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1	Information
In [1], the Work Item Support of NR Industrial Internet of Things (IoT) is approved and one of the objectives is:
1. The detailed objectives for NR PDCP duplication enhancements are:
· Specify PDCP duplication with up to 4 RLC entities configured by RRC in architectural combinations including CA only and NR-DC in combination with CA [RAN2, RAN3].
· Specify mechanisms relating to dynamic control of how a set or subset of configured RLC entities or legs are used for PDCP duplication [RAN2, RAN3].
· Specify enhancements for more resource efficient PDCP duplication by enhancing PDCP duplication activation/deactivation mechanisms (e.g. MAC CE based or based on UE configurable criteria), provided that complexity increase is reasonable. Per-packet selective duplication can also be considered. [RAN2].
· Specify enhancements for more efficient DL PDCP duplication without impacting the UE, provided that gains can be confirmed with a reasonable complexity. [RAN3].
· Specify enhancements to address potential impacts of higher-layer multi-connectivity based on SA2 progress and request [RAN2, RAN3].

In [2], for Key Issue 1, SA2 has concluded:
	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.



This paper is to discuss the solution #7, Replication framework in 3GPP System.
2	Discussion
2.1	The solution #1
In [2], the solution #1 for Key Issue 1 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.
The solution architecture is shown in below, refer to [2]:
	





This solution is based on the Dual Connectivity feature that is supported both by LTE and NR.
Observation 1: From RAN point of view, the solution uses two N3 tunnels over two NG-RAN nodes. This is in general already supported by the Rel 15 specification.

There are two solutions described for the UPF selection, static or dynamic, refer to [2]:
[image: ]
Observation 2: In the solution, during the UPF selection phase, it is NOT the Y-shaped N3 tunnels, rather it is two PDU Sessions (redundant data) being setup in the same NG-RAN node. Late one PDU session is moved to SN.

There are two procedures described depends on the static or dynamic UPF selection.
The procedure with static UPF Selection is described as in below, refer to [2]:
	

Figure 6.1.2-1: Procedure based on static approach
1.	PDU Session 1 is established according to TS 23.502 [3] clause 4.3.2.2. SMF1 determines based on the RSN provided by the UE, or based on the DNN or S-NSSAI and corresponding network configuration that the PDU Session is to be handled redundantly and this is the first PDU Session. SMF1 selects UPF1, where SMF1 may take into account in the selection that the current RAN node is MgNB and this is the first PDU session in the redundant handling. An indication is sent to RAN that this PDU Session is the first in the redundant handling that is requesting dual connectivity.
2.	Similarly, PDU Session 2 is established according to TS 23.502 [3] clause 4.3.2.2. SMF2 determines based on the RSN provided by the UE, or based on the DNN or S-NSSAI and corresponding network configuration that the PDU Session is to be handled redundantly and this is the second PDU session. SMF2 selects UPF2, where SMF2 may take into account in the selection that the current RAN node is MgNB and this is the second PDU session in the redundant handling. An indication is sent to RAN that this PDU Session is the second in the redundant handling that is requesting dual connectivity.
	After step 2, the user plane of both PDU sessions still go via MgNB.
3.	If feasible based on RAN conditions as evaluated by the MgNB, dual connectivity is established in RAN according to TS 37.340 [7], clause 10.2.2. RAN should observe the requests sent in steps 1 and 2 and set up dual connectivity in such a way that the user plane of PDU Session 2 will be handled in SgNB as a SCG bearer, while the user plane of PDU Session 1 will be handled in the MgNB as a MCG bearer. As part of the dual connectivity setup, data forwarding can be started from MgNB to SgNB for the data of PDU Session 2.
	If dual connectivity is not possible to be set up in RAN as requested by the CN, then an appropriate indication is sent from RAN for both PDU Sessions via the AMF to the appropriate SMFs. The SMFs may decide whether to release the given PDU Sessions.
4.	The user plane path of PDU Session 2 is switched from MgNB to SgNB according to TS 23.502 [3] clause 4.9.1.2.2.
As a result, the user plane of PDU Session 1 and PDU Session 2 now take independent paths both in RAN and in the CN.



The procedure with dynamic UPF Selection is described as in below, refer to [2]:
	



Figure 6.1.2-2: Procedure based on dynamic approach
	Steps 1-3 are as described above for the static approach.
4.	Path switch is performed in combination with an anchor change for PDU Session 2, which is performed according to the Anchor change for Ethernet PDU Sessions solution described in clause 6.11.




