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1 Introduction

At the RAN1#75, the synchronization aspects and procedure for support of D2D operation in LTE technology was discussed in application to multiple deployment scenarios (within / partial / out of network coverage). The study of synchronization performance in out of network coverage scenarios require knowledge of the RF parameters such as initial frequency offset error and frequency stability to perform analysis of carrier frequency offset estimation error, timing estimation error, and other synchronization related parameters. The RAN1 WG has sent LS to RAN4 WG [1], in order to clarify these aspects and currently awaits RAN4 feedback in order to decide on physical structure of the D2DSS signals.
In this contribution, we mainly focus on synchronization procedure for D2D operation in multiple deployment scenarios (within / partial / out of network coverage). At the RAN1#75 meeting, the following design principles were agreed as a working assumption for D2D synchronization procedures [2].

· Before starting to transmit D2DSS, a UE scans for synchronization sources

· If a synchronization source is detected, the UE may synchronize its receiver to it before it may transmit D2DSS

· UEs may transmit at least D2DSS derived from D2DSS received from a D2D synchronization source.

· Details of under what circumstances a UE transmits D2DSS are FFS

· If a UE transmits D2DSS, the rules for determining which source the UE uses as the timing reference for its transmissions of D2DSS are as follows:

· Synchronization sources which are eNBs have a higher priority than synchronization sources which are UEs

· FFS whether synchronization sources which are UEs within network coverage have a higher priority than synchronization sources which are UEs outside network coverage

· Note that this would imply that there is a means to distinguish between a D2DSS transmitted by a UE in coverage and a D2DSS transmitted by a UE out of coverage

· Other details are FFS (including timing advance details)

· If no synchronization source is detected, a UE may nevertheless transmit D2DSS

· A UE may reselect the synchronization source it uses as the timing reference for its transmissions of D2DSS if the UE detects a change in the synchronization source(s)
· Detailed rules FFS
· At a given time, the reference point in time for the D2D signal transmission time is derived from at most one D2DSS 
· Note that “one D2DSS” might in practice in some situations be comprised of SFN transmissions from multiple synchronization sources (although of course this is not visible to the receiver). 
In this contribution, we continue discussion on synchronization procedure for D2D operation. In addition, we provide system level studies analyzing amount of multi-hop timings and independent synchronization sources in different deployment scenarios. Our views on D2D synchronization signal design options were discussed in our previous contributions [3]-[3].
2 Synchronization Rules
It was agreed as a working assumption, that “UEs may transmit at least D2DSS derived from D2DSS received from a D2D synchronization source”. However, the details of under what circumstances a UE transmits D2DSS were left for further study. In our view, only UEs with activated D2D functionality are valid candidates to transmit D2DSS. However, not all of them may need to do it. The decision on whether UE should transmit D2DSS may depend on multiple factors: proximity to the neighbor synchronization source, hop count of the synchronization source, intention to transmit data, remaining level of power battery, eNB commands to become synchronization source, etc. The UE involved in D2D communication should be able to periodically transmit D2DSS signals. However, before it starts D2DSS transmission, it should scan for active synchronization sources. If synchronization source is not detected, then UE may become independent synchronization source (I-SS), which does not derive its own D2D transmission timing from any other node. In this case, the I-SS establishes its own synchronization area to initiate D2D operation with neighborhood devices. It should be noted, that I-SS may exist only in out of coverage or partial network coverage scenarios. If it happens that in-coverage UE detects I-SS, it may start transmitting its own D2DSS in order to automatically mute the I-SS transmission.
· The UE may become independent synchronization source (I-SS) if it is out of coverage. The “out of coverage” definition should be further studied.
· The I-SS muting mechanism may be needed to avoid asynchronous direct communication areas within coverage of synchronous network.
· Confirm working assumption that
· eNBs have a higher priority than synchronization sources which are UEs;

· UEs should scan first for synchronization sources before starting to transmit D2DSS.

