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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 may need to be supported in both synchronous and asynchronous network deployments. The respective scenarios are characterized by different time and frequency offset models. 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 D2D receiver synchronization behavior. In order to define the demodulation performance requirements, the D2D receiver synchronization behavior as well as associated time/frequency offset models need to be defined. In the last RAN4 meeting this topic was actively discussed. Some of the views are captured in [1], however no final conclusions were reached.
In this contribution, we share our further views on the D2D synchronization behavior, describe different sources of timing/frequency errors and propose the time/frequency offset models to be used for the D2D demodulation test cases.
2. Discussion

2.1 D2D operation scenarios

The D2D Discovery and Communication features were designed to support operation in a variety of different deployment scenarios. Below, in Table 1 we provide the description of the target D2D scenarios from the network coverage perspective and also list the D2D transmit time/frequency synchronization assumptions. 
Table 1. D2D operation scenarios

	Scenario
	Description
	D2D Capabilities
	D2D TX SYNCH

	In coverage, intra-cell
	Both D2D TX/RX nodes are located in network coverage and associated with same cell
	D2D Discovery (Type 1/2) with and without SLSS

D2D Communication (Mode 1/2) 
	WAN-based time/frequency synchronization
D2D TX timing is based on the serving cell DL (or UL) timing depending on the physical channel (Note: UL timing for Mode 1 D2D Communication - PSSCH channel, DL timing for all others)

	In coverage, inter-cell

(synchronous)
	Both D2D TX/RX nodes are located in network coverage and associated with different synchronous cells
	D2D Discovery (Type 1/2) with and without SLSS

D2D Communication (Mode 1/2)
	

	In coverage, inter-cell

(asynchronous)
	Both D2D TX/RX nodes are located in network coverage and associated with different time domain asynchronous cells
	D2D Discovery (Type 1/2) with SLSS

D2D Communication (Mode 1/2)
	

	Partial coverage
(In => Out)
	D2D TX node is located in network coverage and D2D RX node is located out of network coverage
	D2D communication (Mode 1/2) 
	

	Partial coverage
(Out => In)
	D2D TX node is located out of network coverage and D2D RX node is located in network coverage
	D2D communication Mode 2
	Received SLSS is used as D2D TX timing/frequency reference

	Out of coverage
	Both D2D TX/RX nodes are located out of network coverage.
	D2D communication Mode 2
	Implementation specific


2.2 Timing synchronization assumptions and offset model

The timing error/offset can be defined as the difference between D2D RX signal time of arrival and the D2D RX UE timing reference. To define the timing model the following aspects need to be clarified: 1) D2D receiver timing synchronization reference, and 2) factors affecting the mismatch between the actual received signal and reference signal timing (measurements accuracy, propagation, etc).
Timing synchronization reference
The D2D TX/RX timing synchronization behaviour depends on the D2D operation scenario and D2D transmission type. Our views on the D2D TX, D2D RX and network behaviour are provided below and also summarized in Table 2.
D2D Discovery

· In coverage intra-cell scenario

· D2D TX UE uses serving cell DL timing reference for the PSDCH transmission
· D2D RX UE uses serving cell DL timing reference for the PSDCH reception
· In coverage synchronous inter-cell scenario

· D2D TX UE uses serving cell DL timing reference for the PSDCH transmission
· D2D RX UE 
· Uses serving or neighbouring cell DL timing reference for the PSDCH reception

· Whether one or another approach is applied depends on the UE implementation and whether overlapping or non-overlapping intra/inter cell D2D Discovery pools are configured. 
· The minimum requirements can be defined for the case of serving cell DL timing (in way not to preclude the other method).
· Network is expected to inform D2D RX UE on the inter-cell synchronization assumptions via RRC signalling (w1/w2).
· In coverage asynchronous inter-cell scenario

· D2D TX UE
· Uses serving cell DL timing reference for the PSDCH transmissions
· Transmits SLSS with the same transmit timing (i.e. DL timing)
· D2D RX UE
· Performs SLSS scanning

· Uses SLSS for the reference timing acquisition for the PSDCH reception
· Network is expected to inform D2D RX UE on the inter-cell synchronization assumptions via RRC signalling (w1/w2).
· The scenarios is only applicable for D2D Discovery UEs with the support of the SLSS.
D2D Communication

