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1. Introduction
In RAN#73, two types of D2D discovery were defined for further considerations: 

===========================================================================

At least the following two types of discovery procedure are defined for the purpose of terminology definition for use in further discussions/studies (note that these definitions are intended only to aid clarity and not to limit the scope of the study): 

· Type 1: a discovery procedure where resources for discovery signal transmission are allocated on a non UE specific basis

· Note: Resources can be for all UEs or group of UEs

· Type 2: a discovery procedure where resources for discovery signal transmission are allocated on a per UE specific basis

· Type 2A: Resources are allocated for each specific transmission instance of discovery signals

· Type 2B: Resources are semi-persistently allocated for discovery signal transmission

Note that further details of how the resources are allocated and by which entity, and of how resources for transmission are selected within the allocated resources, are not restricted by these definitions.
===========================================================================

Also, some time synchronization options were listed as follows:
===========================================================================

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 discovery. We first list several assumptions that need to be made for the design of the synchronization for D2D discovery. Then, we provide the synchronization methods for UEs inside and outside network coverage.
2. Assumptions in the synchronization for D2D discovery
Synchronization for D2D discovery can have lots of commonality with that for D2D communications discussed in [1]. One commonality is the necessity of the guard interval for switching between transmission and reception operations. As proposed in [1], a fraction of SC-FDMA symbol duration needs to be reserved as the guard interval at the boundary of the subframe used for D2D discovery. Another commonality is the existence of the synchronization reference. If an external synchronization reference is defined for a D2D UE, it is possible to use it for both D2D communication and discovery.
Even with this commonality, the synchronization in D2D discovery has some differences from that in D2D communications. One major difference is the number of transmitters that are to be detected by a single receiver UE at a given time instance in a component carrier. As it is typically expected that a limited number of bits (e.g., about 100 bits) will be used for the generation of each D2D discovery signal, for the resource efficiency, it is necessary to multiplex multiple discovery signals, typically by FDM, within a given D2D discovery subframe where WAN UL transmission of the UEs participating in the D2D discovery transmission and reception is restricted or impossible. This means that it is desirable to minimize the number of D2D discovery subframes to mitigate the impact on WAN UL performance and discovery signals from multiple UEs are likely to be packed into a single discovery subfrmae. Therefore, in a given subframe in a component carrier, a receiver UE needs to be able to receive D2D discovery signals transmitted from multiple transmitter UEs. 
In doing this kind of discovery signal reception, it seems infeasible for a receiver UE to track the time and frequency of each individual discovery signal, e.g., by means of the preamble used for D2D communications [1], due to the UE implementation complexity. Rather, it is reasonable to design the synchronization of D2D discovery in such a way that multiple transmitter UEs are synchronized with each other to some extent and a receiver UE receives the multiplexed discovery signals as if there were transmitted from a single source. Apparently, the D2D discovery design should be robust enough so that the time/frequency error remaining in the individual signal after such a group-wise synchronization does not cause serious performance degradation.
Observation 1: A UE needs to receive multiple D2D discovery signals transmitted from different UEs in a subframe. For the implementation simplicity, it is desirable to assume that the receiver UE gets synchronized by treating the multiplexed signals as one from a single transmitter while taking the residual time/frequency error in each individual discovery signal.
The synchronization method may be dependent of the D2D discovery type. As discussed in [2], type 2 discovery is more suitable to the RRC-connected UEs to whom PUSCH timing is already provided. So time/frequency synchronization for type 2 discovery can be the same as that for D2D communications within network coverage where WAN UL synchronization is reused [1]. In other words, a synchronization reference cell provides the time and frequency reference for each type 2 discovery signal transmission, and the subframe boundary, symbol timing, and modulation frequency is the same as those for PUSCH transmissions associated with the reference cell.
Observation 2: Time/frequency synchronization for type 2 discovery can be the same as that of PUSCH transmissions associated with the synchronization reference cell.
With this observation, we focus the discussions of the following sections on the synchronization for type 1 discovery which both RRC-connected and RRC-idle UEs can participate in [2].
3. Synchronization for discovery type 1
3.1. Time synchronization inside network coverage
As RRC-idle UEs can participate, it is not appropriate to use PUSCH transmit timing for the discovery type 1. This implies that it is difficult to orthogonalize type 1 discovery signal with the conventional WAN UL signals in an FDM manner, and another form multiplexing such as subframe-wise TDM is more desirable. Considering that an external source such as GNSS may be inapplicable in some cases, it is desirable to determine the timing from the DL subframe boundary of the synchronization reference cell. It will be natural to take the serving cell as the reference cell if intra-cell discovery is considered, but in order to support inter-cell discovery, the reference cell needs to be indicated to the participating UEs such that the transmitter and receiver UEs residing different cells can be synchronized with each other. 
If we assume zero offset, the subframe boundary and symbol timing of D2D discovery is always the same as the boundary of DL subframe of the reference cell. Then, for a UE which is very close to the eNB so that the timing advance value is set to zero, there is no overlap between WAN UL subframes and D2D discovery subframes. So, as shown in Figure 1, the first symbol (SC-FDMA symbol #0) and the last symbol (SC-FDMA symbol #13) are not fully usable for D2D discovery signal due to the existence of guard intervals reserved for switching between transmission and reception. We note that the subframe format depicted in Figure 1 is the same as the structure discussed for D2D communications in [1], so such a format has the advantage that a common subframe structure can be maintained for both D2D discovery and communications.
[image: image1.emf]1 2 3 4 5 6 7 8 9 10 11 12