One of the mechanisms to mute I-SS is to exploit synchronization procedure. For instance, within network coverage UE (deriving its own timing from the eNB) may detect I-SS and then either inform eNB and request D2DSS transmission or autonomously start transmission of D2DSS/PD2DSCH in allocated D2D resources in order to mute I-SS and provide synchronization reference. In this case, the UE may propagate eNB timing to the I-SS UE which is expected to mute its own transmission of D2DSS causing asynchronous interference. This mechanism implies two hop timing propagation, i.e. from eNB-to-UE and from UE-to-I-SS. The similar two hop timing propagation mechanism can be used to facilitate inter-cell D2D communication for the case of asynchronous or synchronous networks.
· Synchronization procedure can be used to mute I-SSs.
· Two hop propagation of synchronization reference is sufficient for within network coverage scenario in case of synchronous or asynchronous networks.
· For within network coverage scenarios, the amount of timing propagation hops is limited to two.
For partial and out of network coverage scenario, the amount of hops may need to be increased, if it is shown that two hop timing propagation is not sufficient and leads to significant performance loss. In our companion contribution [4], we study different resource allocation and selection strategies, assuming limited amount of timing propagation hops (i.e. 3 hops). In the next section, we analyze the amount of hops and timings for different multi-hop synchronization procedures.
3 Multi-Hop Timing Propagation
3.1 Definitions of Node Types

In multi-hop timing propagation analysis, three types of UE nodes can be classified in terms of synchronization procedure:

1) Independent Synchronization Source (I-SS) – The node which transmits D2DSS and does not derive own timing from other synchronization sources. Its propagation hop count is always set to 0.

2) Gateway Synchronization Source (G-SS) – This node derives timing from I-SS and/or G-SS and propagates timing to the UEs in the neighborhood by transmitting D2DSS signals. Its propagation hop count is in the range from 1 to N, where N-is the maximum number of hops supported by the synchronization method/protocol. For two hops, N is equal to 1.
3) D2D-UE – This is the normal UE with activated D2D functionality, which detects and derives timing from the I-SS or G-SSs, but does not autonomously transmits D2DSS.

3.2 Synchronization Procedures

In current analysis, we study two approaches for timing propagation assuming sequential in time and random in geographical area appearance of the terminals.
· Approach 1. Multi-hop timing propagation from I-SS/G-SS. According to this approach, the new node becomes I-SS (hop count = 0), if it cannot detect other I-SSs or G-SSs. The node becomes G-SS with hop count n, if it can detect G-SS node with lower hop count (n-1). The node has D2D-UE state, if it detects G-SS with maximum value of hop count (n = K-1, where K is the maximum number of hops). If new node can hear several I-SSs, it becomes G-SS with hop count 1 by selecting, the best I-SS using receiver power criteria, similar to cell association.
· Approach 2. Multi-hop I-SS/G-SS timing propagation with I-SS muting (the 1st hop muting). In this approach, when new G-SS detects two or more I-SSs, it selects one of them as synchronization source. The remaining I-SSs mute their operation when detect G-SS with hop count (n = 1) propagating from the neighboring I-SS.
These two approaches are analyzed in section 4.1. Additionally, we have analyzed the above approaches with predefined inter-synchronization source RSRP threshold. In this case, the new node becomes G-SS only if the maximum received power from the neighbor G-SS does not exceeds predefined threshold (e.g. –80 dBm / -103 dB pathgain). The hop count is prioritized for SS selection, then received power is used to select between SSs with lowest detected hop count.
4 System Level Analysis of Synchronization Procedures

4.1 Distribution of Synchronization Node Types

4.1.1   Multi-Hop Timing Propagation Analysis
In this sub-section, we provide results of system level analysis for described multi-hop timing propagation approaches. We limit our analysis by maximum 4 hops. The goal of this study is to compare two approaches for multi-hop hierarchical synchronization. The analysis in this section is conducted for PS out of network coverage scenarios agreed by RAN1 WG. Figure 1 provides illustration of synchronization areas for Approach 1 and Approach 2.
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Figure 1: Synchronization areas (Approach 1 – left side) and (Approach 2 – right side) 
Layout Option 5 - (Uniform UE drop)

	Uniform (100% Outdoors)
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	Hotspot (100% Outdoors)
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Approach #2 (with I-SS muting)
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	Indoor-Outdoor mix (20% Outdoors, 80% Indoors)
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Figure 2: Amount of I-SSs/G-SSs/D2D-UEs in different PS scenarios. Layout Option 5
(Uniform Outdoor, Hotspot Outdoor, Indoor-Outdoor Mix)

· Amount of I-SSs (synchronization areas) substantially reduces when multi-hop timing propagation with I-SS muting is applied.

