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1. Introduction
According to SID [1] for LTE D2D proximity services, feasibility study about D2D discovery and communication also includes:
1) Define an evaluation methodology and channel models for LTE device-to-device proximity services, including scenarios to compare different technical options to realize proximal device discovery and communication, appropriate performance metrics, and performance targets (e.g. range, throughput, number of UEs supported). [RAN1]

2) Identify physical layer options and enhancements to incorporate in LTE the ability for devices within network coverage: [RAN1]

a) to discover each other in proximity directly in a power-efficient manner
b) to communicate directly, including enhancements to LTE interference management and scheduling that allow the LTE network to enable, manage, and continuously control all direct, over the air, device to device communications 
3) Identify and evaluate options, solutions and enhancements to the LTE RAN protocols within network coverage [RAN2 primary, RAN3 secondary]:

a) to enable proximal device discovery among devices under continuous network management and control, 
b) to enable direct communication connection establishment between devices under continuous network management and control,  

c) to allow service continuity to/from the macro network
4) Consider terminal and spectrum specific aspects, e.g. battery impact and requirements deriving from direct device-to-device discovery and communication [RAN4] 

5) Evaluate, for non public safety use cases, the gains obtained by LTE device-to-device direct discovery with respect to existing device-to-device mechanisms (e.g. WiFi Direct, Bluetooth), and existing location techniques for proximal device discovery (e.g. in terms of power consumption, and signaling overhead)  [RAN1, RAN2]

7) For the purposes of addressing public safety requirements, identify and study the additional enhancements and control mechanisms required to realize discovery and communication outside network coverage [RAN1, RAN2]

In previous RAN1 meeting, the evaluation methodology and channel models for D2D communication were well discussed, and most of aspects for evaluation have been concluded.  In this contribution, we first analyze the scenarios and potential requirements for D2D communication which are defined by SA in [2][3], and then share our views on the design aspects for D2D communication.
2. SA requirements for D2D communication
2.1. Data and control path for D2D communication
The data path for D2D communication is categorized as two modes [2]: direct mode and local-routed mode, as shown in Figure 1. In local-routed mode, the D2D communication between two UEs is almost the same as cellular communication, except that the data for D2D communication is only routed by an eNB. Therefore, in the following sections, we will mainly focus on the design aspect in direct mode.
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Figure 1: Data path for D2D communication
The control path for D2D communication is categorized as three manners [2]: network-assistant, relay, and out of coverage, as shown in Figure 2. For network assistant manner, it can be applied in both general and Public Safety use cases. For relay and out of coverage manner, they can be only used in Public Safety.
· In network-assistant manner, the D2D communication between ProSe UEs is determined by network. ProSe UEs can exchange the control information by cellular link. In addition, ProSe UEs may also exchange the control information by D2D link (Device to Device direct link). 
· In relay manner(Public Safety only), only a subset of Public Safety UEs are within coverage, while other Public Safety UEs are out of coverage., ProSe UEs need to exchange all the control information by D2D link. Also one or more Public Safety UEs within coverage may relay the radio resource management control information through D2D link for the Public Safety UEs that is outside network coverage. 
· In out of coverage manner (Public Safety only), the UEs need to exchange all the control information and establish the D2D link communication on pre-configured radio resources. Alternatively, a Public Safety Radio Resource Management Function, which can reside in a Public Safety UE, can manage the allocation of radio resources for D2D link.
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Figure 2: Control path for D2D communication
In the out of coverage manner with Public Safety Radio Resource Management Function, it can share the same design principle with relay manner, since the Public Safety UEs with relay function are also used to control the radio resource management for D2D link communication.

2.2. Scenarios and requirements for D2D communication

In [2], a number of potential requirements are raised for both general and Public Safety use cases. From [1], the D2D communication can be categorized as three scenarios: general scenario within network coverage, Public Safety scenario out of network coverage and Public Safety scenario within network coverage. The design aspects for the three scenarios are given as follows:
· General D2D communication within network coverage

The D2D communication is mainly performed in the licensed spectrum(e.g. DL or UL resource) or other existing device-to-device mechanisms(e.g. WiFi direct, Bluetooth), and the D2D communication link setup, resource management, and switching between cellular link and D2D link communication are controlled by network. Therefore, the network needs to know the communication characteristics (e.g. channel condition, QoS of the path, volume of the traffic etc.) on the D2D link, and manage the radio resource associated with D2D link. In case that D2D communication is performed in cellular spectrum, interference coordination between cellular link and D2D link shall be considered.
· Public Safety D2D communication out of network coverage

The D2D communication is mainly performed in dedicated Public Safety spectrum, and the radio resource associated with D2D communication can be pre-defined or controlled by Public Safety UEs with Public Safety Radio Resource Management Function inside. This scenario looks like a self-organized network, which involves D2D communication link setup and pairing of transmitting and receiving peer, etc. These are widely studied in other system, e.g. WiFi, Bluetooth, Zigbee and etc. The detailed mechanism for this D2D communication scenario need to further study with the consideration of requirements from Public Safety.

