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Introduction

At last RAN3 meeting, RAN3 discussed the signalling aspects for the Solution 1 of Key Issue 1, there is one setup enhanced solution proposed for two redundant PDU sessions establishment without path switch as below[1] :

-----------------------------------------------------------------------------------------------------------------------------------------------
RAN3 would also like lto point out that instead of setting the two PDU sessions in MN first, and setup DC later, the specification supports that, after the UPF selection, AMF could setup the two PDU sessions at the same time, and one will be setup as MN terminated bearers with MCG resources, and another will be setup as SN terminated bearer with SCG resources. The additional path switch procedure is not needed. 

-----------------------------------------------------------------------------------------------------------------------------------------------
Furthermore , during the offline discussion, Some companies argue that RSN is not needed on the RAN side. The  summary of the offline  discussion can be found in[2] as below: 
-----------------------------------------------------------------------------------------------------------------------------------------------
The “Dual Connectivity based end to end Redundant User Plane Paths” (the solution 1 of Key Issue 1)  described in TS 23.501, SA2 states how the RSN (Redundancy Sequence Number) is used:

RAN3 has concluded that instead of signal to NG-RAN which of the redundant PDU Sessions should be setup in MN, and which of the redundant PDU Sessions should be setup on SN, 5GC only need to signal to NG-RAN node which two PDU Sessions are the “redundant PDU Sessions”, let us call it PDU Session pairs for now.

When NG-RAN receives the information of the PDU Session pairs, NG-RAN will understand to set up one PDU session of the pair in MN using the MCG terminated bearers with MCG resources. The NG-RAN node will set up the other PDU sessions of the pair in SN using the SCG terminated bearers with SCG resources. 

There is no need to mandate which of the PDU sessions in the redundant PDU Sessions is set up in MN/SN by 5GC.

-----------------------------------------------------------------------------------------------------------------------------------------------
In this contribution, we further analyse redundant PDU Sessions  in solution1 , and provide the corresponding pCRs for TS38.413 and TS38.423 in [4][5].
Discussion
Redundant PDU sessions Management

Two redundant PDU Sessions should be managed in paired

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).

From RAN point,  two PDU sessions should be established simultaneously to guarantee the QOS of URLLC services, RAN should reject all PDU session establishment requests in case RAN cannot successfully establish the second redundant PDU session on dual connectivity.
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 can release another PDU session to save network resource.

Proposal 1: Two redundant PDU sessions should be managed  in paired (e.g.  established/released simultaneously) to guarantee the QOS of URLLC services. 

RSN indicator

RSN is not needed if two redundant PDU Sessions are managed in paired

In SA2 solution1, for one PDU Session the RSN parameter (RSN=1) explicitly requests that the user plane goes via the Master RAN, and for the other PDU Session the RSN parameter (RSN=2) explicitly requests that the user plane goes via the Secondary RAN using dual connectivity.
If two PDU sessions must be established/released simultaneously to guarantee the QOS of URLLC services, since these two session are duplicated, It also means that it doesn't matter which PDU session is established at SN or MN.The MN side and the SN side have the duplicated PDU session  (i.e., the same QoS flow number and QoS flow parameters). however, to manager the two redundant PDU Sessions in paired, NG-RAN should know the association of the pair of redundant PDU sessions.
Proposal 2: RSN is not needed if two redundant PDU Sessions are managed in paired, The MN side and the SN side have the duplicated PDU session  (i.e., the same QoS flow number and QoS flow parameters), it doesn't matter which PDU session is established at SN or MN.

Proposal 3:  To manager the two redundant PDU Sessions in paired by NG-RAN, 5GC should indicate the association of the pair of redundant PDU sessions to NG-RAN.
RSN limits RAN network implementation 
In solution#1, the 3GPP network should provide two independent user plane paths based on DC, the first PDU Session spans from the UE via MN node to UPF1, and the second PDU Session spans from the UE via SN node to UPF2. it is obvious that the main purpose for solution#1 is only to set up  independent user plane paths for a pair of redundant PDU sessions. 

