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Introduction

This contribution describes a Proximity Based Services use case where unidirectional D2D communication is preferred over no D2D and bi-directional D2D communication.
Discussion

In this use case, we discuss the benefits of a unidirectional D2D connection in deployment scenarios where the direct link (path) between subscribers achieves better throughput than the indirect path via the LTE WWAN in one traffic direction but not the other. This scenario occurs when one subscriber is significantly closer or suffers much less shadowing to the base station than the other.  
For example, in Figure 1, the D2D link between UE1 and UE2 (which is assumed to be reciprocal) achieves 10 Mbps. By comparison, the LTE WWAN path from UE2 to UE1 achieves only 4 Mbps, since the first hop, which suffers from low power and significant distance/shadowing, throttles the rate to the second hop. However, the LTE WWAN path from UE1 to UE2 achieves 24 Mbps, since the first hop has little distance/shadowing and the second hop has high power, which overcomes the significant distance/shadowing. Thus, for traffic travelling from UE2 to UE1 the 10 Mbps D2D path is preferred, while for traffic travelling from UE1 to UE2 the 24 Mbps LTE WWAN path is preferred. 
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Figure 1.  Traffic travelling from UE2 to UE1 receives better throughput from the D2D path.  Traffic travelling from UE1 to UE2 receives better throughput from the LTE WWAN path.
Proposal

It is proposed to add the following to TR 22.xxx (FS_ProSe):
4.2
Use Case 1

This section describes a Proximity Based Services use case where unidirectional D2D communication is preferred over no D2D and bi-directional D2D communication.
4.2.1
Description
In this use case, two subscribers, Mary and Lisa are associated with the same LTE WWAN and have an existing data session, which is being carried over the LTE WWAN. When they end up in close proximity, the LTE WWAN detects it, informs Mary/Lisa that they may be within D2D range, and suggests a common discovery period.
Mary and Lisa engage in device discovery over an out-of-band Ad-Hoc D2D RAT (e.g. WiFi Direct), measure the D2D link quality, and report it to the LTE WWAN. The LTE WWAN determines the D2D link is preferred for the traffic flow from Lisa to Mary, but not the reverse. The LTE WWAN instructs Mary/Lisa to proceed with D2D connection establishment, after which the traffic flow from Lisa to Mary is offloaded to the D2D connection, while the reverse flow remains on the LTE WWAN.

Mary and/or Lisa periodically update the LTE WWAN on D2D link quality and transmission statistics.  When the D2D link degrades beyond the LTE WWAN path for the flow from Lisa to Mary, the LTE WWAN instructs Mary/Lisa to close the D2D connection, and the flow is moved back to the LTE WWAN.
4.2.2
Pre-conditions
· Mary and Lisa are subscribers of LTE services deployed by an MNO and are associated with LTE base stations.

· Direct communication is available out-of-band either via an unlicensed (e.g. WiFi Direct, Bluetooth, etc.) or licensed band Ad-Hoc D2D RAT.

· Mary and Lisa carry multi-RAT devices enabled with LTE and at least one out-of-band Ad-Hoc D2D RAT (e.g. WiFi Direct, Bluetooth, etc.).

· Mary and Lisa’s devices are provisioned with operator policies that facilitate D2D communication over alternative RATs to LTE.

· Mary and Lisa and/or the LTE WWAN are able to detect and report proximity.

· Mary and Lisa and/or the LTE WWAN are able to measure and report LTE and D2D link qualities.

· Mary and Lisa have an existing session and are exchanging session data via the LTE WWAN.
· Traffic flows for a session can be carried via different paths.
4.2.3
Service Flows
· LTE WWAN detects and informs Mary (resp. Lisa) that Lisa (resp. Mary) may be nearby.
· LTE WWAN provides Mary and Lisa with a common device discovery period.

· Mary and Lisa discover each other over out-of-band D2D RAT, measure D2D link quality, and report it to the LTE WWAN.

· LTE WWAN determines benefit of a direct connection for traffic flow from Lisa to Mary and instructs Mary/Lisa to proceed with D2D connection establishment.
· Mary and Lisa establish a D2D connection.

· Traffic flow from Lisa to Mary is offloaded to the D2D connection; traffic flow from Mary to Lisa continues over the LTE WWAN.
· Mary and Lisa periodically report D2D link quality and/or transmission statistics to LTE WWAN.
· LTE WWAN determines D2D link is no longer preferred, moves the flow from Lisa to Mary back to the LTE WWAN, and instructs Mary/Lisa to close the D2D connection.
· Mary and Lisa close the D2D connection.
4.2.4
Post-conditions
· Same as pre-conditions.
4.2.5
Requirements
· LTE WWAN shall be able to determine potential proximity of subscribers

· LTE WWAN shall be able to provide subscribers with information to expedite device discovery; subscribers shall be able to accept or reject it.
· Subscribers shall be able to determine whether they are in D2D communication range over an out-of-band D2D RAT (e.g. WiFi Direct), communicate this to the LTE WWAN, and establish a direct mode of communication as directed by the LTE WWAN.

· LTE WWAN shall be able to instruct subscribers when to establish/close a D2D connection, confirm existence of D2D connection, and move session flows between the LTE WWAN and the D2D link.
· Subscribers shall be able to monitor and report D2D link quality and transmission statistics.
· Traffic flows belonging to the same data session should be able to use different paths/connections.
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