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[bookmark: _Ref165266342]Introduction
A study item for Device to Device (D2D) Communication has been initiated by 3GPP RAN[1]. RAN2 is expected to design functionality related to discovery and resource allocation for D2D. RAN1 has started work on channel modelling for D2D. 
SA2 has completed their feasibility study on Proximity services [2]. The TR[2] includes numerous requirements for D2D which will need to be the basis for the D2D discussion in RAN2. This contribution considers various issues related to direct mode communication between devices.
Discussion
Device to device communication is a new mode of communication in which the data transmitted from one UE to another does not traverse various network elements. There are two communication paths defined in [2] – a direct mode data path and a locally routed data path. In the direct mode data path there is a direct radio link between two (or more) UEs such that a transmission from a UE is received from another UE without going through the base station. In the locally routed data path the transmissions from a UE go through the base station but do not traverse the rest of the operator network.
The primary focus in RAN2 is expected to be on the direct mode data path. This contribution focuses on several issues related to establishing and maintaining the direct link.


Direct mode data path

Frequency to use for D2D link
In order to make D2D communication possible, the resources used for D2D communication cannot overlap, in time and frequency, transmissions from eNBs. This implies that D2D communication cannot occur on the DL frequency in FDD unless subframes or resources are reserved for D2D on the DL frequency. Similarly, D2D communication cannot occur in DL subframes in TDD unless some DL subframes are reserved for D2D. Such reservation would need to be across multiple eNBs.
We think it is more practical to use the uplink frequency for D2D communication in case of FDD and the uplink subframes in the case of TDD. Alternatively a different frequency that is not associated with the DL frequency (and is not a DL frequency itself) can be used for D2D communication (e.g., a frequency dedicated for D2D communication).
Proposal 1: The resources used for D2D communication should be chosen from:
· the uplink frequency in the case of an FDD network;
· the uplink subframes in the case of a TDD network; or
· subframes on a frequency dedicated for D2D communication.
Transmission Scheme
Given that D2D is to be designed as an extension to LTE, it is reasonable to expect an LTE transmission scheme to be used for D2D communication. This would enable reuse of the LTE components in the device.
The downlink transmissions in LTE are based on an OFDM transmission scheme and uplink transmissions are based on a SC-FDM transmission scheme. D2D transmissions could either be based on the OFDM transmission scheme or the SC-FDM transmission scheme. If D2D transmissions are based on the OFDM transmission scheme (i.e., like eNB transmissions), devices will need to have the capability to perform OFDM transmission, which current LTE UEs lack. If D2D transmissions are based on the SC-FDM transmission scheme (i.e., like current UE uplink transmissions), devices will need to have the capability to perform SC-FDM reception, which current LTE UEs lack. These are other issues related to the physical layer transmissions will have to be discussed in RAN1.
Device Architecture
Assuming that the D2D communication occurs on the uplink frequency for FDD, a UE can either perform an uplink transmission or a D2D transmission, but not both. Consequently, in this case, there is no need for a separate transmitter and RF for D2D communication (i.e., the same RF chain as the one used for uplink transmissions can be used for D2D). Also in the case D2D communication on the serving TDD frequency, there is no need for a separate transmitter.
If a dedicated frequency is used for D2D communication, it is possible that a separate transmitter may be beneficial. However, this adds significant device costs and also introduces complexity related to managing total output power at the device. Therefore we think the D2D design should be based on having a single transmitter that is active at any given time.
Proposal 2: D2D design should be based on the assumption that a UE does not perform simultaneous uplink transmissions and D2D transmissions. 
Assuming that the D2D communication occurs on the uplink frequency for FDD, the UE can simultaneously receive downlink from the eNB and a D2D transmission if it has a separate receiver for D2D communication. For D2D communication on a TDD frequency however, the UE cannot simultaneously receive downlink from the eNB and a D2D transmission. To have a uniform design of D2D for operation on both TDD and FDD frequencies, it makes sense to assume that the device only receives one of the downlink or D2D at any given time. Also, additional receiver capability can add significant costs in the device.
If a dedicated frequency is used for D2D communication, then a separate receiver may be beneficial. However, for the reasons stated above, we prefer to have a design that is based on a single receiver.
Proposal 3: D2D design should be based on the assumption that a UE does not perform simultaneous reception of downlink transmissions and D2D transmissions.
Note that performing simultaneous D2D transmission and downlink reception is allowed.
Resource Allocation for D2D communication
Resource allocation for D2D communication is likely to require extensive discussion. Resources can be allocated in units of resource blocks, subframes or multiple subframes. Furthermore, resources can be assigned in a persistent manner or on an as-needed basis.
In the cases where D2D communication occurs on the uplink frequency (FDD) or in uplink subframes (TDD), D2D resources are taken from uplink resources. In these cases it is necessary for the eNB to control and assign resources for D2D, so that the resources can be appropriately shared based on uplink activity. Even in the case where a dedicated frequency is used for D2D communication, it is beneficial to have the network control and assign resources for D2D. Without network control, ensuring that D2D communication between different pairs of UEs do not interfere with one another is challenging.
Proposal 4: The eNB assigns resources used for D2D communication.
As indicated above the resource allocation units need to be discussed. Also, in order to avoid excessive control signalling from the eNB for the purpose of D2D communication, mechanisms to allocate resources that persist for long durations (e.g., semi-persistently scheduled resources) should be considered.
If the two UEs that establish D2D direct communication are in the coverage of two different eNBs, then resource allocation for D2D communication needs coordination between the eNBs.
Proposal 5: Coordination between neighbouring cells is needed for D2D resource allocation.
Handling Service Continuity
Two UEs may establish communication via the network and then come within range of direct communication. The network may then need to switch the data path from the one going through the network to a direct mode data path. Similarly, when two UEs are in direct mode D2D communication, and subsequently move out of range of direct mode communication, it is necessary to switch the data path to one going through the network. The first data path change requires the UEs to discover one another and perform suitable measurements to assess the quality of the direct radio link between them. The second data path change requires the UEs to continually track radio link quality of the direct link. Furthermore, such discovery events and measurements need to be reported to the eNB in order for the network to perform the appropriate data path switch.
Proposal 6: UEs needs to perform discovery of peer D2D UEs and report discovery events to the network, to support service continuity.
Proposal 7: UEs need to perform radio link quality measurements of D2D radio links and report such measurements to the network, to support service continuity.
Summary
In this contribution we have considered various technical issues that pertain to device to device direct communication. Based on the discussion, we propose the following.
Proposal 1: The resources used for D2D communication should be chosen from:
· the uplink frequency in the case of an FDD network;
· the uplink subframes in the case of a TDD network; or
· subframes on a frequency dedicated for D2D communication.
Proposal 2: D2D design should be based on the assumption that a UE does not perform simultaneous uplink transmissions and D2D transmissions. 
Proposal 3: D2D design should be based on the assumption that a UE does not perform simultaneous reception of downlink transmissions and D2D transmissions.
Proposal 4: The eNB assigns resources used for D2D communication.
Proposal 5: Coordination between neighbouring cells is needed for D2D resource allocation.
Proposal 6: UEs needs to perform discovery of peer D2D UEs and report discovery events to the network, to support service continuity.
Proposal 7: UEs need to perform radio link quality measurements of D2D radio links and report such measurements to the network, to support service continuity.
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