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1 Introduction

At the RAN1#74bis, the synchronization aspects for support of D2D operation in LTE technology were discussed for 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.
In this contribution, we provide further link level analysis of the synchronization performance for timing and carrier frequency offset synchronization errors assuming different values of the initial frequency error and using agreed by RAN1 WG channel models. In addition, we provide system level studies analyzing amount of multi-hop timings in different deployment scenarios. Our views on D2D synchronization design options and procedures are discussed in our companion contribution [3].
2 D2DSS Synchronization Signal Design

For synchronization purposes, it is preferable, to reuse the existing synchronization signals defined in LTE, if those meet synchronization requirements. The latter one needs to be confirmed once information on frequency oscillator stability is provided by the RAN4 WG. In general the PSS and SSS signals can be considered as good candidates and should be given a higher priority for analysis. The periodicity of PSS signal transmission should be further studied based on feedback from RAN4 WG on the frequency offset error of UE terminals. The transmission of both PSS and SSS signals may be necessary to simplify the timing estimation, avoid estimation of the composite channel if it happens that several peer radio heads (PRHs) transmit PSS sequence in overlapped resources. In general, the usage of one of three PSS sequences may be sufficient to serve as a common preamble for initial acquisition. The SSS signal may serve for identification of the particular PRH broadcasting synchronization signal.

In order to avoid confusion of legacy terminals operating in TDD band, the frequency shift or modified PSS signal may need to be considered, taking into account the 100 kHz LTE channel raster.

To simplify the timing estimation, the repeated PSS and SSS signal transmission with cyclic timing prolongation may be considered, however the physical structure need to be updated to avoid inter-symbol/carrier interference, when FFT window is positioned across the repeated synchronization signal boundaries. From the implementation complexity perspective the saving due to repeated PSS transmissions may not be significant, oppositely it will require additional implementation efforts and modification of receive processing to estimate the timing of the 1st PSS transmitted symbol and resolve ambiguity of the cross-correlation peaks. Alternatively, the consecutive PSS and SSS transmissions may be considered and provide similar performance characteristics.

In general, we believe that discussion on the details of synchronization signal design for out of network coverage scenario and whether the changes to LTE synchronization signals are needed requires feedback from RAN4 WG on frequency accuracy/stability. In the next section we provide initial link level analysis of timing error assuming subsequent transmission of PSS/SSS signal.
3 Link Level Analysis

In this section, we provide link-level analysis of the timing and frequency estimation errors, assuming different initial frequency offsets. The considered in this study D2DSS is based on periodic transmission of consecutive PSS/SSS signals. The modified IMT-Advanced UMi channel model with dual mobility support is used for analysis. The other link-level evaluation parameters are listed in Appendix A.
3.1 Timing Estimation Error
In our previous contribution [2], the timing estimation errors were studied for AWGN and EPA-5Hz channel models. In this contribution we provide further analysis using dual mobility channel models agreed by RAN1 WG for D2D evaluations.
3.1.1  Impact of Multipath

In this sub-section, we analyze timing estimation error for LOS and NLOS channel models assuming no frequency offset error and different PSS periodicities 10, 40 and 160 ms. In given analysis, for timing estimation we use cross-correlation algorithm. The results are shown in Figure 1
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	Figure 1: CDF of timing estimation error for different transmission periods in LOS (a) and NLOS (b) channels.


Observation 1:
· The timing estimation is sensitive to the multipath, especially in low SNR region.

