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1 Introduction

One of the challenging public safety (PS) requirements towards enabling direct device discovery and communication in partial or outside network coverage scenarios is the lack of synchronization and common timing reference. LTE technology defines fully synchronous operation between eNodeB and UE. The UE terminals synchronize to the eNodeB using synchronization and reference signals transmitted by the eNodeB. In addition, UE operation is configured by eNodeB and UE terminals follow all eNodeB instructions/commands in terms of spectrum resource management.
The extension of the synchronous operation is a natural design choice for the out of network coverage and partial coverage scenarios, since it is already supported by UE terminals. In this regard, the following was agreed at the RAN1 #73 meeting [1]:
In cases when at least one external synchronization reference exists, this is always the case at least within NW coverage:
· A UE begins to transmit a D2D signal at the time instance of T1-T2.

· T1 is the reception timing of the synchronization reference.
· T2 is an offset which is positive, negative, or zero.

· Option 1: The synchronization reference is derived from the timing of a cell (not precluding the possibility that different cells may be used at different times).

· Option 3: The synchronization reference is a synchronization signal transmitted by one UE 

· Option 4: The synchronization reference comprises synchronization signals transmitted by more than one UE 

· Option 5: The synchronization reference is transmitted by an external source, e.g. GNSS

· For D2D communication signal, Options 1, 3, 4 & 5 are considered for further study.
· At least option 1, 3 is supported for within NW coverage.
Further study is required for the transmission timing in cases when a synchronization reference does not exist.
In this contribution, we discuss methods for enabling synchronous operation with focus on out of network coverage PS specific scenarios, while a detailed discussion on D2D communication design aspects is provided in [3].
2 Synchronous Operation in Out of Network Coverage
The PS use cases assume multiple groupcast and/or broadcast transmissions. There may be multiple PS groups that work in nearby or even the same geographical area. The need for the concurrent communication within the group requires design of the collision avoidance methods, so that members of different groups can transmit and not interfere with each other. Partially, this goal can be achieved through the establishment of synchronous operation within the group and between the groups if multiple groups operate within the common synchronization transmission range. 
Proposal 1: 
· Synchronous operation for support of LTE-based direct device discovery and communication should be further considered towards designing energy-efficient, long-range, and high-capacity solutions.
The synchronous operation, in out of network coverage PS scenarios can be viewed as an operation of multiple ad-hoc networks, each established by the peer radio head (PRH) periodically broadcasting synchronization signals. These ad-hoc networks may appear/disappear in time and may be autonomously deployed by public safety officers in different accident regions distributed over large geographical areas. In practical cases, the following situations may occur in public safety spectrum with regard to synchronization between ad-hoc networks:

· Case 1. Ad-hoc networks with non-overlapped synchronization areas. In this case, PRHs are not synchronized in time and there are no UEs which can synchronize to more than one PRH.
· Case 2. Ad-hoc networks with partially-overlapped synchronization areas. As in the previous case, in this case, neighboring PRHs are also not synchronized in time, but some of the PS terminals in the overlapped region can detect synchronization signal from both PRHs and are able to synchronize to either of them.

· Case 3. Ad-hoc networks with overlapped synchronization areas. In this case, both PRHs can detect and synchronize to each other and thus establish the common synchronization reference, by selecting one of the PRHs as a reference.
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Figure 1: Potential scenarios in out of network coverage public safety use cases.
In the first case, ad-hoc networks established by different PRH nodes have non-overlapped synchronization areas, so that UEs associated to different ad-hoc networks are not capable to receive signals from other ad-hoc networks (multiple standalone ad-hoc network case). In the second case, the ad-hoc networks are partially overlapped so that UEs can hear synchronization signals from several PRHs, however the PRHs are not synchronized with each other. This case is problematic due to potential asynchronous interference, unless the synchronous operation between PRHs is established through a common reference source, or one of the terminals between the two synchronization areas can assist in synchronizing multiple PRH devices. The latter case is likely to require autonomous PRH support from terminals and more complicated synchronization protocols, aiming to synchronize PRHs over intermediate nodes. In the third case, one of the PRHs can derive the timing from another one. In this case, two nearby ad-hoc networks can operate synchronously sharing the spectrum resources. 
Proposal 2: 
· The synchronization scheme should focus on facilitating localized synchronization areas with provision for potential merging of the overlapped synchronization areas when feasible.
3 Synchronization and Bandwidth Partitioning
In out of coverage public safety specific scenarios, the communication range may be prioritized while supporting reliable communication for low/medium data rate traffic. In this regard, the narrow bandwidth transmissions as well as usage of the extended cyclic prefix may be more advantageous to meet performance targets and reduce impact of asynchronous interference (caused by propagation delays and transmissions that are not fully aligned in time).

