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1. Introduction

The D2D operation should be supported in a variety of different deployment scenarios including in-coverage, partial coverage and out of coverage. In the in coverage case, D2D nodes can be located either in the same cell or in different cells (i.e. intra-cell and inter-cell operation) In addition, the D2D functionality needs to be supported in both synchronous and asynchronous deployments. The RAN4 demodulation requirements need to ensure proper UE operation in all these scenarios and one of the key factors which needs to be taken into account is the receive signal timing model including D2D receiver FFT window timing selection and timing errors/offsets. For D2D signals, both transmit timing model and propagation timing statistics are different comparing to the conventional WAN communication. In many cases, D2D receivers need to rely on the post-FFT compensation of the time offsets and this can impose certain challenges for D2D receiver implementations and performance. Therefore, a realistic receive signal timing error model needs to be considered in RAN4 demodulation requirements.
In this contribution, we share our views on the D2D transmit / receive timing model as well as describe different sources of timing errors observed at the D2D receiver side. In addition, we provide results of the system-level analysis of the signal propagation timing in the typical D2D deployments.
2. Discussion
From the D2D demodulation requirements perspective two main question need to be addressed:

1) D2D receiver FFT window timing: The LTE specification defines the procedure for the D2D signals transmit timing only, meanwhile for the D2D receiver the FFT window timing is not defined and is up to UE implementation. Although UE can perform certain optimization in terms of the FFT window setting, for the minimum performance requirements definition, common assumptions need to be defined.

2) D2D receiver timing errors: The demodulation requirements need to be defined under realistic assumptions of the receiver side timing errors observed in the practical networks. So, detailed analysis of the potential sources of timing errors is required.
Two possible synchronization scenarios were defined for the D2D operation: 
1) WAN based time synchronization when D2D UEs derive sync from the eNodeB. This type of synchronization can be applied for the in-coverage intra-cell and synchronous inter-cell scenarios when both D2D transmitters and receivers derive time synchronization based on WAN signals (PSS/SSS).
2) Direct time synchronization when D2D UEs derive sync using SLSS. This type of synchronization is assumed to be used in the in coverage asynchronous inter-cell, partial coverage and out of coverage scenarios.
Further, we provide our views on the D2D receiver FFT window timing and D2D receiver timing errors model for the two specified synchronization scenarios.

2.1 WAN based time synchronization

Depending on the D2D transmission type either DL or UL based D2D signal transmit timing can be used and the resulting receive signal timing model would be different. The latter one is used for the PSSCH Mode 1 transmissions only, while DL timing is used for all remaining D2D physical channels.
2.1.1 DL transmit timing

In case of WAN based time synchronization and DL transmit timing there are several potential approaches to set the D2D receive timing window and further analysis on the pros/cons of different options is required:

1) Intra-cell scenario

a. D2D receive timing is aligned with the serving cell DL timing. 
2) Inter-cell scenario (synchronous):

a. Option 1: D2D receive timing is aligned with the serving cell DL timing.
b. Option 2: D2D receive timing is aligned with the neighboring cell DL timing.
The time offset observed at the D2D receiver side would depend on the following factors:

1) D2D transmitter cellular timing accuracy: When DL timing is used for D2D transmissions the transmit timing accuracy can be assumed to be equal to ±12 Ts for BW ≥ 3MHz (same as cellular TX timing accuracy) [1].

2) D2D receiver cellular timing accuracy: Assuming that D2D receiver applies FFT window in accordance to the DL timing, the accuracy would depend on the DL timing measurement accuracy and will be equal ±12 Ts similar to the transmitter side.