· At the SNR levels around -2dB the acceptable timing estimation performance is achieved in both LOS and NLOS channels using PSS only processing.
3.1.2 Impact of Frequency Offset

In this sub-section, we analyze the impact of carrier frequency offset on initial timing estimation error for LOS and NLOS channel models assuming no frequency offset error estimation and compensation and using PSS signal only. The link level results are shown in Figure 2.
	[image: image3.emf]-5 -4 -3 -2 -1 0 1 2 3 4 5

x 10

-7

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Timing Estimation Error, IMT-A UMi LOS, 3km/h, 1 Accum, 2 Rx Ant, No IFO Compensation

Timing estimation error, seconds

CDF

 

 

SNR = -2 dB, FO=-500..500 Hz

SNR = -7 dB, FO=-500..500 Hz

SNR = -2 dB, FO=-5000..5000 Hz

SNR = -7 dB, FO=-5000..5000 Hz

SNR = -2 dB, FO=-20000..20000 Hz

SNR = -7 dB, FO=-20000..20000 Hz

SNR = -2 dB, FO=-40000..40000 Hz

SNR = -7 dB, FO=-40000..40000 Hz


(a)
	[image: image4.emf]-5 -4 -3 -2 -1 0 1 2 3 4 5

x 10

-7

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Timing Estimation Error, IMT-A UMi NLOS, 3km/h, 1 Accum, 2 Rx Ant, no IFO Compensation 

Timing estimation error, seconds

CDF

 

 

SNR = -2 dB, FO=-500...500 Hz

SNR = -7 dB, FO=-500...500 Hz

SNR = -2 dB, FO=-5000...5000 Hz

SNR = -7 dB, FO=-5000...5000 Hz

SNR = -2 dB, FO=-20000...20000 Hz

SNR = -7 dB, FO=-20000...20000 Hz

SNR = -2 dB, FO=-40000...40000 Hz

SNR = -7 dB, FO=-40000...40000 Hz


(b)

	Figure 2: Timing estimation error w/o CFO compensation in LOS (a) and NLOS (b) channel.


The initial timing acquisition may suffer from the large frequency offset between transmitter and receiver. While the PSS design was optimized to cope with large fractional frequency offset, it may not show good performance if integer carrier frequency offset (multiple of subcarrier spacing) exists. At the same time, for initial timing search it is desirable to avoid frequency offset hypothesis testing (or keep it limited) and thus new physical signal may need to be considered if initial carrier frequency offset is happened to be much larger than subcarrier spacing based on RAN4 WG feedback.

Observation 2:
· Large frequency offset may lead to significant degradation of initial timing estimation if it is not compensated. The compensation of frequency offset for initial timing estimation complicates initial timing estimation.
3.1.3  Accumulation and Sampling Offset
The large sampling frequency offset may complicate/degrade initial timing estimation if non-coherent accumulation is used to improve performance of the initial timing. When mutual sampling offset between TX and RX is large and/or duty cycle of synchronization signal transmission is low, the cross-correlation peak in search window may shift on N samples from the RX perspective. The parameter N depends on the clock offset and duty cycle of the synchronization signal transmission. The additional (second order) post-processing may need to be applied to improve timing estimation performance at the expense of increased latency for initial timing estimation. The reliable one shot timing estimation is more desirable from system perspective.
3.2 Frequency Offset Estimation Error
In this section, we analyze the residual carrier frequency offset error after compensation of the integer and fractional frequency offset by using PSS and SSS signals. For estimation of integer carrier frequency offset, the algorithm based on cross-correlation in frequency domain was used. For estimation of fractional offset the Moose’s algorithm was applied. The link level simulation results of the residual frequency offset error are shown in  REF _Ref370579890 \h 
Figure 3:
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	Figure 3: CDF of residual frequency offset estimation error in LOS (a) and NLOS (b) channels.