For MR-DC case, to provide independent user plane path, RAN network only need to set up one PDU session of the pair in MN using the MCG terminated bearers with MCG resources, and to set up the other PDU sessions of the pair in SN using the SCG terminated bearers with SCG resources. It doesn't make sense to restrict a PDU SESSION of the pair to be in MN or SN.

Observation 1: For MR-DC case, It doesn't make sense to restrict a PDU SESSION of the pair to be in MN or SN.
In[3], we discuss how to apply solution#1 for CU-DU split deployment.  The RAN network can provide two independent user plane paths under CP/UP split deployment, the pair of redundant PDU Sessions spans from the UE via  different DU nodes and CU-UP nodes. 

Observation 2: For CU-CP/CU-UP case, the MR-DC limitation of two independent user plane paths should be removed.
Currently, more than two NG-RAN nodes are supported at NG interface and Xn interface for future proof, which shall also be considered for URLLC service. So that, it is better for NG-RAN to decide which NG-RAN node to establish the redundant PDU Session.

Observation 3:  Considering more than two NG-RAN nodes are supported at NG interface and Xn interface for future proof, There should be no restriction for NG-RAN  to decide which NG-RAN node to establish the redundant PDU Session.

Based on the above observations, to set up independent user plane paths of two redundant PDU sessions, RAN network only need to know the association of the pair of redundant sessions. Current RSN indicator is not sufficient and limits RAN3 implementation (e.g., more than 2 NG-RAN nodes deployment, CU-CP/CU-UP/CU-DU deployment) for redundant PDU Session establishment. It is better to use pair information (e.g., Associated Redundant PDU Session ID) instead of RSN indicator, then NG-RAN can decide to configure the two paired redundant PDU Sessions on e.g., different NG-RAN nodes or different CU-CP/CU-UP/CU-DU.
Proposal 4:  It is proposed to use pair information (e.g., Associated Redundant PDU Session ID) instead of RSN indicator, then NG-RAN can decide to configure the two paired redundant PDU Sessions on e.g., different NG-RAN nodes or different CU-CP/CU-UP/CU-DU, and manager redundant PDU sessions in paired.
RAN impact

The management of  two redundant PDU sessions has been discussed in section 2.1, from our view,  it is more reasonable two redundant PDU sessions should be managed  in paired (e.g., established/released simultaneously) to guarantee the QOS of URLLC services.
If the two redundant PDU sessions should be managed  in paired, The following three alternatives of redundant PDU session management can be considered. Other alternatives are not precluded.
Alternative 1: One setup establishment:
Alt1 has been proposed in [1]. In this method, instead of setting the two PDU sessions in MN first, and setup DC later specified in TS23.501, AMF could setup the two PDU sessions at the same time after the UPF selection. This method will affect the implementation of the core network. The signalling flow of solution#1 described in  TR 23.725 TS23.501 need to be modified accordingly, and the pair of two redundant PDU sessions need to be included in the PDU session Resource Setup Request List.
Alternative 2: Two-step establishment with prejudgment.
In this method, as described in TR 23.725, UE initiates two redundant PDU session via two separate PDU SESSION RESOURCE SETUP REQUEST message.  After receives first PDU session setup request, the NG-RAN node can prejudge whether it is possible to provide a independent user plane paths for the next incoming redundant PDU session (related to coverage, network deployment, cell/node load and radio link quality etc). If the independent user plane paths for the pair of redundant PDU sessions are not available, the NG-RAN node shall directly reject the the first PDU session setup request with an appropriate cause value, otherwise, the NG-RAN node can set up first PDU session resource.
This method will not affect the current implementation of the core network. The signalling flow of solution#1 described in  TR 23.725 TS23.501 do not need to be modified. But in this method, it is assumed that the two paired redundant PDU Sessions have the same PDU Session parameters (i.e., the same QoS flow number and QoS flow parameters). 
Alternative 3: Two-step establishment with suspending.
In this method, as described in TR 23.725, UE initiates two redundant PDU session via two separate PDU SESSION RESOURCE SETUP REQUEST message.  After receives first PDU session setup request, NG-RAN node will suspend the PDU session setup request and wait the next redundant PDU session setup request. The NG-RAN NODE starts to set up PDU session resource only after the NG-RAN node receives two PDU SESSION setup requests.  If NG-RAN can not set up the independent user plane paths for the pair of redundant PDU sessions,  it reject the two redundant session setup request with an appropriate cause value.
This method will affect the implementation of the core network. 5GC needs to know that the first PDU SESSION setup request will be suspended, otherwise 5GC may consider it as the setup failed or timed out.

