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1 Introduction

The synchronization procedure is one of the major opens that was discussed during the LTE Rel. 12 study item on proximity services [1]. Our initial system level studies on synchronization procedure were presented in [2]-[4], where we discussed the amount of timing propagation hops needed in out of network coverage scenarios, priority of synchronization sources, and amount of unique timings that need to be tracked by UEs in order to facilitate communication between synchronization boundaries. Additionally we analyzed methods to reduce the synchronization source density and enlarge synchronization areas [4].
In this contribution, we continue analysis initially presented in [5] and evaluate different hierarchical synchronization procedures in out of coverage scenarios. In particular, we provide our views on the synchronization procedure and amount of timing propagation hops required for D2D synchronization in out of network coverage scenarios.
2 Multi-Hop Timing Propagation
The multi-hop timing propagation is one of the techniques to enlarge the synchronization area for D2D communication in out of network coverage scenarios. One of the main objectives of the synchronization procedure is to reduce the amount of timings that UE needs to track and enlarge the synchronization area, while making feasible communication between different synchronization areas.
2.1 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-1, where N-is the maximum number of hops supported by the synchronization method/protocol. For two hops, N is equal to 2.

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.

2.2 Synchronization Procedures

In this section, we study two approaches for timing propagation assuming sequential in time and random in geographical area appearance of the terminals.

· Synchronization Procedure 1 - Multi-hop timing propagation. According to this approach, the new node may become I-SS (hop count n = 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 = N-1, where N is the maximum number of hops). If the new node can hear several I-SSs, it becomes G-SS with hop count 1 by selecting, the best I-SS using received power criteria, similar to cell association.

· Synchronization Procedure 2 – Multi-hop timing propagation with I-SS muting
. In this approach, when new node (G-SS) detects two or more I-SSs, it selects one of them as a synchronization source. The remaining I-SSs cease their operation, when detect G-SS with hop count (n = 1) propagating from the neighboring I-SS. We call this method as I-SS muting by the first hop G-SS (see Figure 1).
· Synchronization Procedure 3 – Multi-hop timing propagation with last hop used for reception only. This synchronization procedure is similar to synchronization procedure 1 with the exception that the last hop is used for reception only, i.e. terminals do not use it to derive D2D transmit timing. According to this approach, the new node becomes I-SS (hop count n = 0), if it cannot detect other I-SSs or G-SSs with hop-count number less than the maximum number of hops - 1 (i.e. < N-1).

· Synchronization Procedure 4 – Multi-hop timing propagation with I-SS muting and last hop used for reception only. This synchronization procedure is equivalent to synchronization procedure 2 with the exception that the last hop is used for reception only, i.e. terminals do not use it to derive D2D transmit timing. Similar as in SP3 the new node may become I-SS (hop count n = 0), if it cannot detect other I-SSs or G-SSs with hop-count number less than the maximum number of hops-1 (i.e. < N-1).
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Figure 1: I-SS muting by G-SS with hop count 1.
The synchronization procedures #1 - #4 are analyzed in the next subsections of this document. In all considered cases the hop count is prioritized for synchronization source selection, the received power is used to select between synchronization sources with lowest detected hop count.
3 System Level Analysis of Synchronization Procedures

3.1 Multi-Hop Timing Propagation Analysis
In this sub-section, we provide results of system level analysis for described multi-hop timing propagation procedures. We limit our analysis by the maximum number of hops equal to 4. First of all we compare two procedures #1 and #2. The analysis in this section is conducted for public safety out of network coverage scenarios agreed by RAN1 WG. Figure 2 provides illustration of synchronization areas for Synchronization Procedures #1 and #2.
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Figure 2: Synchronization areas (SP#1 – left side) and (SP#2 – right side)
Layout Option 5 - (Uniform UE drop)
Observation 1
· Amount of I-SSs (synchronization areas) substantially reduces when multi-hop timing propagation with I-SS muting is applied.
Proposal 1
· Adopt mechanisms of autonomous I-SS muting, when G-SS with hop count = 1 propagating timing from neighbor I-SS is detected.
The autonomous I-SS muting (triggered by detection of G-SS with hop count = 1) provides substantial extension of synchronization areas and decreases the amount of I-SSs, which further reduces the amount of unique timings that should be tracked by UE (see more details in our contribution [3]). In general, it is possible to consider I-SS muting by G-SS with even higher hop count value. However it contradicts the synchronization rule where hop count has a priority in synchronization source selection. The generalization of muting rule to other G-SS layer further complicates system design and thus is not attractive.
3.2 Distribution of Synchronization Node Types
In this section, we study the distribution of the different node types (I-SS/G-SS/D2D-UEs) in different public safety deployment scenarios. The analysis is done for different number of timing propagation hops starting from 2. The results are presented in Figure 3.
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	Hotspot (100% Outdoors)
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	Indoor-Outdoor mix (20% Outdoors, 80% Indoors)
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Figure 3: Amount of I-SSs/G-SSs/D2D-UEs in different PS scenarios. Layout Option 5
(Uniform Outdoor, Hotspot Outdoor, Indoor-Outdoor Mix)

Observation 2
· The 4th timing propagation hop does not provide substantial 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. The negligible number of D2D UEs is observed when amount of hops is constrained by 3.
Proposal 2
· Further select between synchronization procedure #2 and #4 for multi-hop timing propagation.

· Continue discussion between 3 and 4 hops for multi-hop synchronization.

The analysis presented in Figure 3, 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 D2D-UEs (receivers). 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 was presented in [4] and summary is provided in section 5 of this document.
4 Discussion on the Last Synchronization Hop
There are two main options on the usage of the last timing propagation hop:

· Option 1. The last hop is used for reception only.