· Public Safety D2D communication within network coverage

This scenario is for specific needs that are applicable for public safety in addition to those general use cases within network coverage. In fact, it is similar to the general scenario within network communication, except that the D2D communication is performed in the dedicated Public Safety spectrum.  The design principle for this scenario can be the consistent with general scenario within network coverage.  The control mechanism, resource management and interference coordination shall also be studied. 
In addition to above scenarios, there are other design aspects which derived from specific requirements for Public Safety use cases[2]:
· D2D communication shall support group and broadcast communication type.
· ProSe relay: one or more Public Safety UEs shall be capable of ProSe relay function, which means that a given UE acts as a communication relay for one or more UEs. This requires that the relay-UEs shall be capable of routing function 
· Public Safety implicit discovery: Public Safety UEs need support direct communication without an explicit ProSe discovery event. Direct communications without discovery event are inherently based on broadcasting mechanism, since there is no link setup procedure and no way to identify the peer in advance.  With the consideration of out of network coverage scenarios, communication mechanism without initial synchronization shall also be studied.
3. Design aspects for D2D communication
D2D communication is performed on top of cellular communication, which can operate in in-band or out-band manner.  In this section, the design aspects for D2D communication are discussed, and mainly focus on the in-band manner, since out-band D2D communication can employ WiFi or Bluetooth in the unlicensed spectrum, or reuse the in-band mechanism in the dedicated spectrum with the cost of an extra set of Rx/Tx chain.
3.1. D2D UE duplex mode

There are two duplex modes in D2D communication: TDD and FDD duplex mode. The comparisons between two duplex modes are given as follows:

· FDD duplex mode

FDD duplex mode can only work on paired spectrum. To support FDD duplex, one additional Rx chain shall be equipped for D2D UE, as D2D UE should be able to receive on both uplink and downlink carriers. Similarly, one additional Tx chain is also needed. 
· TDD duplex mode

For D2D UE worked on paired spectrum, one additional Tx or Rx chain is needed depending on the working carrier of D2D communication. For D2D UE worked on unpaired spectrum, no additional Rx or Tx chain is required.
With the consideration of the UE cost and the applicability in both TDD and FDD network, TDD duplex mode is more appropriate for D2D communication.
Observation 1: TDD duplex mode is more appropriate for D2D communication.
In addition, when D2D communication is carried out under the network coverage, the UE shall maintain both D2D link and cellular link as defined in [PR.27] from SA TR [2]. Then the UE need at least to monitor control messages in DL resource to maintain the cellular link, e.g. PDCCH, PBCH, SIB, paging and etc. Since an UE cannot perform simultaneous reception and transmission in the same carrier due to the restriction of duplexer, DL resource will impose more restrictions on D2D communication than UL resource. Therefore, UL resource is more appropriate for D2D communication in case of within network coverage.
Observation 2: UL resource is more appropriate for D2D communication in case of within network coverage.
3.2. Interference coordination between cellular and D2D link
Interference coordination will be a major issue for the in-band D2D communication within the network coverage, since interference needs to be coordinated not only in the same layer (between cellular links, between D2D links) but also the different layer (between cellular and D2D links). The interference scenarios between cellular and D2D link are shown in Figure 3. 
· On DL resource, there are two types of interference when cellular UE is in proximity with D2D UE: one is the reception of cellular UE is interfered by the transmission of D2D link, and the other is the reception of D2D UE is interfered by cellular DL link transmission. The interference can be coordinated by network, e.g., allocating orthogonal radio resource between cellular and D2D link. 
· On UL resource, there are also two types of interference: one is the reception of D2D UE is interfered by the UL transmission of cellular UE, and the other is the reception of eNB is interfered by D2D link transmission. Since the D2D communication is performed between UEs in proximity, the transmission power can be controlled by network to reduce interference, and eNB can further employ advanced receiver to mitigate the interference. 
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Figure 3: Interference scenarios