From our point of view, Alternative 2  has the minor impact on the current procedure. The signalling flow of solution#1 described in  TR 23.725 TS23.501 do not need to be modified.

Proposal 5:  RAN3 is kindly asked to discuss alternatives of redundant PDU session management in paired.
Even though there may be different alternatives for redundant PDU session management in paired , and different methods may have differences in the signaling flow of PDU session establishment and release procedure, the effects of these alternatives on the NG interface and the XN interface are similar.  In TS23.501, there is word “The RSN indication is transferred from Source RAN to Target RAN in case of handover”, so mobility also should be supported on NG and Xn interface.The impact on NGAP and XnAP is described as below: 

For NGAP :

 the pair information of redundant PDU session (e.g., Associated Redundant PDU Session ID) is introduced into  PDU SESSION RESOURCE SETUP REQUEST to indicated the association of a pair of redundant PDU session, then NG-RAN can decide to configure the two paired redundant PDU Sessions with  independent user plane paths.
To support NG based handover, AMF should indicates the pair information of redundant PDU session (e.g., Associated Redundant PDU Session ID) within HANDOVER REQUEST message.
For PDU session establishment failed, the cause of “The target NG-RAN node can not set up  independent user plane paths for a pair of redundant PDU sessions” can be provide in response message.
For XnAP :

 the pair information of redundant PDU session (e.g., Associated Redundant PDU Session ID) is introduced into   S-NODE ADDITION REQUEST message.

To support Xn based handover, The source node should indicates the pair information of redundant PDU session (e.g., Associated Redundant PDU Session ID) within HANDOVER REQUEST message to the  target node.

For PDU session establishment failed, the cause of “The target NG-RAN node can not set up  independent user plane paths for a pair of redundant PDU sessions” can be provide in response message.
Proposal 6:  the corresponding pCRs for TS38.413 and TS38.423 are provided in [4][5].
Proposal 7: From above discussion, An LS[6] is proposed to send to SA2 .
 Conclusions
Proposal 1: Two redundant PDU sessions should be managed  in paired (e.g.   established/released simultaneously) to guarantee the QOS of URLLC services. 

Proposal 2: RSN is not needed if two redundant PDU Sessions are managed in paired, The MN side and the SN side have the duplicated PDU session  (i.e., the same QoS flow number and QoS flow parameters), it doesn't matter which PDU session is established at SN or MN.

Proposal 3:  To manager the two redundant PDU Sessions in paired by NG-RAN, 5GC should indicate the association of the pair of redundant PDU sessions to NG-RAN.
Observation 1: For MR-DC case, It doesn't make sense to restrict a PDU SESSION of the pair to be in MN or SN.
Observation 2: For CU-CP/CU-UP case, the MR-DC limitation of two independent user plane paths should be removed.
Observation 3:  Considering more than two NG-RAN nodes are supported at NG interface and Xn interface for future proof, There should be no restriction for NG-RAN  to decide which NG-RAN node to establish the redundant PDU Session.

Proposal 4:  It is proposed to use pair information (e.g., Associated Redundant PDU Session ID) instead of RSN indicator, then NG-RAN can decide to configure the two paired redundant PDU Sessions on e.g., different NG-RAN nodes or different CU-CP/CU-UP/CU-DU, and manager redundant PDU sessions in paired.
Proposal 5:  RAN3 is kindly asked to discuss alternatives of redundant PDU session management in paired.

Proposal 6:  the corresponding pCRs for TS38.413 and TS38.423 are provided in [4][5].
Proposal 7: From above discussion, An LS[6] is proposed to send to SA2 .
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