· In coverage intra-cell scenario

· D2D TX UE uses serving cell DL or UL timing reference for the PSCCH/PSSCH transmissions (UL timing is used for Mode 1 PSSCH)
· D2D RX UE uses serving cell DL timing reference for the PSCCH/PSSCH reception
· DL timing reference is used in case of DL based D2D TX timing
· DL timing minus TAD2D is used in case of UL based D2D TX timing (TAD2D is the D2D TA command signalled in the PSCCH)

· In coverage synchronous inter-cell scenario

· D2D TX UE uses serving cell DL or UL timing reference for the PSSCH/PSCCH transmissions (UL timing is used only for Mode 1 PSSCH)
· Network does not configure SLSS transmissions

· D2D RX UE uses WAN DL timing reference for the PSCCH /PSSCH reception
· DL timing reference in case of DL based D2D TX timing
· DL timing minus TAD2D is used in case of UL based D2D TX timing (TAD2D is the D2D TA command signalled in the PSCCH)
· D2D RX may use either serving or neighbouring cell WAN timing reference (see D2D Discovery). No solution is precluded. Serving cell based timing reference can be used to define the minimum requirements.
· In coverage asynchronous inter-cell scenario

· D2D TX UE 
· Uses serving cell DL or UL timing reference for PSCCH/PSSCH transmission (UL timing is used for Mode 1 PSSCH)
· Transmits SLSS (using DL timing)
· D2D RX UE may use WAN or SLSS for the timing reference acquisition for PSCCH/PSSCH reception. The exact behaviour is implementation specific. To reduce power consumption in coverage UE is not mandated to make continuous SLSS scanning.

· Partial coverage scenario (In => Out)
· D2D TX UE 
· Uses serving cell DL or UL timing reference for PSCCH/PSSCH transmission (UL timing is used for Mode 1 PSSCH)
· Transmits SLSS/PSBCH

· D2D RX UE acquires timing from SLSS/PSBCH from D2D TX UE for PSCCH/PSSCH reception
· Partial coverage scenario (Out => In)
· D2D TX UE 

· Acquires timing from SLSS/PSBCH (from in-coverage D2D RX UE)

· Transmits own SLSS/PSBCH and PSSCH based on acquired timing

· D2D RX UE acquires timing reference from SLSS/PSBCH from the out of coverage D2D TX UE for PSSCH/PSCCH reception
· Out of coverage scenario
· D2D TX UE transmits SLSS/PSBCH
· D2D RX UE acquires timing reference from SLSS/PSBCH from D2D TX UE for PSSCH/PSCCH reception
Table 2. D2D UE timing synchronization reference

	Scenario
	D2D TX
	D2D RX

	In coverage, intra-cell
	WAN-based (DL or UL)
	WAN-based (serving cell)

	In coverage, inter-cell (synchronous)
	WAN-based (DL or UL)
	WAN-based

	In coverage, inter-cell (asynchronous)
	WAN-based (DL or UL)
	Discovery: SLSS-based
Communication: WAN and/or SLSS based

	Partial coverage (In => Out)
	WAN-based (DL or UL)
	SLSS-based

	Partial coverage (Out => In)
	SLSS-based
	SLSS based

	Out of coverage
	Autonomous
	SLSS-based


D2D RX timing window
In general, even under assumption of using same reference source the actual D2D RX timing window selection is up to UE implementation. As proposed in [3], for the demodulation requirements definition it might be assumed that UE sets the timing window in way that the handled timing offsets are within the [-CP/2, CP/2] range relative to the acquired timing reference. In our view, the proposed model reflects the robust UE design assumptions and depending on the scenario UE can further optimize the timing window selection to achieve improved performance. For instance, for the intra-cell scenario the actual timing offset statistics would be biased towards positive values region [2]. Hence, UE can shift the timing window and attempt to handle the larger timing offsets (e.g. [-CP/4 CP3/4]). However, this represents some sort of optimization and for the minimum performance requirements the [-CP/2 CP/2] window assumptions can be used for both in-coverage and out of coverage D2D operation.
Proposal #1: The minimum performance requirements are defined under assumption that the timing error is within the [-CP/2 CP/2] range from the reference timing
Timing errors
The time offset observed at the D2D receiver side would depend on the following factors:

WAN based timing reference

· D2D TX cellular timing accuracy: When WAN-based timing is used for D2D transmissions the transmit timing accuracy can be assumed to be equal to ±12 Ts for BW ≥ 3MHz.

