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1
Introduction
D2D communication is a part of LTE Device to Device Proximity Services SI [1]. This contribution discusses implications of ProSe scenarios and requirements for D2D communication, focusing on design principles, challenges and radio aspects of LTE in supporting D2D communication for ProSe. 
2
ProSe scenarios and requirements for D2D communication
ProSe scenarios and requirements are captured and stated in [2] and [3]. There are general and Public Safety (PS) specific requirements for ProSe. 

Observation 1: ProSe D2D communication is primarily driven by PS requirements.
Basically, the following types of D2D communication need to be supported for ProSe in E-UTRA:

· Unicast D2D communication;
· Broadcast D2D communication;
· Groupcast D2D communication;
· UE-to-Network or UE-to-UE Relay D2D communication.
There can be many kinds of network topologies for D2D communications, ranging from a single link to a generic mesh network. It may be impractical to consider all but several simple D2D network topologies to support for ProSe. For examples, single-link D2D or star-topology D2D with maximum 2 hops between any 2 devices (where inbetween device can be either UE or eNB) thereof, as illustrated in Figure 1, may be preferable.
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Figure 1: Illustration of network topologies for ProSe D2D communication.

Proposal 1: RAN2 may consider only single-link and star network topologies for possible supports of ProSe D2D communications, at least for possible first release.
Then, supports of D2D communication in E-UTRA need to be considered for the following scenarios:
· In network coverage;
· Out of network coverage;
· In partial network coverage, e.g., at least one of UE devices involved in D2D communication is in network coverage and one is out of network coverage
Observation 2: Both network-controlled/assisted D2D communication and autonomous D2D communication need to be supported. That (of facilitating solution) used for autonomous D2D communication may also work for network-controlled/assisted D2D communication but not other way around, however.
In network controlled/assisted D2D communication, the network controls the establishment of ProSe D2D communication path and the switching between a ProSe communication path and EPC path without negative impact on the required QoS thereof. UE served by the network can have concurrent EPC and ProSe Communication paths.
ProSe D2D communication path may use in-band resources of the serving E-UTRAN or out-band resources which do not interfere with the serving E-UTRAN. 
Observation 3: In case of network controlled/assisted D2D communication there are cases in which the network may not need or not be able to have tight control, i.e. per each transmission on subframe basis, on the use of resources used for D2D communication, for example when D2D communication uses out-band resources which do not interfere with the serving E-UTRAN.
3
Design principles, challenges and radio aspects in supporting D2D communication for ProSe
In this section, issues relevant to RAN2 are discussed.

3.1
Design principles
It is desirable to have unified solutions in providing ProSe supports for both commercial and PS usages. Based on Observations 1 and 2 above, the following approach is proposed:

Proposal 2: RAN2 may consider facilitating autonomous D2D communication in E-UTRA and see how that should work in a more efficient manner under control of E-UTRAN, as for network controlled/assisted D2D communication, and not other way around.
“The impact of ProSe Discovery and ProSe Communication on E-UTRA radio usage, network usage and battery consumption should be minimized,” as stated in [3]. Based on this requirement coupled with the above observations, the following proposal is made:
Proposal 3: The network control for ProSe D2D communication should be kept at minimum, without loss of control over E-UTRAN resources and spectral efficiency.
It is noted that having tight control per each D2D transmission on subframe basis on the one hand allows for maximizing control over E-UTRAN resources and spectral efficiency but on the other hand increases complexity and control overhead. This is not to mention that such the tight control is not possible or unnecessary in some cases, as noted in Observation 3. Furthermore, the following is observed:
Observation 4: The network can choose to serve UEs with regular EPC paths instead of D2D communication paths whenever available to maximize control over E-UTRAN resources and spectral efficiency.
3.2
Challenges and radio aspects
This section addresses challenges and radio aspects, focusing control issues in both C-plane and U-plane, in supporting ProSe D2D communication for RAN2 discussions.
3.2.1
C-plane considerations
Based on Observation 2 and Proposal 2, let us start with C-plane considerations for facilitating autonomous D2D communication in E-UTRA. It is obvious that, apart from functionality used for D2D discovery, more functionality is needed for at least establishment and management of D2D connection. Then, controlling operation or operating role of individual UEs involved in autonomous D2D communication (e.g., master or slave, cluster head or cluster member), security and resource allocation as well as QoS thereof are important for E-UTRA.

