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1 Introduction
At the 3GPP RAN#60 plenary meeting, it was decided to prioritize the work on D2D broadcast communication for public safety use cases for LTE Rel.12 study item on LTE proximity services [1]. The following agreements have been made and reflected in the agenda of the RAN1 WG meeting #74:
· Focus on broadcast D2D communication for the public safety use case, on the understanding that basic groupcast and relay functionality (for network-UE relay case) is supported by broadcast D2D communication

· If possible, consider optimizations to enhance efficiency of the relay operation.
In this contribution, we share our views on D2D design aspects in public safety specific scenarios mainly focusing on support of broadcast and groupcast communication in out of network coverage scenarios.
2 Public Safety Requirements and Applications
Functional requirements developed by SA1 group for public safety device-to-device operation are summarized in the 3GPP ProSe TR [2]. The TR captures fundamentally new out of network coverage deployment scenario for D2D operation in public safety specific use cases. From the first glance, it implies possibility of designing  completely new communication system architecture, mainly relying on design principles of ad-hoc networks. Besides the fundamentally new deployment scenario, the public safety D2D applications demand support of broadcast and groupcast communication modes, including relaying functionality. In addition, the system performance metrics such as the transmission range and robustness may be considered of higher importance in critical public safety missions comparing to the power consumption and spectral efficiency which are of higher emphasis for consumer use cases. Our views on D2D communication design option in LTE technology have been provided in [4]. In this contribution, we primarily focus on D2D design aspects for public safety specific use cases/scenarios, with the main emphasis on out of coverage scenario. In particular, we propose to discuss and agree on several design aspects related to:
· Ad-hoc network architecture;

· Synchronization;

· Peer-to-peer physical channels;

· Resource configuration;

· Radio resource management;

· Management of interference types;
· Broadcast communication;

· Groupcast communication.

The need to support D2D operation outside of network coverage scenarios requires RAN1 WG to decide on the main aspects of the D2D operation. We believe that agreements on at least high level design aspects may facilitate further progress and streamline the constructive discussion on support of D2D communication in LTE technology. In order not to significantly increase the system complexity and ease the transition between in-network and out-of-network operation, RAN1 should strive for a common solution for both within and out of network coverage scenarios.

Proposal 1

· Prioritize discussion on the main design aspects required to support D2D operation including both in and out of network coverage scenario and then continue discussion on the specific design details. 
· Strive for a common solution for both within and out of network coverage scenarios in order to keep the system complexity and ease the transition between in-network and out-of-network operation.

3 Ad-Hoc Network Architecture

The first design aspect that needs to be discussed in application to the public safety out of coverage scenario is the establishment of the peer-to-peer ad-hoc network and its relevant architecture (topology). According to the RAN1 WG agreements on D2D evaluation methodology and user drop procedures the target public safety scenarios can be divided into two major types: 1) large-scale incident areas where multiple transmission points uniformly distributed in space; 2) hotspot based accident areas where multiple accidents may simultaneously happen in different localized areas served by different PS groups. 
The both cases assume spontaneous deployment and operation of multiple ad-hoc networks that need to coexist with each other in the same and limited public safety spectrum (bandwidth). The concurrent operation of multiple ad-hoc networks as well as terminals within a given ad-hoc network may lead to challenging interference environment, poor utilization of the spectrum resources and limited transmission range due to potential collisions if spectrum resources are not properly managed. These performance issues are especially remarkable in distributed and non-synchronized ad-hoc network setups. The practical way to address these issues is to establish 1) synchronous operation (terminals within a given synchronization area have common timing reference) and 2) ensure proper control and usage of the spectrum resources. The synchronous operation requires common time reference and facilitates energy and spectrally efficient operation. These benefits come from possibility of using efficient synchronous protocols for resource management and interference control within the synchronous set of terminals. It can be also noted that synchronous UE behavior is a baseline component of the LTE system, when devices communicate with the eNodeB and thus may be considered as a natural step for operation outside of network coverage.
Observation 1
· Synchronous ad-hoc networking can simplify the interference control through efficient management of radio resources and thus benefit in terms of spectral and energy efficiency.
Establishment of the common synchronization in a given geographical area requires one of the peer terminals to periodically transmit known synchronization signals. Similar to the cellular operation, these signals can be processed by UE terminals in the synchronization range to extract the common timing reference and identify sync node. In ad-hoc network literature, these terminals often referred as cluster heads (CH), where cluster is formed by a set of devices synchronized to a given cluster head. The proposal to use cluster head based ad-hoc network approaches for D2D operation in LTE technology was suggested in [4], [5]. In many senses, the proposed ad-hoc network behavior is similar to some of the basic cellular principles. However, the need for synchronization establishment of the synchronous ad-hoc network implies additional functionality to be supported by the reference source (cluster head) and opens a number of technical approaches for synchronization establishment, further discussed in our companion contribution dedicated to synchronization options [3].
Observation 2