3) Inter-cell synchronization accuracy would affect the receive signal timing error for the inter-cell scenario in case the receive timing is derived from the serving cell DL. The eNB synchronization requirements are defined in [2] for the TDD networks (for FDD synchronous network similar requirements can be assumed). In particular, the cell phase synchronization accuracy measured at BS antenna connectors shall be better than 3 µs for cells with radius < 3km. Hence, the timing error imposed by imperfect eNB synchronization can be limited by ±3 µs (±92Ts). Larger errors can be experienced in case of larger cell size. In case UE derives D2D RX timing based on the neighboring cell DL timing, the cell phase synchronization accuracy would not affect D2D timing errors since both D2D TX and RX nodes derive synchronization from the same eNB.
4) D2D signal propagation timing which would depend on the propagation between the eNodeB and D2D TX/RX nodes and between D2D TX and RX nodes. The simplified time offset model which takes into account the signal propagation effects only is illustrated in Figure 1 for the intra-cell in-coverage scenario. It can be seen that in case D2D receiver sets the FFT window in accordance to the serving cell DL timing, the overall D2D signal timing offset would depend on the difference of DL timing of D2D TX/RX nodes as well as propagation timing between the D2D TX and RX nodes. Further system-level analysis is needed to derive realistic model and more details can be found in Section 3.
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Figure 1. D2D receive time offset model (WAN based time synchronization, DL transmit timing)

Proposal #1: For the case of WAN based time synchronization and DL-based D2D TX timing, the D2D RX timing is equal to the DL RX timing:

· The serving cell DL RX timing is used for the in coverage intra-cell scenario. 
· FFS whether serving cell or neighbouring cell DL timing is used for the synchronous inter-cell in coverage scenario.

2.1.2 UL transmit timing

When UL based D2D transmit timing is used, D2D timing advance (TA) information is additionally provided via PSCCH to inform D2D receiver on the timing offset used at the D2D transmitter side. For the D2D receiver timing window setting, in case of the reception of signals from one D2D source UE can use the signaled D2D transmitter TA value and apply the respective timing window shift with respect to the DL reception timing. Same as for the DL transmit timing case either serving cell or neighboring cell DL timing reference can be used for the purpose of the receive timing selection.

Similar to the DL transmit timing case, the time offset observed at the D2D receiver side would depend on the cellular measurements accuracy, signal propagation conditions between the eNB and D2D TX/RX nodes and possibly on the inter-cell synchronization accuracy. In addition to that, the exact timing would depend on the D2D TA command accuracy which has ±8Ts granularity.

An example of time offset model, which takes into account the signal propagation effects and D2D TA command is illustrated in Figure 2. Further we assume that to derive D2D RX timing UE applies signaled D2D TA value (TAUE1_SA) relative to its own cell DL reception timing to derive the expected D2D RX timing.
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Figure 2. D2D receive time offset model (WAN based time synchronization, UL transmit timing)

Proposal #2: For the case of WAN based time synchronization and UL-based D2D TX timing, for the single D2D link reception case the D2D RX timing is equal to the DL RX timing minus D2D TA command:

· The serving cell DL RX timing is used for the in coverage intra-cell scenario. 

· FFS whether serving cell or neighbouring cell DL timing is used for the synchronous inter-cell in coverage scenario.

2.2 Direct time synchronization
For the in-coverage asynchronous inter-cell scenarios and the partial or out of coverage scenarios, the D2D receivers derive time synchronization based on D2D synchronization signals (SLSS). For the purpose of the definition of the minimum performance requirements the following assumptions on the D2D RX timing window can be made:

1) DL based D2D TX timing: The D2D RX timing window can be set equal to the SLSS receive timing

2) UL based D2D TX timing: The D2D RX timing window can be set equal to the SLSS receive timing with compensated D2D TA offset.
3) SLSS based D2D TX timing (out of coverage): The D2D RX timing window can be set equal to the SLSS receive timing.

In all cases, the resulting timing accuracy would depend on the corresponding SLSS based timing measurements accuracy which itself depends on several factors: 

1) SLSS signal estimation accuracy. The SLSS timing estimation accuracy is same as for the cellular case and is equal to ±12 Ts.
2) SLSS SFN transmission error. Since the SLSSs are transmitted in the SFN the actual measured receive timing may be different comparing to the timing of the particular D2D link. This error would depend on the actual D2D deployment and also on the synchronization procedure.
Proposal #3: For the case of direct SLSS based time synchronization, the D2D RX timing is defined as follows:

· For the DL-based and SLSS-based D2D TX timing, the D2D RX timing is equal to the SLSS based receive timing.

· For the UL-based D2D TX timing, the D2D RX timing is equal to the SLSS based receive timing minus D2D TA command.

