layer (DN only) at the same time it can be introduced without much impact on the UE, UPF, NG-RAN rather isolated to the replicator framework (e.g. it can be realized by integrating IEEE FRER within the 3GPP system) that can be integrated within 3GPP system.

The two main scenarios addressed by this solution is explained here as Case 1) and Case 2):

Case 1:
Description of a procedure for a single UE/single UPF case where the replicator blindly replicates the stream based on application requirement:
1. When the UE requests PDU Session for a certain DNN and S-NSSAI, appropriate UPF with access to replicator functionality towards DN is selected and Replicator functionality in the NG-RAN is also activated.
Downlink:
a. When the UPF with replicator functionality is selected, replicator simply replicates the stream received from the DN towards UPF. The UPF forwards the duplicated stream towards the RAN node. 
b. If the RAN has support for replicator functionality, then it can eliminate the redundant packets at the replicator layer prior to forwarding it to the UE.
c. If the RAN replicates the packets and the UE has support for replicator functionality, then it can eliminate the redundant packets at the replicator layer for forwarding it to the application layer to keep it transparent to the application layer.
Uplink:
d. When the replicator functionality in the RAN receives the packets, replicator simply replicates the stream received from the DN towards UPF. 
e. The UPF with replicator functionality can eliminate the redundant packets prior to forwarding it to the DN


When will case 1 be useful?
· Allows 3GPP 5G system (deployed in MNO network) to inherently support reliability and redundancy framework without relying on the protocol supported in the DN.
· It is beneficial for supporting Time sensitive communication natively within 5G System.
· Ability to support redundancy framework for any application layer protocol thus allowing support for a flexible framework in the 3GPP system.

Case 2:
Description of a procedure for a dual UE/dual UPF case where the replicator framework eliminates replication based on the knowledge that the application layer already replicates the packets:

1. When the UE(s) requests PDU Sessions for a certain DNN and S-NSSAI, appropriate UPF(s) with access to replicator functionality towards the DN is selected. 
Downlink:
a. When the UPF(s) with the replicator functionality is selected, replicator detects that the stream received from the DN is already replicated thus the replicator does not replicate the stream towards the RAN node. 
b. If the RAN has support for replicator functionality, then it also avoids further replication of packets prior to forwarding it to the UE.
c. The UE forwards the received packets towards the application layer is selected.

Uplink:
a. When the UE with the replicator functionality receives duplicated packets from the application layer, it can optionally avoid further replication in the air interface. If this is not supported by the UE, NG-RAN with replicator functionality  
b. If the RAN has support for replicator functionality, then it also avoids further replication of packets prior to forwarding it to the UE.
c. The UE forwards the received packets towards the application layer is selected.


When will case 2 be useful?
· An application that requires lowest possible latency might decide to perform blind replication (e.g. delivers traffic stream twice at the same time). In case an application requires lowest possible latency, blind replication might be preferred at the application layer.
· In this case, if the network also performs blind replication, it can overload the network by replicating already replicated streams (e.g. causing the same stream to be sent four times towards the UE). 
Example applications that might benefit from case 2:
In case an application requires lowest possible latency, blind replication might be preferred at the application layer. For instance, in case MPTCP is supported at the application layer, MPTCP has a mode when it duplicates all packets by sending each packet on all sub-flows: it’s called the ‘redundant’ scheduler:
http://multipath-tcp.org/pmwiki.php/Users/ConfigureMPTCP
For applications that require the lowest possible latency, this mode of scheduler is recommended. In this case, the network will receive each packet on each sub-flow (i.e. duplicated). This mode of operation was confused (by some companies in the past) with MPTCP’s ability to retransmit a packet lost on a sub-flow through another sub-flow as part of a recovery action, however this action is very sparse and this solution is not targeting that one in particular.
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* * * * Start of Change ( all new text)* * * *
5.x.y Redundancy framework in the 5G System
Replicator functionality can be supported within the 5GS without making any assumption on support for IEEE FRER in the application layer (DN only) at the same time it can be introduced by isolating it to the replicator framework. Replicator functionality within 3GPP system helps avoid blind replication irrespective of the type of application. If the application does not support replication of traffic stream but requires lowest latency and high availability, replicator within 5GS can perform replication of the traffic stream. If the application supports replication of traffic stream in order to support lowest possible latency, replicator within 5GS can avoid further replication of the traffic stream.
The main principles are as follows:
1.	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 and the NG-RAN.
2.	The replicator guides the lower layers to ensure their corresponding latency/availability/reliability requirements are fulfilled.
a.	Case 1:  Based on the application requirement to support lowest latency and the need to support replication within 5G System (within the domain of 3GPP System), the replicator framework replicates the packets towards the lower layers.
b.	Case 2: Based on the application functionality to support redundancy by default (e.g. 5GS is aware that the application protocol such as MPTCP supports redundant transmission at the application layer level), replication framework within 5G System (within the domain of 3GPP System) can eliminate further replication rather it can transmit the packet stream just once towards the lower layers.


Figure 5.x.y-2 Architecture with Replication Framework - Dual UE/Dual UPF case (Case 2)
3.	In order to ensure the two N3 tunnels (case 2) can be transferred via disjointed transport layer paths, the NG-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.
5.x.y.1 Architecture with Replication Framework (Case 1)
This clause provides the principles for Replication Framework with an architecture assuming single UPF and case 1 as described in 5.x.y. This is illustrated in the figure below.


Figure 5.x.y-1 Architecture with Replication Framework - Single UE/UPF case (Case 1)
When the UE requests PDU Session for a certain DNN and S-NSSAI, appropriate UPF with access to replicator functionality towards DN is selected and Replicator functionality in the NG-RAN is also activated.
Downlink:
a) When the UPF with replicator functionality is selected, replicator simply replicates the stream received from the DN towards UPF. The UPF forwards the duplicated stream towards the RAN node.
b) RAN eliminates the redundant packets at the replicator layer prior to forwarding it to the UE.
Uplink:
c) When the replicator functionality in the RAN receives the packets, replicator simply replicates the stream received from the DN towards UPF. 
d) The UPF with replicator functionality can eliminate the redundant packets prior to forwarding it to the DN
 5.x.y.2 Architecture with Replication Framework (Case 2)
This clause provides the principles for Replication Framework with an architecture assuming single UPF and case 1 as described in 5.x.y. This is illustrated in the figure below.
When the UE(s) requests PDU Sessions for a certain DNN and S-NSSAI, appropriate UPF(s) with access to replicator functionality towards the DN is selected. 
Downlink:
e) When the UPF(s) with the replicator functionality is selected, replicator detects that the stream received from the DN is already replicated thus the replicator does not replicate the stream towards the RAN node. 
f) If the RAN has support for replicator functionality, then it also avoids further replication of packets prior to forwarding it to the UE. 
Uplink:
g) If the RAN has support for replicator functionality, then it also avoids further replication of packets prior to forwarding it to the UPFs.
h) The UPF forwards the received packets towards the DN.

* * * * End of Change * * * *
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