Subframe n for D2D discovery

One SC-FDMA 

symbol

Subframe n+1 for WAN 

UL transmission

DL Subframe n at the UE

Subframe n-1 for WAN 

UL transmission

0 13

Guard 

interval 1

Guard 

interval 2

Symbols fully utilized for 

D2D discovery


Figure 1. Illustration of the D2D discovery subframe with zero offset from DL subframe boundary and zero timing advance value.

The set of fully usable symbols changes according to the timing advance value of the UE. As observed in Figure 2, the second last symbol is usable if the sum of the timing advance value and the GI2 length is less than the length of one SC-FDMA symbol. If we assume 20 us length GI2, in case of normal CP, SC-FDMA symbol #12 is available until the timing advance value reaches 51us which corresponds to the round trip delay of 7.65 km. This implies that, as far as intra-cell discovery is concerned, all the UEs in a cell can use 12 SC-FDMA symbols with normal CP if the cell diameter is less than 7.65 km. We note that the first symbol is treated as an unusable resource in Figure 2, and this is because the use of this symbol is not possible for some UEs like the one in Figure 1.
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Figure 2. Illustration of the D2D discovery subframe with zero offset from DL subframe boundary and timing advance value of 51 us.

If the timing advance value becomes even larger or inter-cell discovery is operated in asynchronous cell deployment, further reduction is unavoidable in the number of usable symbols in the D2D discovery subframe as long as the neighboring WAN UL subframes are not to be impacted. Alternatively, such cases can be supported with some WAN UL scheduling restriction around the D2D subframe. For example, when the timing advance value is so large that WAN UL subframe n+1 overlaps with SC-FDMA symbol #12 in D2D discovery subframe n as illustrated in Figure 3, the eNB can avoid scheduling WAN UL transmissions at subframe n+1 for that specific UE.
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Figure 3. Illustration of the D2D discovery subframe with zero offset from DL subframe boundary and timing advance value of one SC-FDMA symbol time.

Similarly to D2D communication, a fraction of the first SC-FDMA symbol in a D2D discovery subframe can be used for the transmission of the preamble. The discussion in Section 2 revealed that per-transmitter time/frequency tracking is not feasible as the receiver UEs operation, which implies that the existence of the preamble is not much useful for this purpose. However, as also mentioned in [1], AGC training is another important role of such preamble transmission, and the preamble transmission in D2D discovery can be useful in this aspect. Figure 4 illustrates the cases where a fraction of the first symbol is used for the preamble transmission. This operation can be interpreted in a way that the start of the D2D discovery signal transmission, including the preamble transmission, is derived by applying a non-zero offset value, which is less than one SC-FDMA symbol duration, to the received DL symbol timing.
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Figure 4. Illustration of adding a preamble by using a fraction of the first SC-FDMA symbol.
If the preamble is not used, the remaining part of the first symbol after GI1 can be used to advance the D2D discovery signal transmissions as shown in Figure 5. This operation is beneficial in that more time gap can be made (compared to Figure 1) between the last usable symbol in the D2D discovery subframe and the start of the following WAN UL subframe. This enlarged gap can compensate further larger timing advance values with keeping the number of available symbols. On the other hand, it is also possible to use one more SC-FDMA (i.e., SC-FDMA symbol #13 in Figure 5) symbol depending on the length of GI and the targeted maximum timing advance value. We note that using symbol #13 with advancing the discovery symbol timing is equivalent to using symbol #0 with delaying the discovery symbol timing in terms of the number of usable symbols.
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Figure 5. Illustration of the D2D discovery subframe with a non-zero offset from DL subframe boundary and zero timing advance value.

Observation 3: Inside network coverage, more time resources can be used for D2D discovery signal by applying a non-zero offset to the received DL timing of the synchronization reference cell. The fixed offset value is determined to guarantee that the D2D discovery signal starts after the guard interval in case with the timing advance value of zero. 