Further considering the inter-cell interference scenarios, the interference situations will be various and more severe due to the introduction of D2D layer. And hence the interference suppression between different layers becomes essential for interference coordination. In this situation, power control can be employed as an effective method to control the interference level between different layers. The details of interference coordination and power control mechanism need further study.
3.3. Resource management for D2D communication
In the general and Public Safety scenarios within network coverage, the resource associated with D2D communication can be controlled by network. Preliminarily, the resource allocation methods include the following options:
· Option 1: Dynamic allocation by network
Each D2D communication is scheduled by network, which is similar to dynamic scheduling for PUSCH. Network controls the Tx and Rx resource for a D2D communication pair.  In this manner, the network can select the best communication link between cellular and D2D link which will fully exploit the gain with network control. However, the control overhead will be increased with the increased number of D2D communication pair, which will impact the cellular communication performance.
· Option 2: Semi-static allocation by network for one D2D communication pair

In one D2D communication pair, a UE is configured with separate Tx and Rx resource by network in a semi-static manner. This manner is a tradeoff between control overhead and network control gain, which can decrease the control overhead with the sacrifice of network control gain.
· Option 3: Semi- static allocation a resource pool by network for multiple D2D communication pairs

The control overhead of option 3 is the minimum in the three options. It needs an access mechanism for D2D UEs to occupy the resource within the resource pool, e.g. WiFi and Bluetooth competitive access mechanism. However, the self-competition mechanism cannot achieve the advantage of network control.
Resource allocation method needs to consider the control overhead, gain of network control, and the impacts to cellular system. The relative further study is needed.
3.4. D2D link related report  
As defined in [PR.29] from SA TR [2], network needs to know the communication characteristics (e.g. channel condition, QoS of the path, volume of the traffic and etc.) on the D2D link, This requires that the UE reports the D2D link related information to network, at least including RRM measurement and volume of the traffic for D2D link. The information may help network select the transmission link type (cellular link or D2D link) and manage the radio resource used for D2D communication. The details for reporting mechanism and reporting contents need further study. 
3.5. D2D link design

Design of D2D link should reuse principle and design of LTE as much as possible to minimize specification effort and reduce cost of device. Aspects in consideration include access scheme, link adaptation, reference signal, synchronization, CSI measurement and reporting, multiple antenna technologies and etc.

Orthogonal Frequency Division Multiple Access (OFDMA) of LTE downlink or Single Carrier Frequency Division Multiple Access (SC-FDMA) of LTE uplink could be used as access scheme of D2D link. Single carrier characteristic of SC-FDMA is desirable to keep low PAPR, but its equalization is much more complex than that of OFDMA. The same demodulation module as cellular downlink demodulation could be reused to demodulate D2D link if OFDMA is employed, resulting in low complexity of demodulation and low cost of implementation. The selection between OFDMA and SC-FDMA is a tradeoff between PAPR and demodulation complexity which should be studied further.

Link adaptation such as hybrid ARQ and adaptive modulation control (AMC) is essential to assure link reliability and increase spectrum efficiency, especially when D2D transmission shares the same resource as it of cellular communication, for interference from cellular communication causes dramatically varying SINR across time and frequency domain. The detail of how HARQ and AMC work for D2D link remains open. 

To facilitate AMC, measurement and reporting of instantaneous channel condition is necessary, and reference signal used for D2D link channel state information (CSI) derivation needs study. For demodulation, DMRS designed in LTE Rel-11 for uplink and downlink could be considered as baseline. Possible overhead reduction can be considered as time and frequency dispersion of D2D channel may be low. 

Time and frequency synchronization is another important factor to be considered. Initial synchronization could be achieved if both transmitting and receiving end are aligned with synchronized network. Further fine synchronization tracking could be achieved via DMRS signal or other new designed signal. However, whether DMRS is sufficient for synchronization tracking should be evaluated. For the case of out-of-coverage, both initial synchronization and tracking should be studied carefully.

Multiple antenna techniques standardized in LTE include spatial multiplexing, transmit diversity, and beamforming. They are key techniques to meet requirement of LTE on peak data rate and spectrum efficiency. Considering current state of the art, most UEs are equipped with single transmission antenna. Therefore, in initial phase of study, single antenna transmission should be the focus. Multiple antenna operation could be considered later.

4. Conclusion 

In this contribution, the scenarios and potential requirements for D2D communication from SA are analyzed and derived RAN1 requirements are discussed. Views on design aspects for D2D communication are shared, including duplex mode, interference coordination, radio resource management, and D2D link design. Particularly, following observations are given:

Observation 1: TDD duplex mode is more appropriate for D2D communication.
Observation 2: UL resource is more appropriate for D2D communication in case of general scenario within network coverage.
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