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1. Introduction
Time and frequency synchronization is the first step in the process of receiving the target signal, and the overall signal format and communication procedure are greatly affected by the details of the synchronization method. Some discussions took place on the time synchronization in RAN1#73 and the following agreements were made:
===========================================================================

In cases when at least one external synchronization reference exists, which is always the case at least within NW coverage:
· A UE begins to transmit a D2D signal at the time instance of T1-T2.
· T1 is the reception timing of the synchronization reference

· T2 is an offset which is positive, negative, or zero.
· Option 1: The synchronization reference is derived from the timing of a cell (not precluding the possibility that different cells may be used at different times).
· In this option, the cell may or may not be the serving cell of the UE
· Option 1.1: T2 is fixed in the specification.

· Option 1.2: T2 is configurable by the network.

· Option 1.3: T2 is derived from the PUSCH transmit timing associated with the cell (this option is only applicable in cases when the UE knows the PUSCH timing).
· Option 3: The synchronization reference is a synchronization signal transmitted by one UE 

· Option 3.1: T2 is fixed in the specification.

· Option 3.2: T2 is obtained from the one UE 

· Option 4: The synchronization reference comprises synchronization signals transmitted by more than one UE 

· Option 4.1: T2 is fixed in the specification.

· Option 4.2: T2 is obtained from the UEs 
· Option 5: The synchronization reference is transmitted by an external source, e.g. GNSS

· Other options are not precluded. 
· For D2D discovery signal within NW coverage, Options 1&5 are considered for further study.
· For D2D discovery signal outside NW coverage, Options 3,4&5 are considered for further study.

· For D2D communication signal, Options 1, 3, 4 & 5 are considered for further study.

· At least option 1.3 is supported for within NW coverage
Further study is required for the transmission timing in cases when a synchronisation reference does not exist.
===========================================================================

This contribution discusses the method of time synchronization between the transmitter and receiver when operating D2D communications based on the above-mentioned agreement. In addition, the issue of the frequency synchronization is also discussed. 
2. Assumptions in transmissions and receptions for D2D communications
In order to design the details of time/frequency synchronization, a few assumptions need to be made. One is the time required to switch the UE from the transmission operation to the reception operation, and vice versa. The UE ON/OFF time mask is defined in [1] and 20 us transient period is used as follows:
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Figure 6.3.4.1-1: General ON/OFF time mask 

As 20 us transient period in [1] is translated to 0.28 SC-FDMA symbol duration in the normal CP, it is assumed throughout this paper that a fraction of SC-FDMA symbol duration needs to be reserved as the guard interval to allow the transition between signal transmission and reception. Figure 1 illustrates an example case where guard interval 1 (GI1) and guard interval 2 (GI2) respectively denote the Tx-to-Rx switching time and Rx-to-Tx switching time. The exact values of GI1 and GI2 need to be agreed for the design details.
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Figure 1. An example of switching transmission and reception operations.
Another assumption is the number of D2D communication signals each receiver UE needs to decode at a given time instance. Considering that a UE receives only one PDSCH per component carrier in a subframe, it seems natural to assume that a D2D receiver UE decodes only one D2D communication channel at each time instance in each component carrier. In other words, a UE is not required to receive D2D communication signals simultaneously transmitted from multiple sources (e.g., by means of FDM) in a component carrier.
Proposal 1: The following needs to be agreed for the assumptions in D2D communications:

· A fraction of SC-FDMA symbol duration needs to be reserved as the guard interval to support switching between transmissions and receptions. The exact guard interval length needs to be agreed.

· A D2D receiver UE is able to receive D2D communication signal from only one source at each time instance in each component carrier.