· In out of network coverage scenarios, the over the air synchronization should be used to establish common timing reference in local area.
Beside the local synchronization establishment, the cluster head node may also assist in configuration of spectrum resources used for D2D operation, radio resource and interference management, collision avoidance as well as measurements and assignments for direct data transmissions. In general, such a node may be also used within network coverage in order to setup “proximate ad-hoc network” between neighborhood devices (e.g. to control operation of low cost and energy efficient MTC devices in proximity area with the frequent or non-frequent transmission of small packets). In order to describe more general scenarios and be more close to LTE terminology, we suggest using the term peer radio head (PRH). The PRH can be interpreted as a node that establishes its own ad-hoc network for peer-to-peer operation with terminals in the proximity area. One of the important PRH function is over the air synchronization with the neighboring PRHs deployed within its synchronization range. The PRH is capable to extend the overall area of synchronous operation of several ad-hoc networks, controlled by different PRHs. The PRH practical implementation may evolve from the eNodeB design with the substantial set of simplifications (“lightweight” eNodeB/Relay), as well as by adding new functionality into the legacy LTE UE terminal, sufficient to operate ad-hoc network. This new functionality should minimize the amount of physical layer changes that need to be introduced on top of UE peer-to-peer L1 processing. The latter is especially important for system design where each terminal can autonomously take the PRH role and play the PRH functions. 

Observation 3
· In order to enable support of autonomous PRH functionality, the amount of UE physical layer changes to be introduced on top of peer-to-peer L1 functionality should be minimized.
Proposal 2
· Synchronous ad-hoc network in out of coverage scenario is established by Peer Radio Head (PRH) node, which may provide synchronization reference, configuration of D2D resources, assistance in radio resource and interference management functions.
4 Synchronization
In this section, we provide summary of our proposals on synchronization principles for PS specific use cases and out of network coverage scenario in particular. Further discussion on synchronization options for the PS specific scenarios is provided in our companion contribution [3].
The PRH serves as synchronization reference source for establishment of synchronous ad-hoc network. The PRH periodically transmits synchronization signals to provide common timing reference information. The period of synchronization signal transmissions is FFS and may depend on the RAN4 WG feedback on D2D UE oscillator stability characteristics. Synchronization is established over local geographical area with the possibility to hierarchically propagate [6] or align reference timing between PRH nodes for potential extension of the ad-hoc area with synchronous operation of terminals. The synchronization signal is used to identify PRH and extract ad-hoc network identity. In addition, we propose to define/specify the PRH synchronization establishment and synchronization tracking procedure, so that neighboring PRHs can keep synchronous operation. For instance, during network establishment the PRH may perform scanning of the spectrum resources to detect the synchronization signals from other PRHs that already active and established ad-hoc networks. In case of successful detection of the synchronization signal, the PRH occupies the resources that are orthogonal to the resources already utilized by active PRHs for transmission of its own synchronization signal and at the same time PRH selects the resources closely spaced in time. The PRH selects the synchronization signal with different sequence identity, which serves as a marker/indicator of the newly established ad-hoc network. In order to extend synchronization area, the PRH is able to track the synchronization signals from the neighboring PRH, derive and propagate the timing information to UEs within its proximity area and the neighboring PRHs.
Proposal 3
· Local synchronization with the periodic transmission of the synchronization signals by PRH is supported.

