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1
Introduction

One of the objectives of the study on NR Industrial Internet of Things is:

· Potential impacts of higher layer multi-connectivity as studied by SA2.
In SA2, redundant transmission in user plane is discussed as a solution for higher layer multi-connectivity. Key issue 1 in TR 23.725 is for high reliability by redundant transmission in user plane. SA2 has decided the solution 1 and solution 4 and solution 7 are to be continued.
This paper discusses the coordination between redundant transmissions in the solution 1 for resource efficiency, and the impact from the viewpoint of RAN3.
2
Discussion

SA2 has agreed Solution 1 of Key Issue 1 in TR 23.725 will be continued at their normative stage. The description for the solution is as following:
2.1

Solution #1 for Key Issue #1: Redundant user plane paths based on dual connectivity
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.
A single UE has user plane connectivity with both a Master gNB (MgNB) and a Secondary gNB (SgNB). The RAN control plane and N1 are handled via the MgNB. The MgNB controls the selection of SgNB and the setup of the dual connectivity feature via the Xn interface. The UE sets up two PDU Sessions, one via MgNB to UPF1 acting as the PDU Session anchor, and another one via SgNB to UPF2 acting as the PDU session anchor. UPF1 and UPF2 connect to the same Data Network (DN)
SMF(s) are aware of redundant sessions based on a new indication, Redundancy Sequence Number (RSN) provided by the UE in the PDU Session Establishment Request message. The presence of the RSN indicates redundant handling, and the value of the RSN indicates whether the first or the second PDU session is being established.
In this solution, the redundant paths span the whole system including RAN, CN, and can possibly extend to Data Network beyond 3GPP scope

[image: image1.emf]UE

MgNB

SgNB UPF2

AMF SMF1

SMF2

DN

UPF1

N2

N3

N3

Namf

Nsmf

N6

N6

N4

N4

Xn

Nsmf

 


Figure 2.1-1: Solution architecture for Solution 1
According to Solution 1, two redundant PDU sessions are established for the UE, which means 2 independent paths are used to transmit same data. So the high reliability of user data is ensured through redundant transmission.
But it will result in a new issue. A copy of the user data is transmitted via PDU session 1 while another copy of same data is transmitted via PDU session 2 as well. If one of the copies is transmitted successfully and another one fails, it’s ok, but if both of the copies are transmitted successfully, it means some resources are wasted. According to Nokia’s paper, about 90% of the packets will be transmitted successfully. So we can say many resources are wasted if redundant transmission is adopted without any optimization.
There is similar issue in PDCP duplication. RAN3/RAN2 have the discussion about the support for Resource-Efficient PDCP Duplication. In RAN3#103, RAN3 has the agreements as following:

Packet duplication is regarded as an effective feature to meet the reliability requirements for URLLC services but at the cost of radio resources. Hence it is important to support efficient downlink packet duplication from a RAN architecture perspective. The current Rel-15 packet duplication functionality should be taken as the baseline. Optimizations to improve resource efficiency (e.g. Selective PDCP duplication upon transmission failure, PDCP discarding, Effective PDCP duplication) are discussed without full evaluation. Potential enhancements may be possible.
In current PDCP duplication functionality, NR UP protocol is used to optimize the issue if dual connectivity deployment. In NR UP protocol, some additional information is defined, such as Highest successfully delivered NR PDCP Sequence Number or DL discard NR PDCP PDU SN and etc. And the additional information is exchanged between the node hosting the NR PDCP entity and the corresponding node through GTP tunnels. Thus these 2 nodes can avoid sending a packet if the relevant duplicated packet has been sent in another node according to the additional information. So the resource efficiency is improved.
But it cannot work for the redundant transmissions we are talking about. In Solution 1, two redundant paths are independent, and there is no any GTP tunnel between MgNB and SgNB for the UE. So we need to find new methods to exchange the additional information between MgNB and SgNB.
Observation 1: The resources are wasted if redundant transmission is adopted without any optimization. The current optimization for PDCP duplication cannot work for the redundant transmission.
Proposal 1: It is proposed to consider the optimization to improve resource efficiency for redundant transmission.
Except redundant PDU sessions via different gNB, the redundant sessions for same UE can be established in split RAN as Figure 2.1-2.
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Figure 2.1-2: Solution architecture for new scenario
In the scenario a gNB consists of gNB-CU-CP, gNB-CU-UP, gNB-DU. A PDU session is established through a gNB-CU-CP, a gNB-CU-UP and a gNB-DU, another PDU session is established through same gNB-CU-CP, and different gNB-CU-UP and different gNB-DU. Obviously the same issue exists in the scenario as well.
Observation 2: The same issue exists in the scenario that redundant PDU sessions are established through same gNB-CU-CP and different gNB-CU-UPs and different gNB-DUs.
In order to improve the resource efficiency, the coordination is needed between these 2 sessions when redundant data is transmitted via the 2 different paths, e.g. between MgNB and SgNB, or gNB-CU-UP1/gNB-DU1 and gNB-CU-UP2/gNB-DU2.. Finally some redundant data could be transmitted via only one path to save resources if the high reliability of user data can be ensured.

Note: Only the optimization for downlink data is discussed in the paper.

The coordination should solve 3 issues: 

1. What information should be used for the coordination between 2 paths, e.g. what information should be exchanged between MgNB and SgNB or between gNB-CU-UP1 and gNB-CU-UP2 as assisted information?

2. What procedures should be used to carry the assisted information between MgNB and SgNB or between gNB-CU-UP1 and gNB-CU-UP2?

3. Which entities is decision maker to decide when only one path is enough and when 2 different paths should be recovered, according to the assisted information?
Observation 3: The coordination between MgNB and SgNB or or gNB-CU-UP1/gNB-DU1 and gNB-CU-UP2/gNB-DU2 is needed. 3 issues should be considered: 

1. What information should be used for the coordination between 2 paths, e.g. what information should be exchanged between MgNB and SgNB or between gNB-CU-UP1 and gNB-CU-UP2 as assisted information? 
2. What procedures should be used to carry the assisted information between MgNB and SgNB or between gNB-CU-UP1 and gNB-CU-UP2? 
3. Which entities is decision maker to decide when only one path is enough and when 2 different paths should be recovered, given the assisted information?
Proposal 2: It is proposed to take the issues in Observation 3 into account when RAN3 discuss the solution for the optimizations to improve resource efficiency for redundant transmission.
3
Conclusion:
In this paper, we provide our analysis on the coordination between redundant transmissions in the solution 1 for resource efficiency, and have the following observations and proposals:
Observation 1: The resources are wasted if redundant transmission is adopted without any optimization. The current optimization for PDCP duplication cannot work for the redundant transmission.
Proposal 1: It is proposed to consider the optimization to improve resource efficiency for redundant transmission.
Observation 2: The same issue exists in the scenario that redundant PDU sessions are established through same gNB-CU-CP and different gNB-CU-UPs and different gNB-DUs.
Observation 3: The coordination between MgNB and SgNB or or gNB-CU-UP1/gNB-DU1 and gNB-CU-UP2/gNB-DU2 is needed. 3 issues should be considered:

1. What information should be used for the coordination between 2 paths, e.g. what information should be exchanged between MgNB and SgNB or between gNB-CU-UP1 and gNB-CU-UP2 as assisted information? 


2. What procedures should be used to carry the assisted information between MgNB and SgNB or between gNB-CU-UP1 and gNB-CU-UP2? 


3. Which entities is decision maker to decide when only one path is enough and when 2 different paths should be recovered, given the assisted information?

Proposal 2: It is proposed to take the issues in Observation 3 into account when RAN3 discuss the solution for the optimizations to improve resource efficiency for redundant transmissions.
4
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