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1. Introduction

UE-to-Network Relay topic in Further enhanced Device-to-Device study item [1] was also discussed during RAN 1 #88 [2]. The following agreements were achieved: 

Agreement: No evaluation scenarios for coverage scenario 2 and 3 as defined in TR36.746
R1-1704014
Draft LS on text proposal for Section 5.2 of the TR 36.746
Agreed in R1-1704105 [3]
In RAN1 #88bis [4], synchronization aspects related agreements in this study item are shown in the following.

Agreement
· Two types of Remote UEs are considered 

· Type 1 – UEs that have DL and SL reception capabilities 

· Type 2 – UEs that do not have SL reception capabilities

· Low complexity Remote UEs can have single RX chain 

· In unidirectional relaying case, the chain can be fixed to DL or FFS switched to SL for discovery

· In bidirectional relaying case, the receiver chain may be switched between DL and SL for discovery and communication

· In-coverage Relay UE can serve as a synchronization source for in-coverage Remote UE

In RAN1 #89 [5], synchronization aspects related agreements in this study item are shown in the following.

Agreement
· For sidelink communication in FeD2D, Remote UE does not transmit SLSS/PSBCH

· FFS for the case when Relay and Remote UEs use different asynchronous reference cells 
· FFS on Remote UE’s SLSS/PSBCH transmission for sidelink discovery in FeD2D 

· SLSS/PSBCH format in Rel-12/13 can be reused for FeD2D at least for 6 PRB bandwidth limited UEs.

· FFS for 1 PRB BW limited UEs 
Based on the above-mentioned agreements, in this paper, we will discuss the synchronization considerations for UE-to-Network Relay including the collision issue in all those scenarios where in-coverage remote UE simultaneously receives more than one sidelink synchronization signals (SLSS) from more than one synchronization sources, i.e. multiple in-coverage relay UEs. We provide simulation results of synchronization source ID detection to show the impact due to above-mentioned collision issue.  Based on the simulation results, we conclude that the impact of collision issue is significant for synchronization aspect in feD2D scenarios.
2. Synchronization Considerations for UE-to-Network Relay 
In the section, we will introduce two use cases that can benefit from the synchronization and re-synchronization procedures in the coverage enhancement of eNB’s timing. One use case is for the in-coverage (InC) Remote UEs, which are in the edge of the shadow region. Another use case is for in-coverage (InC) Remote UEs, which are near the cell edge. 
However, there will be collision issue when we extend eNB’s timing for the two use cases. The issue will also be discussed in this section.
2.1. Coverage enhancement of eNB’s timing for remote UEs
Figure 1 shows the illustration of the coverage enhancement of eNB’s timing for an in-coverage remote UE, which is in the edge of the shadow region. In the figure, the in-coverage remote UE, which is in the edge of the shadow region, may not be able to pick up the eNB’s timing directly when the strength of the received synchronization signal (PSS/SSS) from eNB is not adequate enough. Fortunately, the in-coverage remote UE still may synchronize to the eNB’s timing when there is a nearby in-coverage synchronization source/ Relay UE. The in-coverage remote UE may receive the SLSS sent from the in-coverage relay UE, and then in-coverage remote UE can synchronize to the eNB’s timing through the in-coverage relay UE. Hence, the eNB’s timing may be extended to the in-coverage remote UEs, which are in the edge of the shadow region.

Observation 1: The eNB’s timing may be extended to the in-coverage (InC) remote UEs, which are in the edge of the shadow region, through the nearby in-coverage synchronization sources.
Similarly, Figure 2 shows the illustration of the coverage enhancement of eNB’s timing for an in-coverage remote UE, which is near the cell edge. In the figure, the in-coverage remote UE, which is near the cell edge, may not be able to pick up the eNB’s timing directly when the strength of the received synchronization signal (PSS/SSS) from eNB is not adequate enough. Fortunately, the in-coverage remote UE still may synchronize to the eNB’s timing when there is a nearby in-coverage synchronization source/ relay UE. The in-coverage remote UE may receive the SLSS sent from the in-coverage relay UE, and then the in-coverage remote UE can synchronize to the eNB’s timing through the in-coverage relay. Hence, the eNB’s timing may be extended to the in-coverage remote UEs, which are near the cell edge.

Observation 2: The eNB’s timing may be extended to the in-coverage (InC) remote UEs, which are near the cell edge, through the nearby in-coverage synchronization sources.
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Figure 1: The coverage enhancement of eNB’s timing for an in-coverage (InC) remote UE, which is in the edge of the shadow region
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Figure 2: The coverage enhancement of eNB’s timing for an in-coverage (InC) remote UE, which is near the cell edge
2.2. Considerations of collision issue when we extend eNB’s timing
Collision issue should be considered when we extend eNB’s timing to an in-coverage remote UE, which is in the edge of the shadow region. The illustration of the use case can be shown in Figure 3. In the figure, the in-coverage remote UE, which is in the edge of the shadow, may receive two different SLSS sequences at the same time from two different nearby in-coverage synchronization sources, i.e. InC Relay UE1 and InC Relay UE2, respectively. The two received SLSSs will interfere to each other and the collision issue may occur. Hence, the in-coverage remote UE, which is in the edge of the shadow, may not correctly detect the ID of synchronization source. 

