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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In order to support high reliability, SA2 introduced multi-connectivity in upper layer. In this contribution, we will discuss two issues: 1) higher layer multi-connectivity solutions down-selection; 2) RAN impacts analysis of each selected solution.
Discussion
[bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: OLE_LINK3]Higher layer multi-connectivity solutions down-selection
According to [1], six solutions (solution #1, solution #2, solution #3, solution #4, solution #7 and solution #10) for redundant transmission are captured. After further comparison, SA2 made some down-selection and the conclusion is captured in section 8.1 of [1], as below:
	[bookmark: _Toc532995440]8.1	Key Issue #1: Supporting high reliability by redundant transmission in user plane
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.


[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Based on the above description, it appears that only solution #1, solution #4 and solution #7 are now supported in SA2. But according to TR38.825 [2], four solutions, corresponding to solution#1, solution #2, solution #3 and solution #4, are captured, which is no longer aligned with current SA2 status. Therefore we propose updating the TR38.825 accordingly.
Observation 1：It is observed that only solution #1, solution #4 and solution #7 were selected by SA2 as the solutions for higher layer redundant transmission, not the solution #2, and solution #3 which are currently captured in TR38.825.
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Proposal 1: Update the TR38.825 to align with latest SA2 agreements on down-selected solutions of higher layer redundant transmission.
RAN impact analysis
For solution#1, the RAN impacts are captured in [2] as:
	-	Attempt to establish and maintain dual connectivity when the need for redundant user planes are indicated for a pair of PDU Sessions
-	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.



Observation 2：For solution #1, current RAN mechanism already can support it, no further enhancement is needed.

For solution#4, the details replication mechanisms are in RAN3 scope, as explained below:
	For DL:
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.

For UL:
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.




Observation 3：For solution #4, the packet replication and elimination is performed by GTP-U protocol either in DL or in UL, no RAN2 impact, but it will impact RAN3.

For solution#7, the RAN impact is as below:
From [1]:
	-	Access to replicator functionality support. Replicator in the RAN has the capability to replicate packets over N3 and/or eliminate further replication of packets over Uu/N3.



For this solution, the packet replication mechanism over N3 should be the same as those envisioned for solution #4 (see above) and similarly are in RAN3 scope.  
 In addition, it also mentions that:
	The replicator informs the lower-layers (e.g. SDAP at the gNB/UE) of the detected redundant packets. As an option, it can also manipulate the incoming data, e.g. merging two packets into a single packet but mapping it and indicating the higher reliability needs for the packet. It should also ensure that the packets requiring higher reliability are transported via disjoint transport layer paths according to network configuration (i.e. different IP address configurations)


If upper layer informs the lower layers to provide higher reliability for certain packet, the corresponding actions in RAN are listed below:
For DL：
How to improve the reliability depends on gNB implementation, no specification effort.
For UL:
The gNB can configure PDCP duplication for the corresponding logical channel. It is already supported in Rel-15 NR.
Based on the above analysis, current RAN mechanism already can support this function. No additional enhancement is needed.
Observation 4：For solution #7, the packet replication and elimination over N3 is also performed by GTP-U protocol either in DL or in UL, but it will impact RAN3. In addition, as an option, gNB may activate PDCP duplication based on the upper layer indication.

Based on the above observations, it is proposed that:
[bookmark: _GoBack]Proposal 2: Update the TR38.825 to capture the RAN impacts of each down-selected solution of higher layer redundant transmission.
Conclusion
According to the analysis in section 2, it is proposed:
Proposal 1: Update the TR38.825 to align with latest SA2 agreements on down-selected solutions of higher layer redundant transmission.
Proposal 2: Update the TR38.825 to capture the RAN impacts of each down-selected solution of higher layer redundant transmission.
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Annex
---------------------Text Proposal -----------------
[bookmark: _Toc528239037][bookmark: _Toc528838237]4.3.2.1   Redundant user plane paths based on dual connectivity
[bookmark: _Toc528239038][bookmark: _Toc528838238]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].
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. 



Figure 4.3.2.1.1-1: Overview of redundant user plane paths based on dual connectivity approach
[bookmark: _Toc528239039][bookmark: _Toc528838239]4.3.2.1.2	Impacts on RAN
-	Attempt to establish and maintain dual connectivity when the need for redundant user planes are indicated for a pair of PDU Sessions
-	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.
[bookmark: _Toc528239040][bookmark: _Toc528838240]4.3.2.2	Multiple UEs per device for user plane 
[bookmark: _Toc528239041][bookmark: _Toc528838241]4.3.2.2.1	Overview
This is the solution “Multiple UEs per device for user plane” for Key Issue 1 captured in TR 23.725[4].
The solution will enable a terminal device to set up multiple redundant PDU Sessions over the 5G network, so that the network will attempt to make the paths of the multiple redundant PDU sessions independent whenever that is possible. 


Figure 4.3.2.2.1-1: Overview of multiple UEs per device for user plane approach

[bookmark: _Toc528239042][bookmark: _Toc528838242]4.3.2.2.2	Impacts on RAN
-	O&M configuration of the RAN RGs on a per cell level.
-	Prioritization of the handover of the UE to a cell whose RAN RG coincides with the UE RG, when such a suitable target cell is available.
[bookmark: _Toc528239043][bookmark: _Toc528838243]4.3.2.3  Supporting redundant data transmission via single UPF and two RAN nodes
[bookmark: _Toc528239044][bookmark: _Toc528838244]4.3.2.3.1	Overview
This is the solution of “supporting redundant data transmission via single UPF and two RAN nodes” for Key Issue 1 captured in TR 23.725[4].
This solution realizes the reliability of user plane between UPF and UE while the QoS flow redundant transmission in the PDU session is decided by SMF.


[bookmark: _Hlk528832544]Figure 4.3.2.3.1-1: Overview of redundant data transmission via single UPF and two RAN nodes approach
[bookmark: _Toc528239046][bookmark: _Toc528838245]4.3.2.3.2	Impacts on RAN
-	The RAN node shall support redundant transmission via DC architecture with two N3 tunnels.
-	In case protocol stack option 1 in TS 23.725[4] is adopted, RAN need to ensure there is only one QoS Flow per DRB. 
[bookmark: _Toc528239047][bookmark: _Toc528838246][bookmark: _Hlk527026303]4.3.2.42	Supporting redundant data transmission via single UPF and single RAN node
[bookmark: _Toc528239048][bookmark: _Toc528838247]4.3.2.42.1	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].
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.


Figure 4.3.2.24.1-1: Overview of redundant data transmission via single UPF and single RAN node approach
[bookmark: _Toc528239049][bookmark: _Toc528838248]4.3.2.24.2	Impacts on 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. 
4.3.2.3	Replication framework in 3GPP System
4.3.2.3.1	Overview
This is the solution of “replication framework in 3GPP system” for Key Issue 1 captured in TR 23.725[4].
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.
This solution introduces a replicator that allows the 3GPP system to be aware 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.


Figure 4.3.2.3.1-1: Overview of redundant data transmission via single UPF and single RAN node approach
4.3.2.3.2	Impacts on RAN
-	Access to replicator functionality support. Replicator in the RAN has the capability to replicate packets over N3 and/or eliminate further replication of packets over N3.
-    UPF provides an indication (e.g., in GTP-U header) to RAN, RAN can take potential actions, such as PDCP duplication, to improve the RAN reliability.
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