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Introduction

To support  key issue#1 on high reliability by redundant transmission in user plane, SA2 captured the related solutions( Solutions #1 ~ #4  and Solution #7 and #10) into TR 23.725. In the past RAN3 meeting, these SA2 solutions was discussed, and the RAN impact of some solutions are captured into TR38.825. 

In SA2#129bis meeting, The solution #1 and #4 and #7 are selected to continue. 
---------------------------------------------------------FROM TR23.275-----------------------------------------------------------
It is recommended that normative work proceed as follows:

-
Focusing on backhaul reliability improvements only i.e. without changes to the radio interface and associated protocols; and

-
Requiring single UE only i.e. no UE redundancy shall be specified; and

-
Introducing enablers in the network for

a)
Redundancy of network nodes (UPF and gNB) and associated interface (N3), and concurrent PDU Sessions (see Solution #1); and

b)
GTP-U / TRANSPORT LAYER redundancy over N3 with single network nodes i.e. UPF and gNB (see Solutions #4, #7). No UE impact.

c)
Enablers to support appropriate gNB/UPF selection as applicable for a) and b).

UE impact with a) shall be minimized. 

NOTE:
An informative annex will be created during the normative work to document UE redundancy option with no 3GPP specification impact as enabled with Solution #2.

--------------------------------------------------------------------------------------------------------------------------------------------
In SA2#130 meeting , The corresponding CRs (S2-1901367 S2-1901368 S2-1901370 S2-1901371) to TS23.501&TS23.502 for solution#1 and solution#4 are approved.
In this paper,  we will further discuss the potential RAN impacts for the approved Solution#1,#4 by SA2 and provide our corresponding proposals and TP to TR38.825.

Discussion
 Solution1: Redundant user plane paths based on dual connectivity 

Issue1 : Whether two redundant PDU sessions need to be established/or released  simultaneously by RAN?

Since UE or AMF do not know whether RAN can successfully establish PDU sessions on dual connectivity or not (related to coverage, network deployment, cell/node load and radio link quality etc).  In case RAN is requested to establish a redundant PDU session on dual connectivity when the network does not support it, RAN can response in different ways:

- Establishes first PDU session only (responding as one PDU session accept and another rejected);

- Establishes two  PDU session and suspend one PDU session (responding as two PDU session accept but one 
suspended)

- Rejects all the PDU session establishment requests(responding as two PDU session reject).

So, If two PDU sessions must be established simultaneously to guarantee the QOS of URLLC services, RAN can only reject all PDU session establishment requests in case RAN cannot successfully establish the second redundant PDU session on dual connectivity temporarily, otherwise RAN can establish one PDU session and reject or suspend another PDU session establishment request.
Furthermore,  After  a pair of PDU session are established simultaneously, if one of the PDU sessions cannot fulfill the quality of service (e.g RL FAILURE), and then the corresponding PDU session will be released, In consequence, the remained PDU session may not guarantee the high reliability for the service. So when a PDU session needs to be released, it seems reasonable the RAN or CN should ensure another PDU session to be released simultaneously too.
Proposal 1: For solution#1, SA2 is kindly asked to clarify whether two redundant PDU sessions need to be established/or released simultaneously by RAN.
Issue2 : how to support a gNB with multiple DUs deployment  scenario?

In solution#1, the 3GPP network should provide two independent user plane paths from the device, the first PDU Session spans from the UE via gNB1 to UPF1, and the second PDU Session spans from the UE via gNB2 to UPF2. In this solution, the redundant paths span the whole system including RAN, CN, and can possibly extend to Data Network beyond 3GPP scope as well.

However, hardware flexibility and cost reduction can be achieved by  CU/DU separation architecture, therefore, using one gNB with multiple DUs for extensive area coverage deployment is assumed to be very common scenario in 5G. The CU/DU case for solution#1  is shown in the figure below. If the operator uses a centralized CU and multiple DUs for area coverage deployment, the high reliability of the air interface can be achieved by multi-DUs connectivity or CA based multiple connectivity, but only one CU (hosting PDCP) could be used to connect with different UPFs via N3 tunnel.  
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Fig1:  CU/DU deployment scenario
Proposal 2: Using one gNB with multiple DUs for extensive area coverage deployment is assumed to be very common scenario in 5G, in such case, only one CU(hosting PDCP) could be used to connect with different UPFs via N3 tunnel. SA2 is kindly asked to clarify how to support a gNB with multiple DUs deployment  scenario in solutin1.

Furthermore, considering CP/UP separation architecture, if the gNB has different physical CU-UPs entity (e.g. at different geographical locations), Even there is only one gNB, the RAN can set up two N3 tunnels by using different CU-UPs  within one gNB toward to different UPFs to provide high reliability between RAN and CN. The CP/UP case for solution#1  is shown in the figure below.
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Fig2:  CP/UP deployment scenario
Proposal 3: For solution#1, SA2 is kindly asked to clarify whether it is valid for RAN setting up two N3 tunnels with different CU-UPs  within one gNB toward to different UPFs.
 Solution4: Supporting redundant data transmission via single UPF and single RAN node 

In SA2#130 meeting , The corresponding CRs ( S2-1901370 S2-1901371) to TS23.501&TS23.502 for  solution#4 in TR23.725 are agreed and approved. 
----------------------------------------------------From agreed S2-1901370--------------------------------------------
If duplication transmission is performed on N3 interface, for each downlink packet of the QoS Flow the PSA UPF received from DN, the UPF replicates the packet and assigns the same sequence number to them for the redundant transmission. These packets are transmitted to the NG-RAN via two N3 Tunnels separately.  The RAN eliminates the duplicated packet then forwards the PDU to the UE. For each uplink packet of the QoS Flow the NG-RAN received from UE, the NG-RAN replicates the packet and assigns the same sequence number to them and the UPF eliminates the duplicated packet based on the GTP-U sequence number accordingly.
NOTE 1: How to realize the sequence number for support of GTP-U duplication over N3/N9 is up to stage 3. 