· Period, physical structure and allocation of synchronization signals is FFS and may require feedback from RAN4.

· Synchronization signals carry information about ad-hoc network (PRH identity) similar to cellular operation.

· Hierarchical timing propagation with the limited number of hops is considered.
Besides timing synchronization at the physical layer, the PRH also provides the synchronization for higher layers by broadcasting the value of the frame counter which is used for operation of the peer-to-peer physical channels.
5 Resource Configuration
According to the recent RAN1 WG agreement, the UL spectrum resources should be used for direct communication [9]-[10]. For allocation of the direct resources within UL spectrum, we propose that the D2D resource pool (spectrum resources for direct operation) is explicitly configured by the PRH/eNodeB in out and within network coverage scenarios respectively. The D2D resource pool is composed from the predefined set of subframes within LTE physical frame and the set of physical resource blocks (PRBs). The allocated physical resource blocks are further used and mapped to support the set of logical frequency channels (LFC) of the predefined bandwidth (e.g. 6 PRBs). The allocated physical resources are repeated every LTE frame (or the set of LTE frames), so that periodical pattern of the spectrum resources is semi-statically allocated. The update of the D2D resource pool configuration is broadcasted by the PRH/eNodeB. By default PRH operates in one of the logical frequency channels (primary channel) and may utilize remaining frequency channels based on the instantaneous interference environments and traffic demands.
The configuration of the D2D resource pool can be indicated in peer-to-peer broadcast and system information channel (P2P-BSICH). This channel has predefined physical structure and periodically transmitted by each PRH following the transmission of the synchronization channel/signal. In many senses, this channel is analogous to the PBCH(MIB) and SIB signaling but has different content and may have different payload size. The P2P-BSICH channel is used to carry essential system information required for peer-to-peer operation within established ad-hoc network including configuration of the allocated direct resources and parameters of the different peer-to-peer physical channels. It also includes information on the current frame number (system timing) used to link/map the transmission of different physical channels in time. 

Proposal 4

· Resource pool for D2D operations is configured by PRH/eNodeB and consists of the set of subframes and physical resource blocks that can be further used and mapped to support the set of logical frequency channels (LFC).

· The configuration of the D2D resource pool is indicated in peer-to-peer broadcast and system information channel.

Note that different PRHs can configure different D2D resource pools in order to avoid interference between closely spaced ad-hoc peer-to-peer networks. For instance, the synchronized PRHs may use non-overlapped subframe sets and non-synchronized PRHs can use different frequency channels. In general, the limited set of possible D2D resource pool configurations should be defined to reduce the system complexity and enable operation in FDD and TDD spectrums for different UL-DL configurations.

Observation 4

· Different PRHs can use different configuration of D2D resource pools in order to avoid interference between closely spaced ad-hoc peer-to-peer networks. For instance, the PRHs synchronized with each other may use non-overlapped subframe sets and non-synchronized PRHs can use different frequency channels. 