2.3 Summary

The summary of our views on the D2D TX/RX timing models for different D2D scenarios and the key factors which affect the receive signal timing accuracy is provided in Table 1.
Table 1. D2D TX/RX timing models
	Scenario
	D2D TX Timing
	D2D RX Timing
	Timing offset components

	In coverage intra-cell 
	WAN DL RX timing
	WAN DL RX timing
	1. WAN DL timing measurement accuracy at D2D TX = ±12 Ts
2. WAN DL timing measurement accuracy at D2D RX = ±12 Ts

3. Signal propagation (between eNB and D2D TX, eNB and D2D RX, D2D TX and D2D RX)

	
	WAN UL TX timing (PSSCH Mode 1)
	WAN DL RX timing – D2D TA command 
	1. WAN DL timing measurement accuracy at D2D TX/RX = ±12 Ts
2. WAN DL timing measurement accuracy at D2D RX = ±12 Ts

3. D2D TA command granularity = ±8 Ts
4. Signal propagation (between eNB and D2D TX, eNB and D2D RX, D2D TX and D2D RX)

	In coverage inter-cell (synchronous)
	WAN DL RX timing
	WAN DL RX timing Option 1: Serving cell DL 
Option 2: Neighbouring cell DL
	1. Same as for In coverage intra-cell

2. Cell phase synchronization accuracy (±92Ts) for the case of using serving cell based DL RX timing

	
	WAN UL TX timing (PSSCH Mode 1)
	WAN DL RX timing – D2D TA command 
Option 1: Serving cell DL 
Option 2: Neighbouring cell DL
	1. Same as for In coverage intra-cell

2. Cell phase synchronization accuracy (±92Ts) for the case of using serving cell based DL RX timing

	In coverage inter-cell

(asynchronous)
	WAN DL RX timing
	SLSS RX timing 
	1. SLSS timing measurement accuracy = ±12 Ts

	
	WAN UL TX timing (PSSCH Mode 1)
	SLSS RX timing – D2D TA command
	1. SLSS timing measurement accuracy = ±12 Ts
2. D2D TA command granularity = ±8 Ts

	Partial coverage 
(In => Out)
	WAN DL RX timing
	SLSS RX timing 
	1. SLSS timing measurement accuracy = ±12 Ts

	
	WAN UL TX timing (PSSCH Mode 1)
	SLSS RX timing - D2D TA command
	1. SLSS timing measurement accuracy = ±12 Ts
2. D2D TA command granularity = ±8 Ts

	Partial coverage 
(Out => In)
	
	SLSS RX timing 
	1. SLSS timing measurement accuracy = ±12 Ts

	Out of coverage
	
	SLSS RX timing 
	1. SLSS timing measurement accuracy = ±12 Ts


3. Propagation timing analysis
As shown in Section 2, for the WAN based time synchronization case the D2D receive timing offset would depend on the propagation between the eNodeB and D2D TX/RX nodes. For the considered intra-cell and inter-cell D2D propagation scenarios (illustrated in Figure 3) the propagation timing offset can be estimated as follows:

	Intra-cell scenario, D2D RX timing based on Serving cell DL:
	Toffset = TeNB1/UE1 – TeNB1/UE2 + TUE1/UE2

	Inter-cell scenario, D2D RX timing based on Serving cell DL:
	Toffset = TeNB1/UE1 – TeNB2/UE2 + TUE1/UE2

	Inter-cell scenario, D2D RX timing based on Neighboring cell DL:
	Toffset = TeNB1/UE1 – TeNB2/UE1 + TUE1/UE2


where 

· TeNB1/UE1 is the signal propagation time between the eNB1 and D2D transmitter

· TeNB1/UE2 is the signal propagation time between the eNB1 and D2D receiver

· TeNB2/UE2 is the signal propagation time between the eNB2 and D2D receiver

· TUE1/UE2 is the signal propagation time between the D2D transmitter and D2D receiver
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Figure 3. In-coverage intra-cell and inter-cell propagation timing
In order to derive realistic timing offset models, the system-level analysis is needed. The propagation timing statistics would depend on multiple factors including deployment scenario (public safety, general), physical channel (its sensitivity level), UE maximum TX power. For our propagation timing analysis, we applied the following parameters summarized in Table 2.
Table 2. Simulation assumptions
	Scenario
	Scenario # 1: Public Safety
· Option 5 layout: Urban macro (1732m ISD)