3. Synchronization inside network coverage
3.1. Time synchronization
One agreement in RAN1#73 is that, for D2D communication signal, at least the option 1.3 is supported that the signal transmission timing is derived from PUSCH transmit timing associated with a cell which provides the synchronization reference. In this option, it becomes possible to maintain the same SC-FDMA symbol transmission timing irrespective of the signal type (i.e., WAN UL signal or D2D communication signal) the UE is transmitting. An example case is illustrated in Figure 2 where the UE transmits D2D communication signal in subframe n. Here, the subframe boundary and symbol timing is kept the same irrespective of whether the UE transmits WAN UL signal or D2D communication signal. The difference is that at least a fraction of the first and the last SC-FDMA symbols is not usable as normal symbols due to the existence of the guard periods. Consequently, 12 symbols in the normal CP case are fully usable for D2D communications as shown in the figure.
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Figure 2. Illustration of timing of D2D communication signal.
The operation illustrated in Figure 2 is beneficial in that D2D communication signals can be easily multiplexed with the WAN UL signals. As the required GIs are located within the D2D communication subframe, the UE operation in subframe n has no impact on the neighboring subframes, subframes n-1 and n+1. Thus, a simple subframe-wise TDM of WAN UL and D2D communication can be supported for the UEs maintaining the two communication operations. In addition, as the symbol timing is the same irrespective of the signal type, WAN UL signals and D2D communication signals can be orthogonally multiplexed from the eNB perspective, which enables RB-wise FDM of WAN UL and D2D communication, e.g., for the purpose of interference orthogonalization. 
Observation 1: Inside network coverage, the subframe boundary and symbol timing can be the same in D2D communication signals and WAN UL signals. The first and last symbols are not fully usable for D2D communication in the D2D communication subframe due to the guard intervals.
In order to support the operation described in Observation 1, the WAN UL timing, which is determined by the timing advance provided by eNB, needs to be informed the transmitter UE. An RRC-connected UE is already provided with the timing advance from the eNB, but an RRC-idle UE is not. This issue is related to the question whether RRC-idle UEs need to be able to participate in the D2D communication signal transmission. Also, it needs to be defined which cell provides the timing reference in operating this option because a non-serving cell may be the reference as mentioned in the agreement. It seems typical to assume that the serving cell of the UE becomes the timing reference cell e.g., for efficient TDM of WAN UL transmission and D2D communications in the relay UEs, but considering the possibility of inter-cell D2D communications, it is beneficial to support the case where a non-serving cell provides the timing reference in D2D communications. Related discussions can be found in the companion paper [2].
Assuming that the transmitter UE transmits D2D communication signal based on its own WAN UL timing, the receiver UE needs to be able to identify the start of the arrived D2D communication signal. If the receiver UE is close to the transmitter UE, it may be possible for the receiver UE to assume that timing of the arrived D2D communication signal is the same as its own WAN UL timing (i.e., timing to be used for that UE’s signal transmission) with some timing error in an acceptable level (e.g., much smaller than the CP length). However, if the target coverage of D2D communication is large that the above assumption is not valid any more, the receiver UE needs to detect the D2D subframe boundary in an autonomous manner. In this D2D subframe boundary detection, it will be helpful if the transmitter UE sends some preamble which is a signature known to the receiver UE before the D2D communication signal begins. In placing the preamble, it will be beneficial in terms of the resource utilization efficiency if the remaining part of the first symbol after GI1 is used for the purpose of the preamble transmissions. Further details of the functions of the preamble are discussed in Section 5. Figure 3 illustrates the operation where the receiver UE searches the D2D signal timing based on the preamble detection. It was assumed in the figure that the two UEs have the same timing advance value, and it can be observed that the remaining part of the last SC-FDMA symbol absorbs the misalignment between receiver’s subframe boundary and the D2D signal arrival timing, which may be caused by the timing advance difference and the propagation delay between the transmitter and receiver. We note that the receiver UE performs this preamble detection only for a single transmitter at a given subframe in a component carrier, assuming that Proposal 1 in the previous section is agreed.
Observation 2: Preamble transmission using a fraction of the first SC-FDMA symbol can be used for fine time synchronization.
[image: image4.emf]1 2 3 4 5 6 7 8 9 10 11 12

D2D communication subframe (assumed to be aligned in the 

transmitter and receiver)