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

· 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 the TS 36.104 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.

· 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. More detailed description of the potential propagation timing is provided in [2].
SLSS based timing reference

· D2D TX/RX SLSS signal estimation accuracy. The SLSS timing estimation accuracy is same as for the cellular case and is equal to ±12 Ts.

· 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.

Summary
The summary of our views on the D2D TX/RX timing models for different D2D scenarios is provided in Table 3.

Table 3. Timing offset model
	Scenario
	D2D TX Timing Reference
	D2D RX Timing Reference
	Timing offset/error model

	In coverage intra-cell 
	WAN DL RX timing (TA = 0)
	WAN DL RX timing
	Discovery/Communication
1. Total D2D RX timing error is inside [0 CP/2] range from the timing reference
2. D2D TX accuracy error: ±12 Ts for TA =0 and ±20 Ts for TA > 0

3. D2D RX accuracy error: ±12 Ts (not captured in the test setup)

4. Signal timing propagation timings (between eNB and D2D TX, eNB and D2D RX, D2D TX and D2D RX) are defined in a way to achieve proposed total timing error (e.g Toffset = TeNB/D2DTX - TeNB/D2DRX + TD2DTX/D2DRX = 1mus)

	
	WAN UL TX timing (TA > 0)
	WAN DL RX timing – D2D TA command 
	1. 

	In coverage inter-cell (synchronous)
	WAN DL RX timing (TA = 0)
	WAN DL RX timing 
	Discovery/Communication

1. Total D2D RX timing error is inside [0 CP/2] range from the timing reference
2. D2D TX accuracy error: ±12 Ts for TA =0 and ±20 Ts for TA > 0

3. D2D RX accuracy error: ±12 Ts (not captured in the test setup)
4. Signal timing propagation timings (between eNB1/2 and D2D TX, eNB1/2 and D2D RX, D2D TX and D2D RX) are defined in a way to achieve proposed total timing error (e.g Toffset = TeNB1/D2DTX - TeNB2/D2DRX + TD2DTX/D2DRX = 1mus)
5. Cell phase synchronization accuracy is FFS

	
	WAN UL TX timing (TA > 0)
	WAN DL RX timing – D2D TA command 
	6. 

	In coverage inter-cell (asynchronous)
	WAN DL RX timing (TA = 0)
	Discovery: SLSS RX timing
Communication: WAN DL or SLSS RX timing
	Discovery
1. eNB1 / eNB2 timing misalignment is TBD (asynchronous)
2. No D2D TX error specified

3. No SLSS SFN mismatch errors (i.e. single D2D TX)
4. D2D RX timing accuracy error is ±12 Ts (not captured in the test setup)

Communication

FFS. Depends on the UE implementation. 

	
	WAN UL TX timing (TA > 0)
	Communication: WAN DL or SLSS RX timing – D2D TA command
	

	Partial coverage 
(In => Out)
	WAN DL RX timing (TA = 0)
	SLSS RX timing 
	Communication

1. No D2D TX error specified

2. No SLSS SFN mismatch errors (i.e. single D2D TX)

3. D2D RX timing accuracy error is ±12 Ts (not captured in the test setup)

	
	WAN UL TX timing (TA > 0)
	SLSS RX timing - D2D TA command
	1. 

	Partial coverage 
(Out => In)
	In-coverage SLSS RX timing
	OOC SLSS RX timing 
	2. 

	Out of coverage
	
	SLSS RX timing 
	3. 


Proposal #2: Adopt the timing offset/error model provided in Table 3.

2.3 Frequency synchronization assumptions and offset model

The frequency error can be defined as the difference between D2D RX signal frequency and the D2D RX UE reference frequency. Therefore, to define the frequency offset model the following two questions need to be addressed: 1) D2D receiver frequency synchronization reference, and 2) factors affecting the potential mismatch between the received D2D signals and the reference.