· Other parameters based on the D2D TR [3], Uniform UE drop

Scenario #2: General (commercial)

· Option 1 layout Urban macro (500m ISD) + 1 RRH/Indoor Hotzone per cell

· Other parameters based on the D2D TR [3]

	UE RF parameters
	Scenario # 1: Max transmit power of 23 dBm, 31 dBm

Scenario # 2: Max transmit power of 23 dBm

	PSSCH parameters
	Sensitivity = -107 dB (based on RAN1 target)

MCL is -130 dBm for 23dBm TX power and -138 dBm for 31 dBm TX power

	PSDCH parameters
	Sensitivity = -113 dB (based on REFSENS results)

MCL is -136 dB for 23dBm TX power and -144 dBm for 31 dBm TX power

	D2D TX/RX timing model
	Measurements inaccuracy effects are not included in the analysis

The propagation timing statistics is based on the geometry LOS propagation

Intra-cell scenario: D2D receive timing is aligned with the serving cell DL timing. 

Inter-cell scenario (synchronous):

· Option 1: D2D receive timing based on the serving cell DL timing (Inter-cell 1)
· Option 2: D2D receive timing based on the neighboring cell DL timing (Inter-cell 2)


In Figure 4, we illustrate the pathloss vs timing offset scattering diagram for the PS Scenario #1 for the PSSCH channel with -130 dBm MCL. The results are provided for the intra-cell and inter-cell scenarios for different RX timing models.
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	Figure 4. Pathloss vs timing offset scattering diagram (PS Scenario #1, MCL = -130 dBm)


In Figures 5 and 6, we provide the propagation timing offset statistics for different deployment scenarios.
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	Figure 5. Timing offset statistics (Public safety Scenario #1)
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	Figure 6. Timing offset statistics (General Scenario #2)


Based on the analysis of the presented results, we draw the following observations.
Observations:

· Public safety scenario

· Intra-cell D2D operation scenario: The UEs experience positive timing offsets only. The median timing offset does not exceed 50 Ts for the considered scenarios (1.6 mus). The 90% tile timing offsets point is typically inside the Normal CP region.
· Inter-cell D2D operation with serving cell based DL RX timing: The UEs experience both positive and negative timing offsets. Up to 10% of D2D receivers experience negative timing offsets. The positive timing offsets observed at the D2D receivers are typically much larger comparing to the intra-cell scenarios. For high MCLs the observed timing offsets may exceed Normal CP. The median timing offsets are in the range from 60 to 130 Ts.
· Inter-cell D2D operation with neighbouring cell based DL RX timing: Similar to the intra-cell scenario the UEs experience positive timing offsets only. The timing offset are substantially reduced comparing to the Serving cell based DL RX timing case. The timing offset statistics is almost identical to the intra-cell D2D operation scenario.

· General scenario

· Similar to the public safety scenario, using Neighbouring cell based DL RX timing as the D2D RX timing reference for the Inter-cell D2D operation allows avoiding negative timing offsets and also substantially reduces the experienced timing offsets comparing to the Serving cell based DL RX timing.
4. Conclusions

In this contribution, we have shared our views on the D2D transmit / receive timing model as well as describe different sources of imperfect timing knowledge at the receiver side. In summary, we make the following proposals:
Proposal #1: For the case of WAN based time synchronization and DL-based D2D TX timing, the D2D RX timing is equal to the DL RX timing:

· The serving cell DL RX timing is used for the in coverage intra-cell scenario. 

· FFS whether serving cell or neighbouring cell DL timing is used for the synchronous inter-cell in coverage scenario.

Proposal #2: For the case of WAN based time synchronization and UL-based D2D TX timing, for the single D2D link reception case the D2D RX timing is equal to the DL RX timing minus D2D TA command:

· The serving cell DL RX timing is used for the in coverage intra-cell scenario. 

· FFS whether serving cell or neighbouring cell DL timing is used for the synchronous inter-cell in coverage scenario.

Proposal #3: For the case of direct SLSS based time synchronization, the D2D RX timing is defined as follows:

· For the DL-based and SLSS-based D2D TX timing, the D2D RX timing is equal to the SLSS based receive timing.

· For the UL-based D2D TX timing, the D2D RX timing is equal to the SLSS based receive timing minus D2D TA command.
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