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1 Introduction

At the RAN#58 plenary meeting, the study item on LTE device to device proximity services has been agreed [1]. The study of different design options for device discovery and communication should be conducted by the RAN1 WG. In this contribution we focus on communication part, while our views on discovery are presented in [2]. According to the D2D SI description, the RAN1 WG is tasked to:
· Identify physical layer options and enhancements to incorporate in LTE the ability for devices within network coverage to communicate directly. For the purposes of addressing public safety requirements, identify and study the additional enhancements and control mechanisms required to realize communication outside network coverage.

The major architectural question for integration of D2D communication into LTE technology is the split of the functionality between the network and terminal sides. In LTE and other cellular technologies, the operation of mobile terminal is fully controlled by the network (eNodeB). The UE behavior is either directly managed by the network (eNodeB) or predefined by specification, except the vendor specific implementation aspects, that mainly deal with the receiver performance and hardware architecture. The network and in particular eNodeB is responsible for all functions that relate to air interface aspects, such as control of radio resources, management of UE transmissions and configuration of UE operational parameters (e.g. UL power control, transmission mode, feedback mode), etc. Depending on the D2D design option and application, the UE role may need to be extended, so that part of the eNodeB functions is also implemented at the UE side. The enabling of D2D communication in the LTE networks requires detail analysis across multiple RAN and SA groups, since some of the design options may require reconsideration of the fundamental operation principles. Further in this contribution, we continue discussion on potential benefits of D2D communication and provide analysis of different alternatives for D2D communication designs mainly focusing on physical layer aspects.
2 D2D Performance Benefits
The D2D communication has a potential to bring multiple system level performance benefits. First of all, it can significantly increase the spatial reuse and thus improve the spectral efficiency per square meter in specific scenarios when multiple devices concurrently communicate over short distances in geographically different cell areas. Beside that the D2D communication can be applied to improve performance of cell-edge UEs or extend system coverage. In addition, it can save system resources, since if two devices are in proximity they do not need to transmit traffic through eNodeB that consumes DL and UL spectrum resources for data and control channels. On the other hand, the D2D communication may also have a negative impact on LTE cellular users by creating excessive interference to cellular transmission if proper interference management between cellular and D2D transmissions is not specified. The latter one is one of the physical layer challenges that should be studied in the framework of study item further discussed in the next section.
Observation 1
Depending on considered scenario, the D2D communication may provide additional gains of cell spectral efficiency normalized per geographical area, extend coverage and also free up the DL resources due to the direct transmission between devices, that may also increase cell spectral efficiency.
3 D2D Physical Layer Aspects
The support of D2D communication may require many physical layer changes and specification work. Starting from the very basic question about modulation format (OFDMA or SC-FDMA) to be used for D2D communication and continuing with the more architectural discussion on potential changes. For instance, it needs to be analyzed who and how controls the allocation of the radio resources for D2D communication and whether the synchronous or asynchronous operation should be supported and in which scenarios.  Disregarding the particular D2D design options, the following major physical layer challenges, that need to be evaluated, during the study item can be highlighted:

· Intra and inter layer interference management. The new interference types, caused by D2D communication may impact cellular transmission and also may suffer from cellular transmissions. In order to address this issue, the design of techniques to control interference across D2D and cellular layers is required. Besides cross layer interference control (i.e. between cellular and D2D transmissions), the interference among concurrent D2D transmissions should be also studied and addressed. In general, technical approaches can be proposed to facilitate the control of different interference types, however it should be noticed, that this aspect is tightly coupled with the D2D communication design options, further discussed in section 4 and thus should be considered simultaneously.
· Power control on D2D links. The D2D power control needs to be analyzed from multiple aspects such as D2D link quality, terminal power consumption, impact on cellular infrastructure and control of interference among D2D and cellular links.
· Scheduling and resource allocation for D2D link. In LTE technology, the UE is not responsible for resource allocation and management. For enabling D2D communication, this aspect needs to be carefully analyzed. Depending on the selected D2D design option, the resource allocation for particular D2D link may be fully controlled by eNodeB, or this function may be shared between eNodeB and UE, or done by terminals itself. Note that resource allocation is not only physical layer aspect, but also affects higher layers and the overall system architecture. This aspect is further discussed in section 4, where multiple D2D communication design options are analyzed.
· Link adaptation on D2D link and channel measurements. The UE supports CSI measurements to perform link adaptation for eNodeB-UE links, however it is not supposed to receive and/or process such information from other UE terminals. When direct communication between devices is considered, the UE naturally becomes the primary candidate to perform link adaptation with paired UE on D2D link, and need to be able adjust transmission parameters in order to fit current channel conditions. This topic will require specification of reference signals that should be used for link adaptation.
· HARQ operation. The communication on eNodeB-UE links supports mechanism of fast retransmission on physical layer. The HARQ operation is synchronous in DL and asynchronous in UL. Although the similar approach can be extended to D2D, it cannot be completely reused and require further analysis, since the D2D communication may be potentially defined for UL subframes only. In some cases, the HARQ operation may be even disabled and retransmissions handled by higher layers.
· Mode adaptation. The mode adaptation can be applied only within network coverage scenario and assumes that depending on channel conditions, the UE may select or eNodeB (network) can decide whether direct or traditional cellular communication should be used for communication between two particular proximate devices.
· Synchronization.  In general case, UEs cannot be assumed to be synchronized to each other, especially in the outside of network coverage scenario. In addition, UEs may have large frequency offsets. Therefore additional mechanisms or signaling is likely to be needed in order to facilitate signal acquisition and channel estimation for direct communication in PS specific scenarios discussed in the study item.
· Waveform format. The LTE technology uses two main waveform formats: OFDMA in DL and SC-FDMA in UL.  It means that on eNodeB-UE links, the UE receives OFDMA modulated signal and transmits SC-FDMA modulated signal. The waveform to be used for D2D communication is one of the topics that should be analyzed during the study item. In general, the OFDMA waveform may be considered to be more favorable in terms of UE receiver implementation transparency.
In summary, the integration of D2D communication into LTE technology requires reconsideration and modification of multiple LTE physical layer aspects and is likely to require substantial specification efforts. Beside the mentioned physical layer aspects and challenges that can be easily foreseen, it is of high importance to analyze and agree on high level D2D design options that can be further used for analysis during the study item. 
Observation 2

The integration of D2D communication into LTE technology requires reconsideration and modification of multiple LTE physical layer aspects and is likely to require substantial specification efforts.
4 Discussion on D2D Communication Design Options
The classification/categorization of the D2D communication design options may be done in multiple ways, e.g. in terms of operation mode: synchronous or asynchronous operation; application: consumer or public safety; communication type: unicast, groupcast or broadcast; interference management and resource allocation: distributed or centralized; etc. In our view, the major aspect that should be used to categorize/classify D2D design options is the eNodeB and UE functions in enabling D2D operation. Additionally, the synchronous or asynchronous design options can be considered.
The integration of the D2D communication into LTE technology requires detail analysis of the eNodeB and UE terminal roles in controlling the spectrum resources for D2D communication. Depending on radio resource management, the following D2D communication design options and architectures can be identified:

· Option 1: Centralized approach (eNodeB controlled). In this design option, the spectrum resources and direct communication between terminals is fully controlled by the network (eNodeB). The eNodeB (or even several eNodeBs) can perform scheduling of the D2D transmission and mode adaptation that can be done at very fast timescale, e.g. each subframe. This option may be attractive in a sense that network can control the quality of service for each D2D link, optimize the usage of spectrum resources in given geographical area and minimize the impact on cellular UEs. It is also may be expected to show superior performance in scenarios where the small number of UE terminals communicating with each other over long time. However, it does not scale well, when the amount of concurrently operating devices increases. For large number of devices, the complexity and signaling overhead may become a major issue in this approach. The eNodeB will need to control not only parameters of the D2D transmissions, but also their mutual impact on each other.
· Option 2: Hybrid approach (eNodeB assisted). The hybrid approach assumes that part of the eNodeB functions is delegated to UE terminal. For instance, the eNodeB may still manage spectrum resources and control operational parameters to be used by given D2D terminals for communication. At the same time, the functions of link adaptation and scheduling of the particular D2D transmission are left for UE control. In other words, the eNodeB still performs major control and data plain functions, such as resource and interference management (intra and cross layer interference), mode adaptation, etc. However, it may not control each particular transmission on D2D link, but still preserve mechanisms to manage intra and cross layer interference. From system perspective, this approach has multiple performance advantages comparing with the centralized one. First of all, it scales well and requires less interaction between eNodeB and UE, which may substantially reduce system overhead and eNodeB design complexity. In addition, the network can provide the necessary configuration and assistance information to the UE terminals that can be beneficial to improve their performance (frame/subframe/symbol level synchronization as a trivial example). From the UE implementation perspective, the hybrid approach implies support of additional management and control functions at the UE side that actually increases its design complexity. The drawback of the hybrid design option is that it cannot be directly applied for out of network coverage scenario, however can still be used in the partial network coverage scenario.
· Option 3: Distributed approach (UE controlled). The distributed design option assumes that majority of the resource management and interference control functions are implemented at the UE terminal side. The terminal operates in distributed manner based on predefined medium access protocol or procedure. The distributed approach is often applied in ad hoc networks and was already implemented in several technologies (e.g. Bluetooth, WiFi-Direct). Although, the distributed protocol does not require network assistance, the implementation is often requires the selection of the group owner or coordinator node, which function is to control operation of the devices in the proximity area. Alternatively, the pure ad hoc operation is also possible and used in practice. The drawback of the distributed approach is its weakness in terms of interference control and collision resolution, especially in asynchronous setup, when devices are not synchronized. The collision resolution is typically implemented using probabilistic approaches, e.g. using medium/carrier sensing and random backoff time to perform transmission if medium is occupied (e.g. CSMA-CA). These mechanisms typically increase power consumption of the UE terminal when it is active and may lead to degradation of system performance in highly congested environment.
Observation 3