Observation 1

· The narrow bandwidth transmissions as well as usage of the extended cyclic prefix may be more advantageous to meet long range performance targets and reduce impact of asynchronous interference in public safety scenarios.
· Careful analysis should be done to evaluate impact from the inband emissions.
In terms of interference between established networks these cases may be characterized by
· Case 1 – no interference or potentially weak asynchronous interference;

· Case 2 – asynchronous interference if no synchronization is established through intermediated nodes;

· Case 3 – synchronous interference if PRHs synchronize their operation;

In general, the periodic broadcasting of synchronization signals can also be utilized for interference management between ad-hoc networks. For instance, if spectrum resources (bandwidth) is divided into predefined frequency channels where PRHs can transmit their synchronization signals, the new PRH may scan those in order to select the frequency channel that is not occupied by neighboring ad-hoc network. According to the given example, the system bandwidth may be divided into the predefined set of N (e.g. 4, 8) logical frequency channels. Each logical frequency channel is composed of multiple M physical resource blocks PRBs (e.g. 12, 6). The synchronization signals can be periodically transmitted in the center of each frequency channel. It should be further mentioned that the whole bandwidth can be utilized for the PRH operation with the proximity terminals, however the PRH may at least own the frequency channel where it transmits synchronization signal and occupy other channels based on the interference environment conditions in the proximity range as well as traffic demands, etc. This mechanism can be used for long-term interference avoidance so that multiple ad-hoc groups can co-exist and avoid synchronous or asynchronous interference.
Observation 2
· Synchronization can be utilized for handling interference issues in ad-hoc environment.
Proposal 3: 

· Consider partitioning of the PS spectrum into multiple orthogonal frequency channels for transmission of synchronization signals. 
· Further analyze required frequency partitioning and allocation of the synchronization signals in time considering interference and inter-PRH synchronization impacts.

The division on frequency sub-channels introduced above can enable collision free operation when multiple PRHs establish synchronization areas in geographically overlapping regions. Depending on the scenario, there may be a few PRHs detectable in the given area. In this case, the remaining non-occupied resources may be shared between deployed PRHs in order to increase throughput for D2D operation within the given synchronization area, and, at the same time, control interference between devices that belong to different synchronization areas. 

4 On Synchronization Signals
The physical structure of the PRH synchronization signal should be further discussed but in general may be represented by PSS/SSS signals in order to maximize the reuse of the existing signals defined in LTE technology. These signals can be mapped to the center of the corresponding frequency sub-channels, if frequency partitioning is applied. The usage of other synchronization signals can be also considered and further studies in RAN1 WG may be necessary to identify if there are any benefits of designing new synchronization signals transmitted by PRHs.
The physical structure of synchronization signal may contain the following information to enable synchronous operation in out of coverage scenarios:

· Information about the PRH identity (similar to cell-ID to distinguish ad-hoc cell);

· Frequency channel and default spectrum resources owned by given PRH/ad-hoc network;

For PRHs synchronized with each other, the synchronization signals should be transmitted closely in time (e.g. subframe/frame interval) in order to reduce the power consumption of the normal UEs that are capable to synchronize with multiple PRHs. These synchronization signals (e.g. PSS/SSS) can be potentially transmitted with lower duty cycle that provides optimal tradeoff between clock drift, synchronization error and PRH power consumption. In particular the staggered transmission of the synchronization signals can be considered, so that PRHs can scan frequency channels and track sync signals from each other in order to support common timing and quasi synchronous operation in the given geographical area. 
Proposal 4: 
· Synchronization signals transmitted periodically by PRH. Transmission period is FFS.
· Synchronization signals carry information about ad-hoc network (PRH identity) similar to cellular operation.

Proposal 5: 
· The analysis of possibility to reuse PSS/SSS signals as synchronization signals should be given a higher priority.
5 Other Aspects

In LTE networks, the eNodeBs have tight frequency error requirements and provide 0.05/0.25 ppm of frequency error relative to assigned carrier frequency. The UE terminal requirements are defined for transmit signal quality and in terms of frequency error are set to 0.1 ppm, compared to the carrier frequency received from the eNodeB. This requirement assumes that terminals synchronize to the eNodeB carrier. Assuming that PRH node is based on UE terminal the frequency error requirements relative to assigned carrier frequency need to be further clarified.
Observation 3:
· Assuming that PRH node is based on UE terminal, the frequency error requirements relative to assigned carrier frequency needs to be further clarified. RAN1 WG may consider to send a liaison statement (LS) to RAN4 WG to clarify frequency error requirements for PS devices operating out of network coverage.
Conclusions

In this contribution, we presented a discussion on synchronization options for D2D operations. Based on the descriptions in the document, our main proposals towards designing a synchronization procedure for D2D operations are summarized below:
Proposal 1: 

· Synchronous operation for support of LTE-based direct device discovery and communication should be further considered towards designing energy-efficient, long-range, and high-capacity solutions.
Proposal 2: 

· The synchronization scheme should focus on facilitating localized synchronization areas with provision for potential merging of the overlapped synchronization areas when feasible.
Proposal 3: 

· Consider partitioning of the PS spectrum into multiple orthogonal frequency channels for transmission of synchronization signals. 
· Further analyze required frequency partitioning and allocation of the synchronization signals in time considering interference and inter-PRH synchronization impacts.

Proposal 4: 

· Synchronization signals transmitted periodically by PRH. Transmission period is FFS.

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

Proposal 5: 

· The analysis of possibility to reuse PSS/SSS signals as synchronization signals should be given a higher priority.
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