The one short estimation of the carrier frequency offset may need to be further improved to achieve residual frequency error within +/-0.1 ppm. Once timing is established the repeated D2DSS transmission may be utilized to further improve residual frequency offset error and keep it close to the cellular requirements.
Observation 3:
· The residual frequency offset error based on the one-shot frequency estimation may need to be further improved by multi-shot processing of D2DSS signals.
4 System Level Analysis
In this section, we provide analysis of the number of timings that may be potentially detected by each UE terminal in out of network coverage public safety deployment scenarios. For analysis we use system-level assumptions defined for broadcast communication studies [4].
In out of network coverage scenario, we assume that terminals are dropped sequentially and use methodology that UE terminal scans for the presence of D2DSS signals before it starts transmission of its own synchronization signals. If D2DSS is not detected then terminal is allowed to transmit its own D2DSS synchronization signal and establish local synchronization area. 
Since the D2D UE should operate in multiple scenarios including within/partial/out of network coverage scenario, the D2D synchronization procedure should be similar to synchronization operation in existing cellular network. For analysis we consider three types of nodes involved into the synchronization process: 

1) Independent synchronization source (I-SS) – the node which transmits D2DSS and does not derive timing from the other synchronization sources.
2) D2DSS Receiver –The node that detects and derives timing from the broadcasted D2DSS but does not autonomously transmits D2DSS.

3) G-SS – Gateway synchronization source. This node derives timing from I-SS and also retransmits D2DSS.
In practice, the I-SS selection procedure may depend on multiple system parameters. The node with the highest number of connections, largest battery capacity, transmit power or based on higher layer priorities can be assigned to serve as I-SS. In this paper two scenarios of I-SS assignment based on received D2DSS power measurements are considered:
· Scenario 1. (Single hop timing propagation). In this scenario, we assume that UE scans D2DSS and if D2DSS is not detected (i.e. not within -112dBm RSRP threshold) then it starts transmission of its own synchronization signals and becomes an I-SS. The new arrived terminal becomes I-SS only if is not able to detect PRH within -112dBm RX power. The terminal that detects I-SS associates to it and does not transmit D2DSS. In current scenario, we analyze the amount of I-SS nodes that can be potentially detected by terminals.
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Figure 4: Scenario 1 – Single hop timing
· Scenario 2 (Two hop timing propagation). In this scenario, we consider I-SS and G-SS. The G-SS derives timing from I-SS and propagates it to the neighborhood extending local synchronization area. For analysis we assume that each UE which is not able to detect any I-SS or G-SS becomes new I-SS. The terminal that detects I-SS may become G-SS, if received power from the I-SS and/or associated with it G-SS does not exceed predefined RSRP thresholds: G-SS – I-SS and G-SS – G-SS used to control maximum coupling between nodes. The illustration of two hop timing propagation is shown in Figure 5.
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Figure 5: Scenario 2 – Two hop timing
Table 1 shows the average number of I-SSs for the single hop scenario.

	
	Uniform Drop
	Hotspot Drop
	Indoor/Outdoor Mix

	Average amount of I-SSs per deployment
	59
	55
	281 /133 virtual indoor / 113 indoor / 35 outdoor

	Average amount of one hop timings seen by UE
	3.17
	2.95
	1.66
(virtual indoor 1.15 / indoor 1.23 / outdoor 3.21)


Table 1: Amount of I-SSs per deployment
Observation 4:
· For uniform and hotspot user drop, the average number of I-SSs is close to the number of cells in case of within network coverage.
· For indoor-outdoor user mix scenario:

· the average number of indoor (in building) I-SSs is almost the same as the number of dropped buildings;

· almost all virtual indoor UEs serve as I-SSs with high probability;
· small amount of outdoor UEs serve as I-SS;
· For two hop timing, the amount of I-SSs will further reduce.
In Figure 6, we analyze distribution of the amount of one hop (from I-SS) and two hop timings (from the best G-SS of unique I-SS) seen by the UEs for the case of two hop timing propagation. In order to reduce the amount of G-SS sources we applied thresholds for I-SS↔G-SS link and G-SS↔G-SS link that derive timing from the same I-SS.
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	Figure 6: CDF of one hop and two hop timings
(a) Uniform Drop, (b) Hotspot Drop, (c),(d) Indoor/Outdoor Mix UE drop cases


Observation 5:

In case of two hop timing propagation:

· The amount of one hop timings (I-SS) that can be potentially detected by UEs does not exceed 4 in all considered scenarios.
· Depending on the scenario from 10 to 20% of terminals are out of I-SS synchronization range.
· The amount of two-hop timings from the unique I-SSs varies depending on the considered deployment:
· In hotspot and uniform user drop scenario, the majority of UEs (>90%) detect less than 10 timings (about 6-7 in average)
· In indoor-outdoor user mix scenarios, the majority of indoor UEs (>90%) detect less than 4 timings, and outdoor users detect 10 timings in average.