· The 4th timing propagation hop does not provide meaningful reduction of the amount of synchronization areas relative to three hop case.

· The amount of D2D-UEs reduces when the number of timing propagation hops increases. There is almost no D2D-UEs when amount of hops is equal to 4.
· Continue study multi-hop synchronization with 2 and 3 timing propagation hops.
The analysis presented in Figure 2, clearly shows that number of G-SSs significantly exceeds amount of D2D-UEs. Almost all UEs transmit D2DSS, when hop-count is used as a priority indicator.  In case of 3 and 4-hop timing propagation there is almost no receivers (D2D-UEs). This drawback may be avoided if not all terminals are mandated to become G-SSs when receive D2DSSs. In order prevent all UEs to become G-SSs, the predefined inter-synchronization source RSPR threshold can be applied. The corresponding analysis is shown in the next section.
4.1.2  Multi-Hop Timing Propagation with RSRP Threshold
In this section, we study performance of multi-hop timing propagation using predefined inter-synchronization source RSRP threshold for creation of G-SS nodes. The motivation for this is to reduce the number of G-SSs and increase the number of D2D-UEs. In addition, if transmission range between G-SSs is controlled it can be utilized to reduce the in-band emission problem that quite substantially decreases the performance in case of long range direct communication. The more details with regard to this aspect can be found in our companion contribution [4].
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Figure 3: Amount of I-SSs/G-SSs/D2D-UEs vs different RSRP threshold values (3-hops)
(a - Uniform Outdoor, b - Hotspot Outdoor, c - Indoor-Outdoor Mix)
Layout Option 5
· The usage of the inter-SS RSRP threshold significantly reduces amount of terminals propagating timing and does not reduce synchronization areas.
· Consider synchronization solutions that reduce amount of SSs broadcasting D2DSS, while keeping the large synchronization areas.
4.2  Analysis of Unique Timings
The analysis in the previous subsections was focused on the amount of synchronization areas for different multi-hop timing propagation approaches. In this subsection, we analyze amount of unique timings that can be potentially detected by UE terminals assuming agreed by RAN1 WG -112 dBm received power threshold. The analysis is presented for two considered approaches and 3-hop timing propagation. The Table 1 summarizes the average amount of unique timings detected by UEs in different scenarios while CDF curves are shown in Figure 4.
Table 1: Amount of unique timings detected by terminals (3-hop timing propagation).
	
	Uniform UE Drop
	Hotspot UE Drop
	Indoor/Outdoor Mix

	Approach #1
	7.1
	6.5
	3.4

	Approach #2 (with I-SS muting)
	3.2
	3.2
	3.3
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Figure 4: CDF of unique timings in different scenarios (3-hop timing propagation)
· Multi-hop timing propagation with I-SS muting on the 1st hop reduces amount of unique timings in two times.
· Majority of UEs detect less than 4 unique timings in considered scenarios (3 in average).
5 Conclusions
In this contribution, we have analyzed several approaches for hierarchical multi-hop timing propagation using hop count as the priority for SS selection. Our analysis has shown that in order to enlarge synchronization area, it is important to mute I-SSs by G-SSs from the 1st hop. In addition, we observe that the 4th hop does not provide reduction in the amount of synchronization areas and thus we suggest to limit the further study to 2 or 3 hops only. In summary, we have following proposals:
· Confirm working assumption that

· eNBs have a higher priority than synchronization sources which are UEs;

· UEs should scan first for synchronization sources before starting to transmit D2DSS.
· For within network coverage scenarios, the amount of timing propagation hops is limited to two.

· Continue study multi-hop synchronization with 2 and 3 timing propagation hops for out of network coverage.
· Consider synchronization solutions that reduce amount of SSs broadcasting D2DSS, while keeping large synchronization areas.
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