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[bookmark: _GoBack]Abstract: This document contains athe coverage and battery efficiency enhancements for delay tolerant data use case for TR.22.866 within FS_REFEC.

5.X Coverage and battery efficiency enhancements for delay tolerant data use case
5.X.1 Description
IoT-related usecases pose unique challenges to the 5G system especially when the deployments expand to   areas where the cellular (5G) coverage is limited. At the same time, there is an expectation that large deployments can rely on delay-tolerance of some IoT communications to realize power savings both at the sensors and at all the communication devices. Delay-tolerant data in IoT allows for the periodic or semi-periodic intervals at which data is collected to be only loosely-coupled to the Core Network reporting intervals when the data is transmitted over multiple hops. This in turn allows for battery consumption optimizations for the cases in which the data collection intervals cannot be well synchronized. In the shipping container use case in clause 5.2 data is collected from sensors on the tracked product and within the containers by battery powered IoT UEs. This data is used for individual product and container tracking.  The battery powered IoT UE in each container is capable of relaying data from other containers in order to address the coverage challenges detailed in clause 5.2.
In addition to shipping, the maritime transportation company offers data collection services for oceanographic studies from sensors installed on the ship. Without the metal containers, the environmental sensors can communicate with the gateway which includes a 5G communication module communicating to terrestrial and satellite access networks. When the metal containers are on the ship, the relaying capabilities of the container UEs are used for the environmental sensor data in addition to the container tracking data. 
All data collected is delay tolerant and can be forwarded at appropriate times to optimize a UE’s battery consumption. The relay UEs consider the delay tolerance of data to determine when bundling of the data transmissions towards the network can be employed for power saving purposes. While in some deployments this bundling of transmissions is achieved at application layer, in this deployment this is impractical as it requires explicit application-layer configuration of a relaying application. As an alternative to scheduling the bundling of the transmissions at the application level, being able to turn on/off bundling of transmissions enables IoT deployments to offer relaying services more dynamically and to a broader customer base.  

5.X2 Pre-conditions 
Container-dedicated UEs are battery-powered, are capable of relaying the data from external sensors and may also have built-in sensors. The data to be relayed is delay tolerant and reported at various periodic intervals. The system supports connections for delay tolerant data with E2E latency of up to several days.


5.X.3 Service Flows
Figure 5.X.3-1 illustrates container-dedicated relay UEs that transmit data received from various sensors, other relays or collected by their own sensors.



Figure 5.X.3-1: Shipping Container use case for delay tolerant data
Data from the sensors within each container is collected by the container-dedicated relay UEs and relayed to an upstream relay UE within the relay chains (depicted by red dashed lines). These relay chains are also used to transmit data collected by sensors embedded on the relay UE themselves.
In addition, data from oceanographic sensors installed on the ship is also relayed via relay chains (depicted by green lines) via the same container-dedicated relay UEs. 
Relay-to-network UEs transmit data which is generated or received at various periodic interval sets (e.g. every two to three hours), for different purposes (tracking, oceanographic studies). The figure also depicts data along the relay chain path for each of these purposes. The relay UEs consider the delay-tolerance of the data to determine relaying intervals (e.g. once a day during maritime transportation, twice a day during land transportation) so that bundling or aggregating the data reduces overall transmit time and power. 
The timing of the normal data transmissions is managed such that the transmissions are bundled or aggregated at the relay-to-network UE level, are eventually received is transmitted by the Gateway and re-transmitted over satellite or terrestrial access networks to different application servers.

5.X.3 Potential New Functional Requirements
[bookmark: _Hlk16079296]The 5G System shall support delay tolerant communications, where multiple data transmissions may be aggregated within the delay tolerance specified for the connection for power saving purposes.
The 5G system shall support UE-to-network relay UEs to aggregate transmission of delay tolerant data to/from remote UEs,  and otherbetween UE-to-network UEs and between UE-to-network relay UEs and the network, e.g. when the UE-to-network relay UEs cannot reach or are not reachable by the network for long periods of time 
The 5G system shall support UE-to-network relay UE communications transmission timing optimizations within the required delay tolerance.
The 5G system shall support a mechanism to enable/disable aggregation of delay tolerant data transmissions at intermediate UE-to-network relay UEs.
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