Once the receiver obtains timing of the signal where multiple discovery signals are multiplexed, the timing difference among individual discovery signals, caused by the difference in the transmission instance and propagation delay of the transmitters, appear as multipath component to the receiver UE. Thus, the CP length should be enough to compensate this residual timing error. Figure 6 depicts the case where D2D discovery signal arrival time difference is the largest. In the figure, a receiver UE very close to the synchronization reference cell (UE1) observes two discovery signals, each of which is transmitted from the UE in its vicinity (UE2) and from the UE which has the maximum distance R from the reference eNB (UE3), respectively. In this case, the difference in the arrival time of the two discovery signals corresponds to the round trip delay of the distance R, and the CP length should be larger than the sum of this round trip time and the delay spread of the channel in order to compensate all the signal arrival time differences. Assuming the delay spread of 1 us, normal CP of 4.7 us supports up to 555 m distance between the synchronization reference and the UE. This range may not be suitable in some scenario, e.g., where the cell radius is larger than this value, and in that case, choosing extended CP of 16.7 us can be an alternative to support the range up to 2.35 km.
Observation 4: In some cases where the discovery coverage needs to be large, the CP length of the D2D discovery signal needs to be different from that of WAN UL signals to compensate the difference of the arrival time of discovery signals.
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Figure 6. The maximum arrival time difference in D2D discovery signals.

3.2. Frequency synchronization inside network coverage
Discussion in [1] leads to the following table on the maximum frequency offset between the D2D transmitter and receiver, and Figure 7 shows the impact of the frequency offset to the BLER performance of D2D discovery 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 7. Impact of frequency offset to the performance of D2D discovery.

From this result, it can be observed that considerable performance benefit can be achieved by having a common frequency reference cell in the UEs participating in D2D discovery. Such a common reference is beneficial in the inter-cell discovery operations. However, the remaining frequency offset (400 Hz at 2 GHz) after having a common reference cannot be removed unless the receiver UE tracks the frequency of each individual transmitter, so it needs to be considered for the relevant performance evaluations.
Observation 5: Inside network coverage, a reference cell can provide the frequency synchronization reference of D2D discovery signals to reduce the frequency offset in the inter-cell discovery operations. The residual frequency offset needs to be considered in the relevant evaluations.
3.3. Synchronization outside network coverage
The discussions in [1] and [3] reveal that it is beneficial to have a time/frequency reference transmitted from a cluster head for D2D communications operating outside network coverage. Similar benefit can be attained if the reference is also used for the synchronization of D2D discovery. In fact, due to the necessity of FDM of discovery signals discussed in Section 2, the existence of time/frequency synchronization reference seems essential for D2D discovery in the operation outside network coverage. Therefore, it is proposed to use the cluster head as a common synchronization reference in D2D operations outside network coverage.
Observation 6: It is necessary to synchronize D2D discovery signal transmission and reception to the reference transmitted from the UE elected as the cluster head.
4. Conclusion
This contribution discussed how a receiver UE gets synchronized with the D2D discoveyr signal. Some assumptions on this synchronization design need to be made first, which leads to the following proposal:
Proposal 1: A UE needs to receive FDMed D2D discovery signals transmitted from different UEs at a given subframe. The baseline operation for the synchronization is that the receiver UE acquires time/frequency synchronization by treating the multiplexed signals as one from a single transmitter while taking the residual time/frequency error in each individual discovery signal.

Then, the following proposals were made to support effective type 1 D2D discovery:
Proposal 2: To support inter-cell D2D discovery, a non-serving cell can be configured as the synchronization reference of the time and frequency synchronization.
Proposal 3: Inside network coverage, D2D discovery signal transmission starting time is determined by applying a non-zero offset to the DL received timing of the synchronization reference cell. The fixed offset value is determined to guarantee that the D2D discovery signal starts after the guard interval in case with the timing advance value of zero.
Proposal 4: To support long discovery coverage, the CP length of the D2D discovery signal can be different from that of WAN UL signals.

Proposal 5: Outside network coverage, D2D discovery signal transmission and reception is synchronized based on the reference transmitted from the UE elected as the cluster head.

It was also discussed that type 2 D2D discovery can use the same synchronization method as the D2D communication inside network coverage.
Proposal 6: Time/frequency synchronization for type 2 discovery can be the same as that of PUSCH transmissions associated with the synchronization reference cell.
______________________________________________________________________
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Appendix. Simulation assumptions for Figure 7
	Carrier frequency
	2 GHz

	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
	1 RB

	Modulation
	QPSK

	PUSCH hopping
	OFF

	Coding rate
	1/3



































































































































PAGE  
3