Depending on the split of the radio resource management/control functions between eNodeB and UE, the following D2D design options can be identified: centralized, hybrid and distributed.
5 Communication Within and Outside of Network Coverage
The study item aims to analyze D2D communication for within and outside of network coverage scenarios. This requirement imposes certain constraints on the available design options that can be used for D2D communication. First of all, the centralized and hybrid design options cannot be directly used in out of network coverage scenario, since there is an underlying assumption, that there is no available network. Oppositely the distributed approach may be considered as primary candidate. On the other hand, in case of within network coverage scenario, the fully distributed approach may be also not the best option. In this scenario, the eNodeB and network can assist direct communication between devices in multiple ways and also keep devices connected to the network. It should be also mentioned, that outside of network coverage communication targets mainly public safety use case. Under such assumption, it may be also possible to utilize the “lightweight” eNodeB approach to assist the terminal devices to get in sync or control spectrum resources (e.g. Mobile relay or lightweight eNodeB w/o connection to the network can be assumed or special UE terminals can perform some of the control functions). Anyway, in case of within network coverage scenario, the synchronous operation of devices is advantageous for D2D communication and can be considered as baseline in synchronized networks.
Observation 4

The synchronous operation of devices is advantageous for D2D communication and can be considered as baseline in synchronized networks.
6 Spectrum Considerations

The LTE technology supports TDD and FDD duplexing modes for communication on eNodeB-UE links. For D2D direct communication, the both FDD and TDD spectrums can be assumed. However, for direct communication over D2D link (i.e. communication on D2D link), the TDD operation is the most appropriate from practical perspective, since it does not require integration of additional TX and RX hardware. In particular, the usage of UL spectrum resources can be recommended, since it has different kinds of advantages, such as interference control (both cellular and D2D), complexity of the terminal and potentially lower impact on specification. Therefore the UL carrier of FDD spectrum and UL subframes of TDD spectrum can be recommended for D2D communication.
Observation 5

The both FDD and TDD spectrums can be used for D2D communication. The TDD based operation principles in UL frame resources of the FDD and TDD spectrum can be recommended.
7 D2D Communication Types
The study item targets to cover both the consumer and public safety applications. By default, these two usage models have different technical requirements and application scenarios. For instance, the PS driven requirements are direct communication out of network coverage, unicast, groupcast, broadcast transmissions and relaying. At the same time, the consumer use cases are mainly driven by unicast transmissions. Therefore, we suggest starting D2D communication studies from the analysis of unicast operation in different scenarios and then extend those for the analysis of other communications types (broadcast / groupcast / relay), which are specific to public safety.
Beside that, we believe that the common solution for enabling D2D communication for both consumer and PS requirements is desirable. However, the consumer use cases mainly target within network coverage scenario and thus devices can synchronize to the network so we believe synchronous operation of devices should be supported. 
Observation 6

The support of unicast transmission is required for both consumer and PS specific use cases and thus can be considered with higher priority during the study item.

8 Conclusions

In this contribution, the potential design options for enabling D2D communication in LTE technology have been discussed focusing on the physical layer aspects. In summary, it was shown that D2D communication can bring performance benefits in multiple specific scenarios. It was also noticed, that quite significant impact on LTE physical layer is expected and that substantial specification efforts may be needed to support some of the D2D design options. In addition, it was proposed to classify D2D design option in terms of radio resource management/control functions between eNodeB and UE terminal and further study centralized, hybrid and distributed approaches in different scenarios agreed in the study item.
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