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1 Introduction

The synchronization procedure is one of the major open aspects that was discussed during the LTE Rel. 12 study item on proximity services [1]. In our companion contributions, we analyzed several multi-hop synchronization procedures [2] to evaluate the amount of synchronization hops and amount of unique timings [2] that may need to be monitored by the UEs. In this contribution, we discuss approach for reduction of the D2D synchronization source density and analyze its impact on the amount of asynchronous synchronization areas and D2D receiver coverage ratio.
2 On Amount of Synchronization Sources - Dense Scenarios
According to our analysis of multi-hop synchronization procedures presented in [2], there is a large number of UEs that serve as gateway synchronization sources (G-SSs) and relay the synchronization information from independent synchronization sources (I-SSs). The amount of G-SS nodes grows significantly with the increase of the hop count number.
The large number of synchronization sources may have a potential problems in dense deployment scenarios where amount of orthogonal resources is much less than the number of D2D-enabled terminals. For instance if synchronization sources with different hop counts transmit on the same resource it may cause reduction of the synchronization area size since some of the terminals may not be able to detect I-SS due to collided transmissions with one of the G-SSs, and thus these terminals will automatically increment synchronization hop count. In addition, when amount of synchronization resources is relatively small it will force more and more synchronization sources to occupy the same synchronization resources. Depending on D2DSS signal structure used by the synchronization sources the D2D receiver will receive a lot of SFN-like signals, distorted by different residual frequency offset errors relative to I-SS carrier frequency. As it was reported in [4], the SFN-like transmission degrades the carrier frequency offset estimation accuracy and thus more orthogonal resources is desirable to get accurate synchronization. Note that in dense scenarios with large number of SFN transmitters, this effect may be even stronger. In case, the D2DSS signal is composed from the different CDM codes, the strong interference from multiple synchronization sources may exist. For this scenario the estimation accuracy will mainly depends on the SIR ratio statistic, i.e. the power of the dominant synchronization source to the received power of signals from other synchronization sources. The latter will significantly depend on the UE density, amount of synchronization sources using the same synchronization resource and D2DSS processing gain.
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Figure 1: Reduction of synchronization source density.
Another disadvantage, to transmit synchronization signals by all D2D enabled UEs is the increased power consumption due to necessity of periodical signal transmission although terminal may not need to transmit data at all or do it occasionally. Also when two or more terminals are located close to each other there is no need for all of them to transmit synchronization signal since their transmission range is similar and one of the terminals can provide accurate timing to the terminals in the neighborhood.
In order to reduce, the amount of synchronization sources the simple rule based on D2DSS or synchronization source received power measurements (“RSRP” measurements) can be used by D2D enabled UEs to decide on the necessity of D2DSS transmission. This mechanism anyway will need to be applied for the partial coverage scenario for edge-of-cell UEs that derive and propagate the timing from the eNodeB.
The introduction of D2DSS received power measurement to reduce amount of synchronization sources may have a downside effect. For instance, the D2D receiver coverage ratio may be affected or the amount of asynchronous synchronization areas may slightly increase. In the next section, we analyze these effects by means of system level evaluation.
3 System Level Evaluation
In this section, we analyze synchronization procedure #4 described in [2] and evaluate how the received power threshold between synchronization sources affects system level metrics such as number of asynchronous synchronization areas and D2D receiver coverage ratio (see [3]).
For our evaluations, we introduce the inter-synchronization source RSRP threshold, so that if the received power of the D2DSS synchronization signal is below the predefined threshold the UE becomes synchronization source and start transmitting D2DSS signals according to the predefined synchronization procedure. In opposite case, the UE goes to the D2D-UE state [2] and does not autonomously transmits D2DSS signals.
3.1 Impact on Amount of Synchronization Areas

In this section, we analyze average number of different node type I-SS, G-SS, D2D-UEs for the cases with and w/o RSRP threshold (D2DSS received power value) between synchronization sources. The results for 3 and 4-hop synchronization procedure #4 are presented in Table 1 and Table 2 respectively.
Table 1: Average number of different node types (3 hops)

