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Abstract of the contribution: This contribution proposes to update solution#3 and solution#4 to resolve the ENs. 
1 Discussion
The following contribution discusses the editor’s notes added for solution #3 and solution #4 in last meeting, and updates solution #3 and #4 according to the discussion.
1. The editor’s notes to be resolved in solution #3:
1) Editor's note: It is FFS whether and how to coordinate with other redundancy mechanisms if such mechanisms were used in DN.
In IEEE802.1 CB, it supports flexible positioning of the FRER function. As show in Figure 1, End System A is transmitting a Stream, but has no FRER functions. Relay system B transforms the TSN stream into Relay system C and D by sequencing the packets and splitting them into 2 Member Streams 26 and 31.
[image: ]
Figure 1 Frame Replication and Elimination for Reliability flexible positioning
In Solution #3 or #4, if IEEE 802.1CB was deployed in the DN, a relay system can be deployed close to or co-located with the UPF to terminate IEEE FRER as defined in above figure. 
Figure 2 depicts the transmission for TSN Stream. For the DL, the relay system combines the two Member Streams received from different Bridges over N6, and obtains a single copy of each packet of the TSN Stream. Then the UPF replicates each packet as described in solution #3 or #4. For the UL, the relay system will transforms the packet received from 5GS into two Member Streams and sends to different paths in TSN domain.


Figure 2 Coordination with redundancy mechanism used in DN
Proposal 1: If IEEE FRER are used in DN, a TSN relay system can be deployed close to or co-located with the UPF to terminate TSN FRER as defined in IEEE 802.1CB.

2) Editor's note: It is FFS how the UE becomes aware which flows redundancy should be applied to.
3) Editor's note: It is FFS how the limitation of one QoS flow per DRB is known and enforced in RAN. It is FFS whether the limitation of one QoS flow per DRB imply also a limitation on the number of QoS flows, and if so, how is that limitation known in the core network?
The two ENs both related to how the UE/RAN knows the redundancy transmission described in solution #3 is applied to the QoS flow. 
It’s proposed to let the SMF to include a “CN redundancy indicator” in the N2 SM information in PDU session establishment or modification procedure. For option 1 case, RAN then informs UE about the CN redundant transmission during RRC reconfiguration procedure. For option 2 (HRP protocol) case, the UE is informed by the CN redundancy indicator included in the NAS messages (PDU Session Establishment/Modification Accept).
With this, both UE and RAN know the solution is applied to the QoS Flow, then UE and RAN can apply the mechanisms described in the solution accordingly.
Proposal 2: A “CN redundancy indicator” is included in the N2 SM information for the QoS Flow during PDU session establishment or modification procedure. For option 1 case, RAN then informs UE about the CN redundant transmission during RRC reconfiguration procedure. For option 2 (HRP protocol) case, the UE is informed by the CN redundancy indicator included in the NAS messages (PDU Session Establishment/Modification Accept). With the indication, UE and RAN shall handle the QoS Flow as described in clause 6.3.1a.

2. The editor’s notes to be resolved in solution #4
5) Editor's note: It is FFS which tunnel is applied for a flow that does not need redundant handling.
If there are some flows that does not need redundant transmission, it is proposed to use a default N3 tunnel for these flows. The default tunnel is decided during the tunnel establishment
Proposal 3: One of the N3 Tunnel is marked as default tunnel during the tunnel establishment. For those QoS Flows of the same PDU session that don’t need redundant transmission, the default N3 Tunnel is used.
.
6) Editor's note: It is FFS how the RAN node capability to support the solution is indicated to the CN.
Supporting of solution 4# is a capability of RAN node, hence it’s possible to perform capability negotiation between RAN and CN as usual. However, in most deployments, supporting of URLLC should be homogeneous in a specific area or network slice. For the sake of simplification, it proposed to pre-configure the capability to support the solution in SMF per SMF service area or network slice.
Proposal 4: The RAN node capability to support the solution can be configured in the SMF per network slice or per SMF service area.

2 Proposal
It is proposed to make the following changes to the TR 23.725.

* * * * Start of Changes * * * * 
[bookmark: _Toc529343269]6.4	Solution #4 for Key Issue #1: Supporting redundant data transmission via single UPF and single RAN node
[bookmark: _Toc529343270]6.4.1	Description
This solution addresses the KI#1 of How to "Supporting high reliability by redundant transmission in user plane". It focuses on the redundant transmission between RAN and UPF.
In this solution, it is assumed that the reliability of NG-RAN node, UPF and CP NFs are high enough to fulfil the reliability requirement of URLLC services served by these NFs. The reliabilities of these NFs can be realized based on implementation (e.g. redundant mechanisms provided by NFV platform), which is out of scope of this solution. However, the reliability of single N3 tunnel is considered not high enough, e.g. due to the deployment environment of backhaul network, so the redundant packets will be transferred between UPF and RAN via two independent N3 tunnels, which are associated with a single PDU Session, over different transport layer path to enhance the reliability of service.
To ensure the two N3 tunnels 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 these routing information will be mapped to disjoint transport layer paths according to network deployment configuration.
This solution supports the redundant transmission based on two N3 tunnels between a single NG-RAN mode and the UPF. The RAN node and UPF shall support the packet replication and elimination function.


