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Abstract: This document discusses changes to TS 22.261 on multi-path indirect network connection and traffic routing of relay UEs.
Introduction
Starting from Rel-12, 3GPP introduced the requirements to support of direct device connection and indirect device connection in TS 22.104, 22.185, 22.278, 22.261 and TS 22.115, etc.

In Rel-12, the requirements are restricted to the use of public safety scenarios. In Rel-15, requirements related to indirect network connection for wearable devices are introduced. Before Rel-17, the requirements of indirect network connection and direct device connection are restricted to one-hop only. In Rel-17, requirements of multi-hop indirect network connection are introduced for wearables, inHome, vertical and public safety scenarios to improve the energy efficiency and coverage.
More scenarios and new service requirements, such as smart ocean and stationary relay UE for eMBB, are considered in this discussion paper.
Discussion
· Example use case 1
The smart ocean is now developing gradually for the benefit of science and industry. Communication system plays an important role in the smart ocean. It could help to transmit data obtained from the ocean via the 5G network.

In the coastal area, the 5G network could help to monitor and manage the offshore sea farm with live video surveillance. Also, it could help with wind farm monitoring by transmitting the essential data to the control centre for analysis.

Underwater scientific observation is essential for scientific ecosystem monitoring for the coral and sea life. Marine thermometer, salometer and camera could be carried with the worker along with a UE. After collecting the information (e.g. video, temperature and salinity, etc.), the information needs to be analysed. The ship does not equip with the professional equipment that could analyse the data, so the information should be sent to the research institute in the city. Affected by the changeable maritime environment, the connection would be poor from underwater to the ground-based infrastructure on land.
The information collected from underwater could forward to the underwater UE. Underwater UE connects to two relay UEs on the ships nearby. Through those two relay UEs, the underwater UE connects to the base station on land.
Due to the unstable connection, the information from the underwater UE is sent toward those two relay UEs, to ensure that the information could be transferred to the base station and the research institute.
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Figure 1. Same traffic flow sent between remote UE and base station via multiple paths
Moreover, the relay UE could be on a ship that does not belong to the scientific crew. Multiple indirect connection paths are connected, some of which act as backup. Once the connection from the remote UE to the relay UE is lost, the traffic flow could switch to other connected paths.
Gap analysis:

There is requirement on different traffic flows of the same remote UE via different indirect network connection paths. Requirement on same traffic flow via different indirect network connection paths is not specified. Also, a general requirement is needed to clarify that 5G system could establish multiple indirect network connection paths between the remote UE and the gNB, even though there are not relaying same traffic flow or different traffic flows, with one path acting as a backup.
Two requirements are proposed and updated to Clause 6.9.2.1 of TS 22.261:

1. The 5G system shall support the relaying of traffic between a remote UE and a gNB using one or more relay UEs, e.g. via multi-hop multi-path relay UEs.
2. The 5G system shall support same traffic flow of a remote UE to be relayed via different indirect network connection paths.

· Example use case 2
Operators would like to deploy stationary relay UE for indoor coverage extension and would like to distinguish the stationary relay UEs from those relays without constant power supply and are mobile. If the network knows the mobility patterns of the relay UEs, it could help to assist the traffic routing for the remote UE to reduce frequent relay UE reselection.
Stationary UE has the feature of being stable and not moving, and UE with mobility could be moving arbitrary among a board area with unknown trajectory, while nomadic UE has the mobility pattern in between. The indirect network connection could be influenced by the mobility of relay UE. Therefore, it is beneficial if network could assist to optimise the paths. With the information of mobility patterns of the relay UE, the 5G system could advise to switch or to select the relay UE with less mobility to optimise the traffic routing of the remote UE and relay UE.
Operators would like to support network-assistance for traffic routing of the relay UEs. Network assistance on traffic routing is vital when incorporating multi-path and multi-hop relay UEs. Network could assist to establish backup connection path when the existing connection is unstable as stated in example use case 1 and assist deciding to transmit same or different traffic flows for the remote UE.
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Figure 2. stationary relay UE for indoor cellular coverage
Gap analysis:

There are requirements on relay UE selection criteria and supporting indirect network connection.
With the deployment of stationary relay UE, prioritization could be placed to those stationary relay UEs during relay UE selection. Hence, the mobility pattern should be one of the criteria of relay UE selection and the relay UE selection criteria should be updated to include mobility patterns. 
There is no requirement on network-assisted traffic routing and it should be added for multi-hop multi-path relay.
Update of requirements are proposed to Clause 6.9.2.1, 6.9.2.2 and 6.9.2.4 of TS 22.261:
1. The 5G system shall be able to support network-assistance for traffic routing between a remote UE and the gNB across different multi-path indirect network connections.
2. The 5G system should be able to support traffic routing overall optimization between a remote UE and the gNB based on the mobility patterns (e.g. stationary, nomadic, mobility, etc.) of the relay UEs.
3. The 3GPP system shall support selection and reselection of relay UEs based on a combination of different criteria e.g. 

…… 
-
the mobility pattern of the relay UE.
Proposal
This document proposes a Rel-19 mini-WID to add and update requirements to TS 22.261, in particular for the following aspects:

-
To add the requirements for same traffic flows via different indirect network connection paths,
-
To add the requirements for traffic routing based on relay UE’s mobility patterns,
-
To update the relay UE selection criteria.
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