· Option 2. The last hop is used for reception and for D2D transmit timing.

The main difference between these two options is alignment of synchronization area with communication transmission range (see Figure 4). The latter is important to enable communication between synchronization areas and avoid the problem between D2D UEs. However it should be noticed that when the number of hops is increased, the probability to have overlapped synchronization areas increases substantially. From that perspective the requirement for communication between synchronization areas is satisfied by default.
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Figure 4: On the usage of last timing propagation hop
For option 1, in order to align synchronization and communication range, the D2D-UE that derives synchronization from the last timing propagation hop may be allowed to start transmitting synchronization signals when it has data for transmission. However, in this case the behavior of D2D transmitter and D2D receiver may have higher complexity and is likely to impose additional latency constraints on communication. For instance, the D2D transmitter may need to broadcast D2DSS in advance before actual data transmission, so that D2D receiver outside of the synchronization area can synchronize. Note that not only D2DSS but also PD2DSCH may need to be transmitted if it carriers information required for D2D reception. In addition, it is likely that several consecutive D2DSS transmissions will be necessary for D2D receiver to synchronize. Therefore, the option 1 is more natural and is more in-line with the current scanning operation.
Observation 3
· Increase of the maximum number of hops results in overlapped synchronization areas. In this case, the usage of the last hop for reception only or for transmission does not affect the overall system performance.
5 Neighborhood Coverage Ratio

As it was discussed in Section 3, the inter-synchronization source RSRP threshold can be introduced to decrease the number of simultaneously operating synchronization sources. The detailed RSRP threshold definition can be found in [4].
In this subsection, we analyze the impact of the inter-synchronization source RSRP threshold on the neighborhood coverage ratio (D2D receiver coverage ratio) depending on the amount of unique timings monitored by the UEs. Figure 5 shows the results for 4-hop synchronization procedure applied in out of coverage public safety scenarios.
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a) Layout Option 5: Outdoor
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b) Layout Option 5: Hotspot
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c) Layout Option 5: IO Mix


Figure 5: On the usage of last timing propagation hop
Observation 4
· The inter-synchronization source RSRP threshold only slightly affects the statistic of neighborhood coverage ratio.
· Monitoring of three unique timings results in more than 90% of neighborhood coverage ratio for 90% of UEs in outdoor scenarios and 70% of UEs in outdoor/indoor user mix scenario.
6 Neighborhood Transmit Timing Difference
In this section, we analyze the neighborhood transmit timing difference defined as transmit timing difference of UEs within association range of a given UE, relative to its own transmit timing. The analysis is based on the synchronization procedure number #4 and takes into account the propagation delays errors inherited by synchronization sources during synchronization procedure. In addition, we plot the time of arrival difference seen from the UE receiver perspective relative to its own transmit timing.
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Figure 6: Neighbourhood transmit timing difference (a) and time of arrival difference (b)
As it can be seen from Figure 6, the long communication distance and large propagation delays are observed in outdoor scenarios. The 4.7 us length of normal cyclic prefix is not sufficient to mitigate the inter-carrier interference caused by delayed signals and thus the extended cyclic prefix of 16.7us can be recommended for D2D transmissions.
Observation 5
· In outdoor scenarios, the neighborhood transmit timing difference is in the range [-3 us; 3 us] for 90% of terminals.
· The relative time of arrival difference is in the range [-1 us, 6 us] for 90% of terminals.
Based on the presented results we conclude that normal cyclic prefix may not be sufficient for D2D communication in out of coverage scenarios and thus the extended cyclic prefix is recommended.
Proposal 3
· The extended CP length is used for D2D communication in out of coverage scenarios.
7 Conclusions
In this contribution, we analyzed the amount of timing propagation hops needed for D2D synchronization in out of coverage scenario. Our system level analysis has shown that three and four timing propagation hops produce almost the same amount of the synchronization areas in all considered deployments. Based on this analysis it can be concluded that three timing propagation hops are sufficient for D2D synchronization in out of network coverage scenarios since the 4th hop does not decrease the amount of different synchronization areas. However, additional hop may be considered for reception only. Also, we analyzed the impact of the amount of unique timings on neighborhood coverage ratio showing that tracking of three unique timings may be sufficient to cover more than 90% of receivers for 90% of UEs. Moreover the analysis of the time of arrival difference relative to UE transmit timing has shown that extended cyclic prefix is needed for D2D communication in outdoor public safety scenarios. In summary, we have following proposals:
Proposal 1
· Adopt mechanisms of autonomous I-SS muting, when G-SS with hop count = 1 propagating timing from neighbor I-SS is detected.
Proposal 2
· Further select between synchronization procedure #2 and #4 for multi-hop timing propagation.

· Continue discussion between 3 and 4 hops for multi-hop synchronization
Proposal 3
· The extended CP length is used for D2D communication in out of coverage scenarios.
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Appendix A – System Level Evaluation Assumptions
	Parameter
	Value

	Deployment scenarios
	Out of coverage, Option 5, 57 cells, ISD = 1732m [1]
1) Uniform drop (100% outdoor),

2) Hotspot drop (100% outdoor),

3) Indoor-Outdoor mix drop (2 indoor hotspot buildings per sector, 80% indoor, 20% outdoor)

	D2D spectrum
	700 MHz @ 10 MHz

	Maximum TX power
	23 dBm

	Power control
	Maximum power transmission

	RSRP threshold
	-112 dBm

	Pathloss model
	According to [1]


� “Muting” means that I-SS (which detected G-SS with hop count 1) ceases its I-SS role by initiating SS re-selection procedure.
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