Figure 6.4.1-1: Redundant transmission with two N3 tunnels between the UPF and a single NG-RAN node
Packet replication and elimination can be realized by modifying the GTP-U protocol. In case of DL traffic, the UPF replicates the packet from the DN and assigns the same GTP-U sequence number to them for the redundant transmission. These packets are transmitted to the NG-RAN via the N3 Tunnel 1 and the N3 Tunnel 2 separately. In order to eliminate the duplicated packet, the NG-RAN forwards the packet received first from either tunnel to the UE and drops the replicated packet which has the same GTP-U sequence number as the forwarded packet.
In case of UL traffic, the NG-RAN replicates the packet and assigns the same GTP-U sequence number to them and the UPF eliminates the duplicated packet based on the GTP-U sequence number.
Editor's note: It is FFS which tunnel is applied for a flow that does not need redundant handling.
One of the N3 Tunnel is marked as default transport path during the GTP-U tunnel establishment. For those QoS Flows of the same PDU session that don’t need redundant transmission, this N3 Tunnel is used.
Editor's note: It is FFS how the RAN node capability to support the solution is indicated to the CN.
NOTE 1: 	The RAN node capability to support the solution can be configured in the SMF per network slice or per SMF service area.
The solution can be extended by inserting two Intermediate UPFs (I-UPFs) between the UPF acting as the PDU Session Anchor and the NG-RAN to support the redundant transmission based on two N3 and N9 tunnels between a single NG-RAN mode and the UPF. The RAN node and UPF shall support the packet replication and elimination function.


Figure 6.4.1-2 Two N3 and N9 tunnels between NG-RAN and UPF for redundant transmission
In figure 6.4.1.2, there are two N3 and N9 tunnels between NG-RAN and UPF for redundant transmission. The UPF interfacing the DN and acting as the Traffic Distributor for DL traffic duplicates the packet of the URLLC service from the DN and assigns the same GTP-U sequence number to them. These duplicated packets are transmitted to I-UPF1 and I-UPF2 via N9 Tunnel 1 and N9 Tunnel 2 separately. Each I-UPF forwards the packet with the same GTP-U sequence number which receives from the UPF to NG-RAN via N3 Tunnel 1 and N3 Tunnel 2 respectively. The NG-RAN eliminates the duplicated packet based on the GTP-U sequence number. In case of UL traffic, the NG-RAN acting as the Traffic Distributer for UL traffic duplicates the packet of the URLLC service for the UE and the UPF eliminates the duplicated packet.
NOTE 12:	The I-UPFs inserted on one leg of the redundant paths shall not behave in an UL CL or Branching Point role.


Figure 6.4.1-3: Redundant transmission with one NG-RAN node in HR roaming scenario
As shown in figure 6.4.1-3, in home routed roaming scenario, the NG RAN node is connected to the anchor UPF in the HPLMN via an intermediate UPF node in the VPLMN to support redundant transmission with two N3 and N9 tunnels. The V-SMF selects the two intermediate UPFs and setup the redundant transmission tunnels on N3 and N9 in case it receive two CN tunnel info for a URLLC QoS flow from H-SMF.
NOTE 23:	Supporting the above HR redundant transmission requests two disjointed transport paths exist between I-UPF and PSA UPF.
[bookmark: _Toc529343271]6.4.2	Procedures
The Procedures for activate redundant transmission during PDU session establishment/modification are same as corresponding procedures shown in clause 6.3.2 except for both of two AN tunnels are terminated on M-RAN nodes and S-RAN node addition is not needed.
The handover procedures in this solution can refer to the handover procedures defined in TS 23.502 [3]. The only difference is that the NG RAN node shall provide the CN with the AN Tunnel Info for the two N3 tunnels and the CN will also provide the NG RAN node with the CN Tunnel Info for the two N3 tunnels.
[bookmark: _Toc529343272]6.4.3	Impacts on Existing Nodes and Functionality
PCF:
-	The PCF can determine whether redundant transmission need to be activate for a QoS Flow based on its QoS requirement, UE's subscription and condition of network deployment.
AMF:
-	No impact in this solution.
SMF:
-	The SMF can determine whether redundant transmission need to be activated for a QoS Flow based on local policies for the DNN or S-NSSAI.
-	In case the SMF allocates CN Tunnel Info, it shall provide the CN Tunnel Info for two tunnels of the redundant transmission paths.
-	The SMF shall indicate the UPF to replicate the downlink packet and send the duplicate packets to the two N3 tunnels, and indicate the UPF to eliminate the duplicate uplink packets.
UPF:
-	In case the UPF allocates CN Tunnel Info, it shall provide the CN Tunnel Info for two tunnels of the redundant transmission paths.
-	The UPF shall be able to replicate the downlink packet and send the duplicate packets to the two N3 tunnels, and eliminate the duplicate uplink packets.
RAN:
-	The RAN shall be able to replicate the uplink packet and send the duplicate packets to the two N3 tunnels, and eliminate the duplicate downlink packets.
UE:
-	No impact in this solution.
[bookmark: _Toc529343273]6.4.4	Solution Evaluation
This solution provides high reliability transporting mechanism by performing redundant transmission between Anchor UPF and RAN node via disjointed CN tunnels. The solution has the following properties:
-	The operator can control the activation of redundant transmission or not by PCC mechanism.
-	Use of certain transport network (e.g. TSN) in the backhaul (i.e. over N3/N9) can address this issue.
-	The solution provides a 3GPP solution for setting up redundant paths on N3 in case transport layer cannot meet the reliability requirement.
-	The UPF is a single point of failure in the user plane. In case of UPF failure, the session is lost.
-	This solution has no dependency on the protocol used in application layer, which is out of control of the operator.
-	The redundant transmission can be activated on demand per QoS Flow.
-	Current existing PDU session/QoS Flow management mechanisms are reused in this solution with limited extensions shown in 6.4.3. No further impact on existing control plane mechanisms.
-	No impact on air interface and UE.
[bookmark: _Toc473190644][bookmark: _Toc500949091]
* * * End of Change * * * 
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