· The limited set of possible D2D resource pool configurations should be defined to reduce the system complexity and enable operation in FDD and TDD spectrums.
6 Peer-to-Peer Physical Channels
The proposal to define new LTE physical channels for peer-to-peer operation was suggested in [5]. In our view, the introduction of the new physical channels is required for D2D operation and discussion on this should further continue in RAN1 WG. For support of the basic D2D operation we propose to define and discuss functionality for at least the following set of physical channels:
· Peer-to-peer synchronization channel (P2P-SYNCH). This channel can be used by PRH for synchronization establishment and may be in general replaced by synchronization signal. However, the physical channel term may be more appropriate since multiple ad-hoc networks may use it to synchronize with each other. The transmission of the P2P-SYNCH will explicitly indicate that one of the nodes has established the peer-to-peer ad-hoc network so that UEs and other PRHs can detect it.
· Peer-to-peer broadcast system information channel (P2P-BSICH). This channel can be used by PRH to broadcast system parameters required for operation of peer-to-peer physical layer (e.g. D2D resource pool configuration, system timing, configuration of the remaining P2P physical channels, etc.). In terms of content and functionality this channel is similar to the PBCH and SIB signaling. The physical structure of this channel is predefined and known to UE terminals.
· Peer-to-peer discovery and access channel (P2P-PDACH). The channel can be used for multiple purposes and may be divided into the multiple functional regions (channels): such as device discovery, connection less communication [5], small packet exchange, request for peer-to-peer communication sessions in P2P-PSDCH physical channel, assignments or announcement signaling. The physical structure of the channel should be further discussed, but should assume payload based design the robust modulation schemes with the limited set of possible configurations.
· Peer-to-peer physical control channel (P2P-PCCH). This channel may serve for multiple control purposes such as assignment of peer-to-peer data sessions, PRH request for the measurement and feedbacks, PRH commands, configuration of transmission parameters. In future LTE releases, the channel functionality can be extended for support of unicast operation between peers within ad-hoc network. The physical structure of the channel should be further discussed, but should assume the reliable operation mode with the limited set of possible configurations.
· Peer-to-peer shared data channel (P2P-PSDCH). This channel is used for peer-to-peer communication (broadcast/groupcast/relaying/unicast) within ad-hoc networks and assumes the reservation/assignments of the spectrum resources for peer-to-peer data sessions. 
The P2P physical channels should be used for the peer-to-peer operation and defined within the D2D resource pool only. The RAN1 WG should further study which LTE physical channels/signals and structures can be reused in peer-to-peer physical channels. While supporting the potential D2D functionalities and features described above, the RAN1 should strive to maximum the reuse of existing LTE design in order to minimize the system complexity and increase the economy of scale.
Proposal 5
· Introduce additional set of peer-to-peer physical channels for D2D operation in LTE technology.

· Prioritize RAN1 discussion on the general functionality and physical structure of new physical channels. 

· While supporting the potential D2D functionalities and features described above, RAN1 should strive to maximum the reuse of existing LTE design in order to minimize the system complexity and increase the economy of scale.
7 Radio Resource Management

The radio resource and interference management for peer-to-peer data transmission within a given ad-hoc network can be potentially controlled by a PRH (centralized mode). This “centralized” design option is especially attractive for small ad-hoc networks, since it can keep low PRH complexity and benefit from coordinated resource assignments. The latter fully resolves collisions and co-channel interference problems during the peer-to-peer data sessions in a given ad-hoc network (i.e. using its D2D resource pool and corresponding physical channels), thus maximize the spectral efficiency of used resources. On the other hand it may overcomplicate the PRH design in dense scenarios characterized by large number of active terminals requesting the spectrum resources.
From the ad-hoc network inter-operation, the terminals should support the basic set of common RRM functionality. Considering implementation complexity and cost considerations, the ad-hoc network is not expected and even may not need to provide such a comprehensive set of the fine grained RRM functions as currently supported by eNodeB deployed in large scale network environment. The RRM functionality of the PRH may be substantially downgraded relative to eNodeB design, so that part of the RRM functions can be shared with UE terminals of the ad-hoc network and it can be supported by legacy UE terminals. For instance, the PRH may not need to decide the particular transmission parameters for communication link between peers and may assist in at least configuration and selection of the spectrum resources to be used for discovery (P2P-PDACH) or communication in (P2P-PSDCH), as well as be able to adjust CQI or data rate of the peer node if PRH wants to decode it and forward data to other members of the established ad-hoc network. In addition, PRH should be able to support the basic QoS and traffic prioritization mechanisms in order to provide more bandwidth (resources) to the particular device within its ad-hoc network.
The function of the radio resource management between multiple ad-hoc networks can also be one of the PRH functionalities. In general, the PRHs that are in proximity of each other can agree to share the spectrum resources or use orthogonal spectrum resources either in TDM and/or FDM mode. The inter-PRH synchronization mechanisms can be used for that purpose (such as establishment of the common timing), so that PRHs can configure D2D resource pools to ensure non-overlapped or same spectrum resources (time and frequency).
Proposal 6
· PRH can play the RRM function between multiple ad-hoc networks.
· PRH has downgraded RRM functionality comparing to eNodeB.