Similarly, the collision issue also should be considered when we extend eNB’s timing to an in-coverage remote UE, which is near the cell edge. The illustration of the use case can be shown in Figure 4. In the figure, the in-coverage remote UE, which is near the cell edge, may receive two different SLSS sequences at the same time from two different nearby in-coverage synchronization sources i.e. InC Relay UE1 and InC Relay UE2, respectively. The two received SLSS sequences will interfere to each other and the collision issue may occur. Hence, the in-coverage remote UE, which is near the cell edge, may not correctly detect the ID of synchronization source. 
Observation 3: Collision issue should be considered when in-coverage remote UE receives multiple synchronization signals from multiple in-coverage synchronization sources
Proposal 1: Collision issue should be considered when eNB’s timing are extended to an in-coverage remote UE, which is in the edge of the shadow region and/or near the cell edge, receives multiple sidelink synchronization signals from multiple in-coverage synchronization sources in the same cell.
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Figure 3: An illustration of collision issue when we extend eNB’s timing to an in-coverage (InC) remote UE, which is in the edge of the shadow region
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Figure 4: An illustration of collision issue when we extend eNB’s timing to an in-coverage (InC) remote UE, which is near the cell edge
2.3. Impact due to collision issue
Collision issue will result in interference due to the received multiple synchronization signals (SS) and non-perfect autocorrelation and cross-correlation properties for SS sequences when we detect SLSS, including primary SLSS (PSLSS) & secondary SLSS (SSLSS), in the receiver. In the following, we will consider multi-path effect and mathematically show the impact. For simplicity, we neglect noise, and the time domain received signal with multi-path effect can be expressed as follows,
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where pj(n) and r(n) are the time domain j-th transmitted synchronization signal and received signal, respectively. ci,j is the complex channel gain for the i-th path and j-th transmitted synchronization signal, the delay is i sample time, the number of transmitted synchronization signals is L, and the number of total paths is M. When we match the received signal with the candidates of synchronization signals for SLSS detection, where the candidates of synchronization signals are pu(n), u=1,2,3,…,L, the matching operation for the SLSS detection can be expressed as follows,
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               (2)

where u and j are the indices of the synchronization signal sequences. Besides, Ju(m-i) and Qj,u(m-i) are autocorrelation and cross-correlation for the synchronization signals, respectively, that can be expressed as follows,
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where m is the time shift index, “*” denotes complex conjugate operation, and N is the length of the synchronization sequences. 
From the equations (2)-(4), we can see that the interference caused by collision issue results from the received multiple SS sequences and the non-perfect autocorrelation and cross-correlation properties of SS sequences for the SLSS detection. Besides, the interference is significant when the number of the received SS sequences is large, the channel gains of the multiple received SS sequences are equal-strength, and the autocorrelation and cross-correlation properties for the SS sequences are worse. 