In the above procedures, we see that the procedures contain the below steps which impacts RAN:
1. the 2 PDU sessions are setup towards MN first;
2. the DC is setup after the UPF selection is finalized;
3. path switch is introduced to finally move the data path to the right UPF
2.2	The RAN3 impact analysis
The current Rel 15 specification can handle:
1. Two PDU sessions (regardless if the PDU Session contains the same data) can be setup directly in DC fashion, i.e. PDU session 1 is set in MN, and PDU Session 2 is set in SN;
2. AMF could collect the setup information from different SMFs and send to RAN in one PDU SESSION RESOURCE SETUP REQUEST
We question the need to setup two PDU Sessions at the same NG-RAN node (MN) first, and later move one of the PDU session to SN when DC is set up. It is possible to during setup phase, indicate to RAN that the redundant PDU session is to be setup in SN, to further reduce latency.
In either static or dynamic UPF selection, we would like to assume that the SFMs has made the selection when the redundancy decision is made.
Proposal 1:   RAN3 to discuss to enhance the solution by setting the two PDU sessions with redundant data at the same time, even if there are different SMFs and UPFs involved. 
In the case of static UPF selection, there is thus no need to do a further path switch, if the PDU session is setup towards the right UPF.
Proposal 2: RAN3 to discuss the need to have path switch in the static UPF selection.
In the case of dynamic UPF selection, how would the path switch work, when the anchor UPF is changed from UPF2A to UPF2B by SMF?
The correct step should be that the SMF2 needs to perform a PDU Session modification towards MN, and then MN to perform the PDU session modification towards SN; 
[bookmark: _Hlk4517558]Proposal 3: RAN3 to discuss in the dynamic UPF selection, it is PDU Session modification procedure, not the path switch procedure to be performed.
[bookmark: _Hlk4691318]An indication is needed from CN to inform NG-RAN node that the PDU sessions are related and needs to be set up in MN and SN with redundant radio and transport resources, e.g. one as MN terminated bearer with MCG resources, and another as SN terminated bearer with SCG resources. For this exampled approach, the MN should inform SN that the PDU session is to be setup with SCG resources only.
Proposal 4: RAN3 to agree to introduce an indication in NGAP so NG-RAN node understands the two PDU sessions are related, to use the redundant radio and transport resources
Proposal 5: RAN3 to agree to introduce an indication in XnAP that the PDU session is to be setup as SN terminated bearer with SCG resources only.
Proposal 6: RAN3 to agree to send the feedback to SA2 about the understanding of the solution.
3	Proposal
Observation 1: From RAN point of view, the solution uses two N3 tunnels over two NG-RAN nodes. This is in general already supported by the Rel 15 specification.
Observation 2: In the solution, during the UPF selection phase, it is NOT the Y-shaped N3 tunnels, rather it is two PDU Sessions (redundant data) being setup in the same NG-RAN node. Late one PDU session is moved to SN.
Proposal 1:   RAN3 to discuss to enhance the solution by setting the two PDU sessions with redundant data at the same time, even if there are different SMFs and UPFs involved. 
Proposal 2: RAN3 to discuss the need to have path switch in the static UPF selection.
Proposal 3: RAN3 to discuss in the dynamic UPF selection, it is PDU Session modification procedure, not the path switch procedure to be performed.
Proposal 4: RAN3 to agree to introduce an indication in NGAP so NG-RAN node understands the two PDU sessions are related, to use the redundant radio and transport resources
Proposal 5: RAN3 to agree to introduce an indication in XnAP that the PDU session is to be setup as SN terminated bearer with SCG resources only.
Proposal 6: RAN3 to agree to send the feedback to SA2 about the understanding of the solution.
CRs in [3] and [4] are submitted for the implementation of the solution. Draft LS in [5].
4	Reference
[1]	RP-190276	New WID: Support of NR Industrial Internet of Things (IoT)
[2]	TS 23.725	Study on enhancement of Ultra-Reliable Low-Latency Communication (URLLC) support in the 5G Core network
[3]	R3-191758	Solution #1 of Key Issue 1: Redundant user plane paths based on dual connectivity, Ericsson
[4]	R3-191759	Solution #1 of Key Issue 1: Redundant user plane paths based on dual connectivity, Ericsson
[bookmark: _GoBack][5]	R3-191757	[Draft] LS on Solution #1 of Key Issue 1: Redundant user plane paths based on dual connectivity, Ericsson


image3.emf
 

S gNB   AMF  

M gNB   UE   UPF1  

SMF 2  

UPF2  

SMF1  

3 : Establish  DC in RAN  

User data  

2 : Establish PDU Session  2  

Select UPF2  

User data  

SN Addition Request  

1: Establish PDU Ses sion 1  

SN Addition Request   Ack  

RRC Reconfig/RA  

DL data forwarding  

UL data  

4: Path switch for PDU Session 2  

User data  

Select UPF1  


oleObject2.bin


Select UPF1







SN Addition Request Ack







User data







4: Path switch for PDU Session 2







RRC Reconfig/RA







3: Establish DC in RAN







UL data







DL data forwarding







1: Establish PDU Session 1







SN Addition Request







User data







Select UPF2







2: Establish PDU Session 2







User data







SgNB







UPF1







UPF2







SMF2







SMF1







AMF







MgNB







UE












image4.emf
 

S gNB  

AMF  

M gNB   UE   UPF1  

SMF 2  

UPF2 A  

SMF1  

3 : Establish  DC in RAN  

User data  

2 : Establish PDU Session  2  

Select UPF2  

User data  

SN Addition Request  

1: Establish PDU Session 1  

SN Addition Request   Ack  

RRC Reconfig/RA  

DL data forwarding  

UL data  

4: Path switch  with anchor change  for PDU Session 2  

User data  

Select UPF1  

UPF2B  

5: Select UPF2B  


oleObject3.bin


4: Path switch with anchor change for PDU Session 2







UPF1







5: Select UPF2B







Select UPF1







SMF1







UPF2B







UPF2A







AMF







User data







UL data







DL data forwarding







RRC Reconfig/RA







SN Addition Request Ack







SN Addition Request







SgNB







3: Establish DC in RAN







1: Establish PDU Session 1







User data







Select UPF2







2: Establish PDU Session 2







User data







SMF2







MgNB







UE












image1.emf
UE

MgNB

SgNB UPF2

AMF SMF1

SMF2

DN

UPF1

N2

N3

N3

Namf

Nsmf

N6

N6

N4

N4

Xn

Nsmf

 


oleObject1.bin
[image: image1.emf]UE


MgNB


SgNB UPF2


AMF SMF1 SMF2


DN


UPF1


N2


N3


N3


Namf


Nsmf


N6


N6


N4


N4


Xn


Nsmf





image2.png
Before
DC setup

After DC setup
PDU Session 2

Static UPF selection

DC setup

After DC setup

PDU Session 2

Dynamic UPF Selection

Update ETH fon

\_/