Frequency synchronization reference
The frequency synchronization behaviour for D2D transmission and reception is more straightforward. Our views are summarized in Table 4 and are actually based on the following principles:
· WAN-based frequency reference can be used in case D2D UE (TX or RX) is inside the cell coverage 
· SLSS-based frequency reference should be used in case D2D RX UE is outside the coverage
Table 4. D2D UE frequency synchronization reference

	Scenario
	D2D TX
	D2D RX

	In coverage, intra-cell
	WAN-based
	WAN-based (serving cell)

	In coverage, inter-cell (synchronous)
	WAN-based
	WAN-based (serving or neighbouring cell)

	In coverage, inter-cell (asynchronous)
	WAN-based
	WAN-based (serving or neighbouring cell)

	Partial coverage (In => Out)
	WAN–based
	SLSS–based

	Partial coverage (Out => In)
	SLSS-based
	WAN-based

	Out of coverage
	Autonomous
	SLSS–based


Frequency errors
The key factors which affect the frequency errors are:

· WAN measurements error: The WAN measurements accuracy would affect the frequency errors between eNodeB UL and D2D TX/RX and hence would have impact on the total D2D RX frequency error for in-coverage intra-cell and inter-cell scenarios. The amount of the errors depends on the WAN UE measurements accuracy which can be assumed equal to ±0.1 ppm based on the RRM requirements.
· SLSS measurements error: The SLSS measurements accuracy would affect the frequency errors between D2D TX/RX for the partial coverage and out of coverage scenarios. The measurements accuracy can be assumed equal to ±0.1 ppm. 
· eNodeB UL frequency error: For the in coverage intra-cell scenarios both D2D TX/RX nodes obtain synchronization from the same eNodeB. So, the eNodeB frequency error would not affect the frequency error observed at the D2D receiver. For the partial coverage and out of coverage scenarios the frequency error would depend on the SLSS processing and will not be impacted by the eNodeB frequency error. Meantime, for the in coverage inter-cell scenarios (both synchronous and asynchronous) in case the D2D TX/RX derive the frequency synchronization from different eNBs the frequency errors in the neighboring cells would contribute to the overall frequency error. However, in case the D2D RX gets frequency synchronization from the neighboring cell the errors can be avoided. For the current analysis it may be assumed that the eNodeB frequency error is equal ±0.1 ppm (for Local Area BS).
Summary
The actual frequency offset model would depend on the considered scenario and the summary of our views on models to be used in the D2D demodulation framework are summarized in Table 5. The table includes the description of different sources of frequency errors (“Frequency error components” column) and the estimated upper bound of the frequency error observed at the D2D RX (“Total D2D RX frequency error”). For the definition of the D2D demodulation test cases, the transmitter side and network errors should be specified only.
Table 5. Frequency offset model
	Scenario
	Frequency error components
	Total D2D RX frequency error

	In coverage, intra-cell
	· eNodeB UL and D2D TX error = ±0.1 ppm (WAN measurements)
· eNodeB UL and D2D RX error = ±0.1 ppm (WAN measurements, not defined in the test setup)
	±0.2 ppm

	In coverage, inter-cell (synchronous and asynchronous)
	· eNodeB 1 UL and D2D TX error = ±0.1 ppm (WAN measurements)
· eNodeB 2 UL and D2D RX error = ±0.1 ppm (WAN measurements)
· eNodeB 1/2 UL errors = ±0.1 ppm each
	Option 1 (sync from serving cell eNBs):: ±0.4 ppm 

Option 2 (sync from neighboring cell eNB): ±0.2 ppm

	Partial coverage (In => Out)
	· D2D RX error = ±0.1 ppm (SLSS measurements, not defined in the test setup)
	±0.1 ppm

	Partial coverage (Out => In)
	· D2D TX error = ±0.1 ppm (SLSS measurements at the D2D TX side)
	±0.1 ppm

	Out of coverage
	· D2D RX error = ±0.1 ppm (SLSS measurements, not defined in the test setup)
	±0.1 ppm


Proposal #3: Adopt the frequency offset/error model provided in Table 5.

3. Conclusions

In this contribution, we have shared our views on the D2D synchronization behavior, describe different sources of timing/frequency errors observed at the D2D receiver side and proposed the time/frequency offset model to be used for D2D demodulation test cases:
Proposal #1: The minimum performance requirements are defined under assumption that the timing error is within the [-CP/2 CP/2] range from the reference timing
Proposal #2: Adopt the timing offset/error model provided in Table 3.

Proposal #3: Adopt the frequency offset/error model provided in Table 5.
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