Even for network controlled/assisted D2D communication, the more self-configurable or self-controllable ProSe UE in D2D communication the less frequent control or assistance is needed from the network. In this regard, having some C-plane functionality over D2D connection is beneficial for network controlled/assisted D2D communication as well, e.g., in reducing network control overhead and complexity.
Observation 5: C-plane over D2D connection is needed at least for autonomous D2D communication in E-UTRA. It may be beneficial to have some C-plane functionality over D2D connection for network controlled/assisted D2D communication as well.

The question now is what kind of protocol stack should be used to implement such C-plane over D2D connection. One sensible option is to utilize E-UTRAN protocol stack as much as possible or, that is, to have some RRC for C-plane over D2D connection. This is due to: (i) maximized reuse and therefore reduced standardization and implementation efforts; (ii) unifying radio protocol stacks for E-UTRA and therefore enhancing interworking.
Proposal 4: RAN2 may consider utilizing E-UTRAN protocol stack for D2D connection in C-plane.
Focusing on network controlled/assisted D2D communication, the following issues need to be considered by RAN2 for D2D communication in E-UTRA:

· Controlling the mode switching back and forth between D2D communication path and EPC path with necessary end-to-end (E2E) data synchronization to ensure lossless service continuity: this includes D2D connection establishment and management;
· Resource allocation and control, including maximum transmit power setting on D2D connection;
· E-UTRAN D2D connection identity, UE state and role;
· D2D radio link and connection monitoring;
· QoS control;
· Supports for charging and security including Lawful Interception;
· Supports for mobility including D2D group mobility.
3.2.2
U-plane considerations
E-UTRAN protocol stack for U-plane is specified for radio link layer and not optimized for direct end-to-end (E2E) communication that is applied in most cases of ProSe D2D communication. RAN2 may consider utilizing E-UTRAN protocol stack for ProSe D2D communication for the same reasons mentioned in the previous section: (i) maximized reuse and therefore reduced standardization and implementation efforts; (ii) unifying radio protocol stacks for E-UTRA and therefore enhancing interworking.

However, as E2E connection in direct D2D communication consists of just a single radio link, cross-layer optimization all the way from the application layer to the physical layer for D2D communication (e.g., joint channel-aware and application-aware adaptation across all the layers of protocol stack on the direct D2D connection) may be practical and desirable. This is in line with design principles discussed in Section 3.1.
Proposal 5: RAN2 may consider optimized U-plane for ProSe D2D communication with minimized network control regardless whether E-UTRAN layer 2 protocol stack is utilized or not.
4
Conclusion
This contribution has discussed implications of ProSe requirements for D2D communication on design principles, challenges and radio aspects in facilitating and supporting ProSe D2D communication in UTRA. In particular, the following observations and proposals are made for RAN2 discussion and decision.
Observation 1: ProSe D2D communication is primarily driven by PS requirements.

Observation 2: Both network-controlled/assisted D2D communication and autonomous D2D communication need to be supported. That (of facilitating solution) used for autonomous D2D communication may also work for network-controlled/assisted D2D communication but not other way around, however.
Observation 3: In case of network controlled/assisted D2D communication there are cases in which the network may not need or not be able to have tight control, i.e. per each transmission on subframe basis, on the use of resources used for D2D communication, for example when D2D communication uses out-band resources which do not interfere with the serving E-UTRAN.

Observation 4: The network can choose to serve UEs with regular EPC paths instead of D2D communication paths whenever available to maximize control over E-UTRAN resources and spectral efficiency.

Observation 5: C-plane over D2D connection is needed at least for autonomous D2D communication in E-UTRA. It may be beneficial to have some C-plane functionality over D2D connection for network controlled/assisted D2D communication as well.

Proposal 1: RAN2 may consider only single-link and star network topologies for possible supports of ProSe D2D communications, at least for possible first release.
Proposal 2: RAN2 may consider facilitating autonomous D2D communication in E-UTRA and see how that should work in a more efficient manner under control of E-UTRAN, as for network controlled/assisted D2D communication, and not other way around.
Proposal 3: The network control for ProSe D2D communication should be kept at minimum, without loss of control over E-UTRAN resources and spectral efficiency.
Proposal 4: RAN2 may consider utilizing E-UTRAN protocol stack for D2D connection in C-plane.

Proposal 5: RAN2 may consider optimized U-plane for ProSe D2D communication with minimized network control regardless whether E-UTRAN layer 2 protocol stack is utilized or not.
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