The UPF and RAN may transmit packets via one or both of the tunnels per QoS Flow based on SMF instruction. 

From above  S2-1901370 (approved to TS23.501), the granularity of the redundant data is per QOS flow. However, If the SMF indicates that the RAN only needs to send uplink traffic on one N3 tunnel, there is no hint how does the RAN select a tunnel to send?

In latest TR23.725 (g00 version), for solution#4, there is description related to the above issue.

----------------------------------------------------------- From TR23.725 ------------------------------------------------------------
One of the N3 Tunnels is determined as main transport path during the GTP-U tunnel establishment. For those QoS Flows of the same PDU session that don't need redundant transmission, this main N3 Tunnel is used.

-------------------------------------------------------------------------------------------------------------------------------------------
Proposal 4:  For solution#4, SA2 is kindly asked to clarify  how the RAN selects a N3 tunnel to send uplink data in case the redundant transmission of specific QOS flow is not indicated by AMF (e.g. whether the AMF need to indicate the main N3 tunnel).

Proposal 5: The corresponding TP for TR38.825 is in Appendix, and the draft LS to SA2 is in [2].
Conclusion
The following observations and proposals are provided:

Proposal 1: For solution#1, SA2 is kindly asked to clarify whether two redundant PDU sessions need to be established/or released simultaneously by RAN.
Proposal 2: Using one gNB with multiple DUs for extensive area coverage deployment is assumed to be very common scenario in 5G, in such case, only one CU(hosting PDCP) could be used to connect with different UPFs via N3 tunnel. SA2 is kindly asked to clarify how to support a gNB with multiple DUs deployment  scenario in solutin1.

Proposal 3: For solution#1, SA2 is kindly asked to clarify whether it is valid for RAN setting up two N3 tunnels with different CU-UPs  within one gNB toward to different UPFs.
Proposal 4:  For solution#4, SA2 is kindly asked to clarify  how the RAN selects a N3 tunnel to send uplink data in case the redundant transmission of specific QOS flow is not indicated by AMF (e.g. whether the AMF need to indicate the main N3 tunnel).

Proposal 5: The corresponding TP for TR38.825 is in Appendix, and the draft LS to SA2 is in [2].
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Appendix:

Text Proposal for TR 38.825

<<<<<<<<<<<<<<<<<<<< START OF CHANGES >>>>>>>>>>>>>>>>>>>>

4.3.2.1
Redundant user plane paths based on dual connectivity

4.3.2.1.1
Overview
This is the solution of “redundant user plane paths based on dual connectivity for Key Issue 1 captured in TR 23.725[4], and the solution is approved by SA2.

The solution will enable a terminal device to set up two redundant PDU Sessions over the 5G network, so that the network will attempt to make the paths of the two redundant PDU sessions independent whenever that is possible. 
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Figure 4.3.2.1.1-1: Overview of redundant user plane paths based on dual connectivity approach

4.3.2.1.2
Impacts on RAN

-
The AMF  provides the RSN ( Redundancy Sequence Number) to RAN for a pair of PDU session. MN takes  into account the RSN to determine if dual connectivity shall be set up
-
Set up dual connectivity in such a way that both the MgNB and the SgNB have an independent PDCP entity for handling the two independent user plane paths. This is supported in the specification already.

-
To achieve the use plane redundancy, one PDU session is setup as MN terminated MCG bearer, the other PDU session (of the pair) is setup as SN terminated SCG bearer.

-
It is FFS whether two redundant PDU sessions need to be established/or released simultaneously by RAN. 
- 
It is FFS how to support a gNB with multiple DUs deployment scenario. 
-
It is FFS whether it is valid for RAN setting up two N3 tunnels with different CU-UPs  within one gNB toward different UPFs. 

Note: The above FFS issues are pending to the feedback from SA2.
<<<<<<<<<<<<<<<<<<<< NEXT CHANGE >>>>>>>>>>>>>>>>>>>>
4.3.2.4
Supporting redundant data transmission via single UPF and single RAN node

4.3.2.4.1
Overview

This is the solution of “supporting redundant data transmission via single UPF and single RAN node” for Key Issue 1 captured in TR 23.725[4], and the solution is approved by SA2.

In this solution 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.
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Figure 4.3.2.4.1-1: Overview of redundant data transmission via single UPF and single RAN node approach

4.3.2.4.2
Impacts on RAN

-
The RAN shall be able to replicate the uplink packet per QOS flow based on AMF indication and send the duplicate packets to the two N3 tunnels and .assign the same GTP-U sequence number to these packets.

-
The  RAN shall be able to eliminate the duplicate downlink packets  based on the same GTP-U sequence number of these packets.

-
It is FFS  how the RAN selects a N3 tunnel to send uplink data in case the redundant transmission of specific QOS flow is not indicated by AMF (e.g. whether the AMF need to indicate the main N3 tunnel)
Note: The above FFS issue are pending to the feedback from SA2.
<<<<<<<<<<<<<<<<<<<< END OF CHANGES >>>>>>>>>>>>>>>>>>>>
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