	3Hops,

Last Hop Rx
	I-SS
	G-SS
	D2D RX

	
	No RSRP
	RSRP
(-80dBm)
	No RSRP
	RSRP
(-80dBm)
	No RSRP
	RSRP
(-80dBm)

	Uniform
	6.3
	7.3
	1817.7
	847.1
	0
	969.6

	Hotspot
	6.5
	8.1
	1817.5
	511.3
	0
	1304.6

	IO Mix
	157.3
	178.3
	1666.7
	447.2
	0
	1198.5


Table 2: Average number of different node types (4 hops)

	4Hops,

Last Hop Rx
	I-SS
	G-SS
	D2D-UE

	
	No RSRP
	RSRP

(-80dBm)
	No RSRP
	RSRP

(-80dBm)
	No RSRP
	RSRP

(-80dBm)

	Uniform
	3.7
	4.3
	1820.3
	837.1
	0
	982.6

	Hotspot
	3.3
	4.4
	1820.7
	505.4
	0
	1314.2

	IO Mix
	126.7
	147.5
	1697.3
	479.4
	0
	1197.1


Observation 1
· Introduction of the inter-synchronization source RSRP threshold slightly increases the amount of asynchronous synchronization areas in all considered scenarios.
· Significant reduction of the amount of synchronization sources is observed when inter-synchronization source RSRP threshold is applied.

3.2 Impact on D2D Receiver Coverage Ratio

In this subsection, we analyze the impact of the inter-synchronization source RSRP threshold on the D2D receiver coverage ration depending on the amount of unique timings monitored by the UEs. Figure 2 shows the results for 4-hop synchronization procedure applied in out of coverage public safety scenarios. The same set of results but for the 3-hop synchronization procedure is given in the Appendix A.
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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 2: Impact of inter-synchronization source RSRP threshold on D2D receiver coverage ratio (4-hops).
Observation 2
· The inter-synchronization source RSRP threshold only slightly affects the statistic of D2D receiver coverage ratio.
· The slight performance loss in D2D receiver coverage ratio can be compensated by monitoring additional unique timing by the UE.
Proposal 1
· Consider to introduce inter-synchronization source RSRP threshold to reduce the density of synchronization sources.
4 Conclusions
In this contribution, we analyzed the impact of the inter-synchronization source RSRP threshold on the amount of asynchronous synchronization areas and D2D receiver coverage ratio. According to our analysis, the impact on the amount of asynchronous synchronization areas is small. The increase in the number of synchronization areas is not substantial and still much less comparing to the synchronization procedure without using I-SS muting by the synchronization source with hop count = 1. At the same time we also notice that degradation in the D2D receiver coverage ratio is also not substantial assuming that UE monitors 3 unique timings. The small loss can be overcompensated by monitoring additional unique timing by the UE.
Proposal 1
· Consider to introduce inter-synchronization source RSRP threshold to reduce the density of synchronization sources.
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Appendix A – Evaluation Results for 3-Hop Synchronization

In this section, we provide additional set of evaluation results for the synchronization procedure exploiting 3 hops. The impact of inter-synchronization source RSRP threshold is on D2D receiver coverage ratio is presented in Figure 3.
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b)  Layout Option 5: Hotspot

	[image: image7.emf]0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

D2D Receiver Coverage Ratio vs. Monitored Timings Number

Synchronization Procedure #4, 3 Hops                    

D2D Receiver Coverage Ratio

CDF

 

 

1 Timing

2 Timings

3 Timings

4 Timings

5 Timings

All Timings

1 Timing, -80 dBm

2 Timings, -80 dBm

3 Timings, -80 dBm

4 Timings, -80 dBm

5 Timings, -80 dBm

All Timings, -80 dBm


c) Layout Option 5: IO Mix


Figure 3: Impact of inter-synchronization source RSRP threshold on D2D receiver coverage ratio (3-hops).
Appendix B – 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]
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