From the agreements in RAN1#89, SLSS/PSBCH format in Rel-12/13 can be reused for FeD2D at least for 6 PRB bandwidth limited UEs. The autocorrelation and cross-correlation properties for the SS sequences have been determined. Hence, the impact of collision issue is significant when the number of SLSS sequences is large and the channel gains of multiple received SS sequences are equal-strength. For example, the collision issue is significant when the remote UEs are located in the overlapped area among the coverages of neighboring Relay UEs, i.e. the gray area as shown in Figure 5. Moreover, the worse case of collision issue will be happened more frequently, i.e. the overlapped area among the coverages of neighboring Relay UEs will become larger, when the number of relay UEs increases or the locations of relay UEs are not uniform distributed.
Observation 4: The impact of collision issue is significant when the channel gains of multiple received SS sequences are of equal-strength. Especially, in all those cases where the number of relay UEs increases or the locations of relay UEs are not uniformly distributed.
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Figure 5: An illustration of collision issue when the remote UEs are located in the overlapped area among coverages of neighboring Relay UEs
3. Simulation Results
Performance results of synchronization source ID detection at different number of received SLSS sequences over a NLOS channel with different carrier frequencies & UE speeds are evaluated in this section. “Sync. source ID detection probability” as shown in the simulation result is used to evaluate the performance of PSLSS & SSLSS detection. It indicates the probability that the synchronization source ID is correctly detected, including correct detection for both PSLSS and SSLSS. The link level evaluation assumptions include as follows:
Carrier frequency is 2GHz for scenario 1 and 700MHz for scenario 2, subcarrier spacing is 15KHz, UE speed is 3km/h for scenario 1 and 60km/h for scenario 2, and carrier frequency offset (CFO) is 0.2ppm & 20ppm, and so on, as shown in Table 1 in the Appendix. The normalized Doppler frequency is very small and can be neglected. For the PSLSS and SSLSS detection in the simulation for all cases, CFO hypotheses method is used to reduce the impact due to large CFO. Besides, one, two, four and eight SLSS sequences with equal-strength channel gains are received simultaneously in our simulation to show the worse case for the impact of the collision issue.
Performance comparisons of synchronization source ID detection at different number of received SLSS sequences over a NLOS channel with carrier frequency=2GHz & UE speed=3km/h for CFO=0.2ppm and CFO= 20ppm are shown in Fig. 6(a) and Fig. 6(b), respectively. Besides, performance comparisons of synchronization source ID detection at different number of received SLSS sequences over a NLOS channel with carrier frequency=700MHz & UE speed=60km/h for CFO=0.2ppm and CFO= 20ppm are shown in Fig. 7(a) and Fig. 7(b), respectively.
We are interested in the simulation results at the condition of SNR=-2dB and 0dB because the synchronization source ID detection probability should be up to 90%~95% for 1 received SLSS case. 
From the simulation results, we can observe that the performances of synchronization source ID detection probability in the cases of 2, 4, and 8 SLSS sequences received simultaneously are below 90%, 75% and 65%, respectively, for the simulation results at the condition of SNR=-2dB and 0dB. Therefore, the impact of collision issue is significant for these cases.
Besides, the performance degradation due to large CFO (i.e. 20ppm) for the cases of 2, 4, and 8 SLSS sequences received simultaneously are not significant for all the simulation results at the condition of SNR=-2dB and 0dB. This is because that interference caused by collision issue for these cases are dominant, compare to the impact of large CFO effect.
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Figure 6: Performance comparisons of synchronization source ID detection at different number of received SLSS sequences over a NLOS channel with carrier frequency=2GHz & UE speed= 3km/h for (a) CFO= 0.2ppm and (b) CFO= 20ppm
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Figure 7:  Performance comparisons of synchronization source ID detection at different number of received SLSS sequences over a NLOS channel with carrier frequency=700MHz & UE speed= 60km/h for (a) CFO= 0.2ppm and (b) CFO= 20ppm
Observation 5: Performance of synchronization source ID detection probability in the cases 2, 4, and 8 SLSS sequences received simultaneously are below 90%, 75% and 65%, respectively, for the simulation results at the condition of SNR=-2dB and 0dB. Therefore, the impact of collision issue is significant for these cases.
4. Conclusions
This paper discussed considerations and evaluation for collision issue when a remote UE receives more than one SLSS sequences. We have below observations and proposals,

Observation 1: The eNB’s timing may be extended to the in-coverage (InC) remote UEs, which are in the edge of the shadow region, through the nearby in-coverage synchronization sources.
Observation 2: The eNB’s timing may be extended to the in-coverage (InC) remote UEs, which are near the cell edge, through the nearby in-coverage synchronization sources.
Observation 3: Collision issue should be considered when the in-coverage remote UE receives multiple synchronization signals from multiple in-coverage synchronization sources.
Observation 4: The impact of collision issue is significant when the channel gains of multiple received SS sequences are of equal-strength. Especially, in all those cases where the number of relay UEs increases or the locations of relay UEs are not uniformly distributed.
Observation 5: Performance of synchronization source ID detection probability in the cases 2, 4, and 8 SLSS sequences received simultaneously are below 90%, 75% and 65%, respectively, for the simulation results at the condition of SNR=-2dB and 0dB. Therefore, the impact of collision issue is significant for these cases.
Proposal 1: Collision issue should be considered when eNB’s timing are extended to an in-coverage Remote UE, which is in the edge of the shadow region and/or near the cell edge, receives multiple sidelink synchronization signals from multiple in-coverage synchronization sources in the same cell.
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6. Appendix
                                                             Table 1. Link level evaluation assumptions
	Carrier frequency
	2 GHz for scenario 1, 700MHz for scenario 2

	Bandwidth
	10MHz

	Subcarrier spacing
	15 KHz

	SNR
	 -6dB, -4dB, -2dB and 0dB

	UE speed
	3km/h for scenario 1, 60km/h for scenario 2

	PSS/SSS multiplexing 
	TDM

	TRP/UE antenna configuration
	1Tx & 1Rx antenna

	Frequency offset
	0.2ppm, 20ppm 

	Channel model
	Umi NLOS channel based on TR 36.843

	Number of received SLSS simultaneously
	One, two, four and eight SLSS with equal-strength channel gains are received simultaneously
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