Propagation delay 

between the transmitter 

and receiver

0 13

Guard 

interval 1

Guard 

interval 2

Symbols fully utilized for 

D2D communication

Guard 

interval 1

Guard 

interval 2

Preamble

1 2 3 4 5 6 7 8 9 10 11 12

One SC-FDMA 

symbol

Preamble

Searching window for the 

preamble detection

Transmitter

Receiver


Figure 3. D2D communication symbol timing acquisition at the receiver by detecting the preamble.
3.2. Frequency synchronization
Frequency synchronization is also required for the receiver UE to properly decode the D2D communication signal. According to [1], the maximum error in the UE modulated carrier frequency is ±0.1 PPM compared to the carrier frequency received from the eNB. For the frequency accuracy of eNBs, the requirement in [3] defines the maximum error of ±0.05 PPM and ±0.1 PPM for wide area eNB and medium range/local area eNB, respectively. Therefore, we have the following table for the maximum frequency offset between the transmitter and receiver. Figure 4 shows the impact of the frequency offset to the BLER performance of D2D communication signal. Detailed assumptions for this simulation can be found in Appendix.
Table 1: Maximum frequency offset between the transmitter and receiver
	
	Maximum frequency error
	Maximum frequency offset at 700 MHz
	Maximum frequency offset at 2 GHz

	Two UEs have the same frequency reference cell
	0.2 PPM
	140 Hz
	400 Hz

	Two UEs have different frequency reference cell (wide area eNB)
	0.3 PPM
	210 Hz
	600 Hz

	Two UEs have different frequency reference cell (medium range/local area eNB)
	0.4 PPM
	280 Hz
	800 Hz
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Figure 4. Impact of frequency offset to the performance of D2D communications.

Considering the scenario specific to the public safety services, the maximum frequency offset can be limited to 140 Hz by providing the receiver UE with the frequency reference cell which the transmitter UE is using. Such an indication of the frequency reference cell is beneficial in reducing the frequency offset in the inter-cell D2D communications and can be combined with the timing reference cell by using a single reference cell for the reference of both time and frequency synchronization. However, even with the information of the frequency reference cell, there remains some frequency offset between the transmitter and receiver. Such remaining frequency offset may be corrected by using the preamble discussed above depending on the details of the preamble design.
Observation 3: Inside network coverage, a reference cell can provide the frequency synchronization reference of D2D communication signals to reduce the frequency offset. Further frequency tuning may be done using the preamble.
4. Synchronization outside network coverage
In general, it is preferable to keep the commonality between D2D communications inside network coverage and those outside network coverage. As the synchronization operations discussed in the previous section uses a cell as time and/or frequency reference of D2D communications, it is desirable to consider a synchronization reference for the D2D communications outside the network coverage.
Before the detailed discussions, it is necessary to clearly define the meaning of “inside network coverage” and “outside network coverage.” One important reason to differentiate the two cases is the difference of the synchronization reference. As the eNB can provide continuous synchronization reference by means of PSS/SSS/CRS, it is desirable to use the reference provided by an eNB whenever it is usable. It needs to be noted that the synchronization here includes the frequency synchronization which is typically acquired by using CRS. Thus, it seems reasonable to claim that a UE is inside network coverage if and only if it detects PSS/SSS/CRS of the cell operating as the synchronization reference with an acceptable quality. If the network does not specify a certain cell as the synchronization reference, the UE is assumed to locate outside network coverage when it fails to reliably detect PSS/SSS/CRS of any cell in any carrier. If the network specifically indicates one or more cells as the reference, a UE will be outside network coverage when any of the indicated cells does not provide reliable PSS/SSS/CRS.
4.1. Time synchronization
D2D communications outside network coverage require a timing reference not from those transmitted by an eNB. Several options were discussed in RAN1#73 including synchronization references transmitted from one UE, transmitted from more than one UE, and transmitted by the external source. The second option appear inappropriate because synchronization reference from more than one UE seems to require some synchronization and/or coordination among the UEs involved in the synchronization reference transmissions; it is unclear how to derive the synchronization reference from  unsynchronized and uncoordinated signal transmissions. The third option is not sufficient because the external source such as GNSS may not be usable in some cases. Therefore, we propose to take the first option, a UE transmits the synchronization reference when D2D communication operates outside network coverage.
A typical operation of the time synchronization outside network coverage would be like this: First, a UE is elected as the “cluster head” and transmits the synchronization reference. As multiple UEs may try to elect themselves as the cluster head, a proper rule needs to be defined to select only one UE as the cluster head of a given area. Then, UEs within the coverage of the cluster head monitor the synchronization reference and acquire the timing reference of D2D communications. From this timing reference shared among the cluster members, UEs can derive the subframe boundary and SC-FDMA symbol timing as did inside network coverage. Then, the same time synchronization procedure can be operated for D2D communications on top of the timing derived at each UE: The first symbol consists of GI1 and preamble so that the receiver UE can obtain the exact arrival timing of the D2D communication signal. The last symbol is not usable for the D2D communications for GI2 and possible timing misalignment between the transmitter and the receiver. Figure 5 depicts an example case where UE2 transmits D2D communication signal to UE3 assuming that UE2 is close to UE1, the cluster head but UE3 is far from the cluster head.
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Figure 5. An example case of time synchronization for D2D communications outside network coverage.
Introducing such a cluster head enables D2D UEs to do time-synchronized operations. This synchronization is beneficial in several aspects:

· Energy saving: UEs can turn off the receiver circuit to save the energy consumption when no traffic is expected for some time duration. This energy saving operation requires time synchronization between the transmitter and receiver because the transmitter needs to know when the receiver UE wakes up to receive D2D signals. In order to apply this operation to D2D broadcast, all the potential receiver UEs need to be time-synchronized so that the transmitter commences broadcast only when the potential UEs are ready to receive. Related discussions can be found in [2].
· TDM of D2D and WAN UL in relay UEs: Relay UEs need to maintain both WAN UL link to the eNB and D2D link to UEs outside network coverage. Time synchronization between the relay UE and UEs outside coverage enables easier TDM of the two links in the relay UE side. If D2D transmission timing of UEs outside coverage is not aligned with the relay UEs subframe boundary, D2D communication of one subframe may block more than one WAN UL subframes at the relay UE. Companion paper [4] provides more detailed discussion.
· Commonality with time synchronization for D2D discovery: It is expected that a limited number of bits (e.g., about 100 bits) will be used for the generation of each D2D discovery signal, so FDM of D2D discovery signal seems necessary for efficient utilization of the system bandwidth [5]. This implies that D2D discovery signal transmitters need to be synchronized using a common synchronization reference. If such synchronization reference is provided by the cluster head, it is desirable to reuse this synchronization reference for the D2D communications as well.

· DL reception in TDD partial coverage case: In partial coverage scenario with TDD, D2D signals transmitted from the UEs outside network coverage can interfere with DL signal reception of the UEs connected to the network at the cell edge. As a result, PDCCH/PDSCH performance and RRM/RLM measurement will be degraded for those UEs unless D2D signal transmissions are well-coordinated based on the time synchronization. In addition, UEs outside coverage still need to perform cell search to check the availability of the network connectivity. So, unsynchronized D2D signal transmissions will hinder those outside-coverage UEs from searching cells in TDD. Companion paper [4] provides more detailed discussion.
Based on this discussion, we propose the following:
Observation 5: Outside network coverage, it is preferable that a UE which is elected as the cluster head transmits the synchronization reference. The other UEs derive the subframe boundary and symbol timing from the received synchronization reference. The subframe structure can be the same as that used inside network coverage.