· PRH shares/splits RRM functionality with other members of ad-hoc network, however has prioritized access to system resources.

8 Management of Interference Types 
There are several types of interference that need to be considered during the study item:

· interference within ad-hoc network (intra ad-hoc network interference);

· interference between ad-hoc networks (inter ad-hoc network interference);
· intra/inter-cellular interference (within network coverage).
In out of network coverage scenarios, the broadcast and groupcast communication interference management may be done with the help of the transmitter based interference management techniques that aim to orthogonalize transmissions from the near terminals and apply spatial reuse for distant terminals. Those techniques can be further enhanced by collecting the response from the target receiver terminals. 
8.1 Inter Ad-Hoc Network Interference
To establish the ad-hoc network and mitigate the inter-ad-hoc network interference the PRH may scan the air medium to detect active ad-hoc networks and analyzes the set of spectrum resources occupied by given ad-hoc networks and possibility to establish synchronous operation. The PRH may refrain from the establishment of its own ad-hoc network if multiple ad-hoc networks are active and all spectrum resources are occupied or it can negotiate the resources with other PRHs and configure its own D2D resource pool. In addition, after the establishment of ad-hoc network and initial communication with the neighbor terminals, PRH can request the members of its network to report interference environment on different resources and availability of the PRHs in their range in order to be able to adjust own decision on D2D resource pool configuration. In other words, PRH can use the relatively long-term cognitive network principles for selection of their own D2D resource pool. In case of multiple ad-hoc networks (PRHs) are detected, the PRH should try to establish synchronous operation, but not necessarily occupy the same resources, instead the PRH may decide to use non-overlapped resources.
It should be noted, that inter ad-hoc network interference control is a rather long-term process based on periodical scanning and monitoring of the interference conditions. In established, ad-hoc networks the PRH can also utilize the interference measurements reports from the terminals. 
8.2 Intra Ad-Hoc Network Interference
The interference within ad-hoc network may be completely avoided if PRH owns all RRM functions and controls assignment of data transmissions, as eNodeB does in cellular setup. The intra ad-hoc network interference may still exist at the physical channels where devices are allowed to make their own decisions on the selection of the spectrum resources for transmission (e.g. during discovery or resource/scheduling request).
Alternatively, the interference environment may be controlled by the terminals operating in a given ad-hoc network, using the predefined distributed protocol for resource selection and interference management. For instance, the active devices (having data for transmission) can select the resources by sending ready to send (RTS) / clear to send (CTS) type of signaling (similar to Wi-Fi mechanism) with the embedded payload data that can help to control the distributed scheduling decisions. The RTS request signals can be sent by the transmitters and decoded by target receivers, while the CTS response messages are sent back by target receivers and decoded by active transmitters. Since LTE technology is based on OFDMA waveform format, the multiple RTS and CTS signals can be sent on orthogonal resources. The payload of RTS and CTS messages may contain multiple fields relevant to the distributed protocol used for interference management and distributed resource selection process.