In this contribution, we provided initial study of simplified procedure for I-SS and G-SS selection among terminals in out of network coverage scenarios in order to get rough estimate on the amount of timings that UE may need to monitor. The considered approach is based on the scanning of D2DSS signals and autonomous selection of I-SS/G-SS/ D2DSS Receiver modes. It should be noted that the amount of timings that can be detected by the UEs may significantly depend on the I-SS and G-SS selection procedure. The further study of autonomous I-SS/G-SS selection procedures is needed in order to reduce the amount timings that may need to be monitored by UEs. One of the approaches that may be further considered is to increase the amount of timing propagation hops. The considered example with two-hop timing propagation aims to extend local synchronization area of I-SS, however many synchronization boundaries may exist in deployment area and thus if I-SSs are not further synchronized through G-SSs, the asynchronous interference may exist although its impact may be reduced significantly and needs to be further studied.
Proposal 1:
· Mechanisms of SS selection to minimize the amount of D2DSS transmissions, extend the local synchronization area and reduce amount of UE timings should be further studied.

5 Conclusions
In this contribution, we provided initial analysis of synchronization aspects for D2DSS signals based on PSS/SSS signals. We analyzed the timing estimation performance for different values of carrier frequency offset. In addition, the system level analysis, aiming to roughly estimate the amount of UE timings in case of two-hop timing propagation in scenario with independent synchronization sources was conducted. In summary we have following observations:
Observation 1:
· The timing estimation is sensitive to the multipath, especially in low SNR region.

· At the SNR levels around -2dB the acceptable timing estimation performance is achieved in both LOS and NLOS channels using PSS only processing.

Observation 2:
· Large frequency offset may lead to significant degradation of initial timing estimation if it is not compensated. The compensation of frequency offset for initial timing estimation complicates initial timing estimation.
Observation 3:
· The residual frequency offset error based on the one-shot frequency estimation may need to be further improved by multi-shot processing of D2DSS signals.

Observation 4:

· For uniform and hotspot user drop, the average number of I-SSs is close to the number of cells in case of within network coverage.

· For indoor-outdoor user mix scenario:

· the average number of indoor (in building) I-SSs is almost the same as the number of dropped buildings;

· almost all virtual indoor UEs serve as I-SSs with high probability;

· small amount of outdoor UEs serve as I-SS;

· For two hop timing, the amount of I-SSs will further reduce.

Observation 5:

In case of two hop timing propagation:

· The amount of one hop timings (I-SS) that can be potentially detected by UEs does not exceed 4 in all considered scenarios.

· Depending on the scenario from 10 to 20% of terminals are out of I-SS synchronization range.

· The amount of two-hop timings from the unique I-SSs varies depending on the considered deployment:

· In hotspot and uniform user drop scenario, the majority of UEs (>90%) detect less than 10 timings (about 6-7 in average)

· In indoor-outdoor user mix scenarios, the majority of indoor UEs (>90%) detect less than 4 timings, and outdoor users detect 10 timings in average.

Proposal 1:
· Mechanisms of SS selection to minimize the amount of D2DSS transmissions, extend the local synchronization area and reduce amount of UE timings should be further studied.
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Appendix A: Link Level Simulation Parameters
	Parameter
	Value

	UE Antennas
	2 antennas, correlated, co-polarized

	Channel model
	IMT-Advanced UMi, modified according to [2] 

	Carrier frequency
	2GHz

	System Bandwidth
	10 MHz

	UE speed
	{3 km/h, 3km/h}
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