4.2. Frequency synchronization
The synchronization reference transmitted from the cluster head can be used as the frequency synchronization reference similarly to the CRS from the synchronization reference cell in the inside network coverage case. We note that FDM of D2D discovery signals requires a frequency synchronization reference common to a group of D2D discovery signal transmitters [5], so this reference can be used for the D2D discovery as well as D2D communications once defined. Also, as discussed in Section 3.2, the remaining frequency offset may be corrected if the preamble can serve the purpose of fine frequency tuning. 
5. Functions of the preamble
As discussed in the previous sections, placing a preamble in front of the D2D communication signal can be useful in several ways. One important reason to place such a preamble is the stabilization of the automatic gain control at the receiver UE. In general, D2D signal transmitted from two different UEs arrive at a receiver UE with different power levels depending on the transmission power and the pathloss. So the receiver UE needs to adjust AGC at each D2D signal reception, which requires some training time prior to the D2D communication signal reception.

Another main usage of the preamble is the time and frequency synchronization. As discussed in Section 3.1, the receiver UE may observe some misalignment between its own D2D symbol timing and the arrived D2D signal symbol timing due to the PUSCH timing difference and the propagation delay between the transmitter and receiver. Also, as discussed in Section 3.2, this preamble can be used to remove the frequency error between the transmitter and receiver.
As illustrated in Figure 2, the first symbol in the D2D communication subframe cannot be fully used due to the existence of the guard period. Thus, the preamble can be transmitted using the remaining part as the preamble without degrading the D2D resource utilization. Considering that IEEE 802.11a system uses a preamble of 16 us length (8 us short training symbols and 8 us long training symbols) for AGC training and time/frequency acquisition, the remaining part of the first SC-FDMA symbol is expected to serve at least some of the above-mentioned purposes. Further study is needed for the exact required length as well as the detailed signal waveform of the preamble to provide the intended functionality.
Observation 6: A preamble transmission using a fraction of the first SC-FDMA symbol can be used for AGC and fine time/frequency synchronization at the receiver UE.
6. Conclusion
This contribution discussed how a receiver UE gets synchronized with the D2D communication signal. Some assumptions on this synchronization design need to be made first, which leads to the following proposal:
Proposal 1: The following needs to be agreed for the assumptions in D2D communications:

· A fraction of SC-FDMA symbol duration needs to be reserved as the guard interval to support switching between transmissions and receptions. The exact guard interval length needs to be agreed.

· A D2D receiver UE is able to receive D2D communication signal from only one source at each time instance in each component carrier.

In addition, this contribution suggested time and frequency synchronization based on a synchronization reference in order to take advantage of synchronized D2D communications among UEs. Two different synchronization reference types are proposed depending on the UE connectivity to the network:
Proposal 2: Inside network coverage, the subframe boundary and symbol timing is the same in D2D communication signals and WAN UL signals.

Proposal 3: Outside network coverage, a UE which is elected as the cluster head transmits the synchronization reference. The other UEs derive the sumbframe boundary and symbol timing from the received synchronization reference. Further study is needed for the cluster head election method as well as the details of the synchronization reference signal transmitted from the cluster head.
Finally, this contribution proposed a D2D communication subframe structure which is commonly applicable to both in-coverage and out-coverage cases.
Proposal 4: In a subframe used for D2D communications, the first and last symbols are not fully usable for D2D communication in the D2D communication subframe due to the guard intervals.
Proposal 5: A fraction of the first symbol is used for the preamble transmission. The receiver UE uses this preamble for AGC training and time/frequency synchronization. Further study is needed for the details of the preamble design.
______________________________________________________________________
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Appendix. Simulation assumptions for Figure 4
	Carrier frequency
	700MHz

	Channel model
	ITU UMi LOS

	Signal format
	Modified PUSCH where the first and the last symbols of a subframe is not used for the codeword mapping [2]

	UE speed
	3km/h

	Number of antennas
	1 Tx, 2 Rx

	System bandwidth
	10MHz

	CP length
	Normal CP (10 symbols for codeword mapping, 2 symbols for DM RS)

	Number of allocated RBs
	50 RBs

	Modulation
	QPSK

	PUSCH hopping
	OFF

	Coding rate
	1/3
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