In general, broadcast and groupcast communication characterized by multiple receivers located in overlapped areas within transmission range and thus may experience strong co-channel interference if nearby transmitters use the same spectrum resources. In order to avoid such situation, the TX nodes should be separated by double transmission range (spatial reuse) or transmit on orthogonal spectrum resources. Therefore the main principle for intra-ad-hoc interference management should be orthogonalization of spectrum resources used by transmitters operating within the same ad-hoc network.
8.3 Intra/Inter-Cellular Interference
Within network coverage two additional interference types should be considered:

· Interference from intra and inter UL cellular links to peer-to-peer links (UEUL_TX-to-UEP2P_RX).

· Interference from peer-to-peer links to intra and inter UL cellular links (UEP2P_TX-to-eNodeBUL_RX).

In cellular infrastructure, there are two additional methods (beside orthogonalization) that can be used to handle the mentioned above interference issues. The first mechanism is the mode adaptation (cellular or peer-to-peer transmissions). In general, the peer-to-peer traffic can be forwarded through eNodeB. However currently the eNodeB does not support groupcast and broadcast data transmissions in PDSCH channel (except control signaling) and thus only MBSFN mechanism can be potentially applied that may impose many restrictions. Therefore additional specification work is needed in order to support broadcast and groupcast communication using eNodeB signaling, although the impact on specification may be quite limited. In addition, currently all eNodeB traffic goes to the network which penalize the latency budget for real time traffic, therefore additional forwarding mechanisms need to be developed in order avoid shortage of latency budget. Another method for interference management is power control. The transmission power for P2P communication can be power controlled towards eNodeB. The power control can easily avoid the impact of P2P communication on cellular transmission, however it is also likely to limit the transmission range of the broadcast and groupcast communication modes.

8.4. Summary

In general, all types of the interference control mechanism should be based on the selection of the orthogonal spectrum resources for devices operating in proximity. Only spatially distant devices may be allowed to use the same spectrum resources. In summary, the resource orthogonalization and spatial reuse concepts should be the underlying technology for peer-to-peer communication in outside of network coverage public safety scenarios, according to which the transmitters occupying the same spectrum resources should be as distant as possible, especially for the case of broadcast and groupcast communication, when multiple target receivers may be distributed over large geographical areas.
Proposal 7
· Orthogonalization of spectrum resources is the main principle for interference management for broadcast and groupcast communication in public safety specific scenarios.
· Transmitter based interference management techniques that aim to orthogonalize resources for transmissions from the near terminals and apply spatial reuse for distant terminals are supported in case of the broadcast and groupcast communication.
9 Measurements

The following types of measurements should be considered for support of D2D operation in LTE technology:

· Interference measurements. This type of measurements may be conducted by members of the ad-hoc network in order to assess the interference environment within and outside of the pre-configured D2D resource pool. The measurements may be requested by PRH and conducted with the predefined frequency granularity (e.g. over bandwidth of the frequency channels) or done by terminals in autonomous way. The terminal may report these measurements to the PRH and neighborhood UEs in order to inform about bad interference conditions. This type of measurements may be used to assess the level of interference coming from the neighboring ad-hoc networks and may assist in decisions on resource assignments/selection.
· Peer-to-peer measurements. The information about peer-to-peer link quality is required for D2D communication and PRH may request sounding to measure mutual pathgains between nodes of the peer-to-peer ad-hoc network or use RTS/CTS like signaling to assess instantaneous interference environment and adaptively select resources.

Observation 5
· New types of measurements characterizing peer-to-peer link quality as well as level of interference from peer networks on different resource sets are needed for peer-to-peer operation.
10 Broadcast Communication

According to the RAN plenary agreements, the support of the broadcast communication should be the main focus for the PS specific scenarios in Rel.12. From the physical layer perspective, all transmissions are broadcast and thus can be used for communication between particular peer terminals. Therefore it is important to further clarify the definition of the broadcast term in application to the physical layer since there may be different interpretations among companies. In our view the broadcast is by default a one-to-many communication, when terminal transmits signal to multiple receivers within the transmission range and the receivers may receive multiple broadcast transmission from different TX points and select the one of interest. From that perspective, the broadcasting device aims to reach all UEs in the given transmission range, determined by given data rate.
In system level setup, when multiple neighbor UEs broadcast the signals in non-coordinated way their transmission can collide and thus limit the transmission range due to significant interference. In order to avoid performance loss, the transmission on the orthogonal resources is desirable to increase the transmission range. In addition, the narrow band allocations spanned over multiple subframes may further benefit the range vs. data rate performance.
In out of coverage scenarios, the PRH typically serves as the synchronization node, and thus can attract multiple devices in its neighborhood. In such a case, the PRH may be often considered as the best candidate for relaying the broadcast transmission from the terminals located at the cell edge of the ad-hoc network.
The further discussion on broadcast communication with the system level analysis and observations for the agreed by RAN1 WG D2D deployment scenarios is provided in our companion contribution [11].

11 Groupcast Communication

The main difference between broadcast and groupcast peer-to-peer communication is that the transmitter within the group has the predefined set of target receivers that belong to this group and need to receive the traffic.

In group communication mode, it may often be the case when some of the receive terminals within a given group may not be able to successfully receive the signal because of the link budget constraints. In such situations, the PRH node may serve as the best relaying port for all terminals within a group or other relaying terminals in the group may be identified to relay the message. 
The further discussion on groupcast communication with the system level analysis and observations for the agreed by RAN1 WG D2D deployment scenarios is provided in our companion contribution [12].

12 Other Aspects

In this contribution, we have intentionally left many physical layer aspects such as HARQ feedbacks, CSI measurements and CQI reporting and adjustment, etc. These mechanisms will need to be further studied for unicast peer-to-peer operation if defined in future releases.
13 Conclusions
In this contribution, we have provided general views on D2D communication design aspects in application to PS specific deployment scenarios focusing on out of network coverage deployments and broadcast and groupcast communication. In summary we have the following list of proposals:
Proposal 1

· Prioritize discussion on the main design aspects required to support D2D operation including both in and out of network coverage scenario and then continue discussion on the specific design details. 
· Strive for a common solution for both within and out of network coverage scenarios in order to keep the system complexity and ease the transition between in-network and out-of-network operation.

Proposal 2

· Synchronous ad-hoc network in out of coverage scenario is established by Peer Radio Head (PRH) node, which may provide synchronization reference, configuration of D2D resources, assistance in radio resource and interference management functions.
Proposal 3
· Local synchronization with the periodic transmission of the synchronization signals by PRH is supported.

· Period, physical structure and allocation of synchronization signals is FFS and may require feedback from RAN4.

· Synchronization signals carry information about ad-hoc network (PRH identity) similar to cellular operation.

· Hierarchical timing propagation with the limited number of hops is considered.

Proposal 4

· Resource pool for D2D operations is configured by PRH/eNodeB and consists of the set of subframes and physical resource blocks that can be further used and mapped to support the set of logical frequency channels (LFC).

· The configuration of the D2D resource pool is indicated in peer-to-peer broadcast and system information channel.

Proposal 5
· Introduce additional set of peer-to-peer physical channels for D2D operation in LTE technology.

· Prioritize RAN1 discussion on the general functionality and physical structure of new physical channels. 

· While supporting the potential D2D functionalities and features described above, RAN1 should strive to maximum the reuse of existing LTE design in order to minimize the system complexity and increase the economy of scale.
Proposal 6
· PRH can play the RRM function between multiple ad-hoc networks.
· PRH has downgraded RRM functionality comparing to eNodeB.

· PRH shares/splits RRM functionality with other members of ad-hoc network, however has prioritized access to system resources.

Proposal 7
· Orthogonalization of spectrum resources is the main principle for interference management for broadcast and groupcast communication in public safety specific scenarios.
· Transmitter based interference management techniques that aim to orthogonalize resources for transmissions from the near terminals and apply spatial reuse for distant terminals are supported in case of the broadcast and groupcast communication.
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