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1. Introduction
Several time synchronization options were listed as follows in RAN#73:

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

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.
===========================================================================

In addition, several aspects of type 1 discovery were discussed in RAN1#74

===========================================================================
· Periodic uplink resources are allocated for discovery in a semi-static manner

· For in network allocation can be performed using RRC signaling

· Discovery resources within one period of the allocation are divided into time-frequency resources

· Division can be at least FDM and/or TDM

· UE transmit their discovery signal and receive discovery signals from other UEs subject to half duplex constraint

· Discovery transmissions can use a message of x bits and/or sequences

· Sequences can be based on PRACH, SRS, and/or PSS/SSS

· Configurations using either or both of the message or sequences are FFS

· FFS if the signal transmitted is SC-FDM or OFDM

===========================================================================
This contribution discusses how to determine the discovery signal transmission timing focusing on type 1 discovery within the network coverage. Based on the timing discussion, this contribution proposes a D2D discovery signal format which is based on a modification to LTE PUSCH.

2. Discovery signal transmission/reception timing
It was discussed in [1] that it is beneficial for RRC-idle UEs to participate in the discovery operations without being connected to the network: It can save the battery consumption and signaling overhead required for an RRC-idle UE to be connected to the eNB. Also, it enables the eNB to avoid managing too many connected UEs, most of which are doing only D2D discovery operations.

If RRC-idle UEs can participate, it is not appropriate to use PUSCH transmit timing for the discovery type 1 because no UE-dedicated timing advance command can be signaled. A natural choice is to take Option 1.1 or 1.2, and this implies that it is difficult to orthogonalize type 1 discovery signal with the conventional WAN UL signals in an FDM manner (some frequency resources should be reserved as guard band between discovery signals and WAN signals). As a result, subframe-wise TDM of discovery and WAN UL is a better solution.

If Option 1.1 or 1.2 is taken, for an RRC-connected UE, there happens subframe timing misalignment between discovery subfame and WAN UL subframe due to the timing advance which applies only to WAN UL subframe. Figure 1 illustrates such an example where the discovery subframe boundary is exactly the same as DL subframe boundary the UE receives (i.e, T2=0). As a result, depending on the exact value used for the timing advance, there exists some gap between the preceding subframe (subframe #n-1) and discovery subframe (subframe #n) while the following subframe (subframe #n+1) partly overlaps with the last symbol(s) of the discovery subframe. Also, as agreed in RAN1#74, Tx-Rx switching and AGC operation should be taken into consideration. In doing TDM multiplexing between discovery and WAN UL, it is beneficial to avoid any restriction or impact on WAN UL subframes as much as possible because legacy UEs can use these WAN UL subframes. 
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Figure 1. An illustration of signal transmission and reception timing for D2D discovery.

For the usage of the first symbol of a discovery subframe, it is noteworthy that no special handling is needed for the transmitter UEs as long as all the Tx-Rx switching and AGC operation required for the discovery in a certain subframe is limited to that specific subframe. The transmitter does not require any guard period or AGC duration because it can keep its transmission operation in the preceding WAN UL subframe (subframe #n-1) and discovery subframe (subframe #n). As a consequence, it is possible for the transmitter UE to start discovery signal transmission from the boundary of the discovery subframe. In contrast, the receiver UE is sometimes unable to receive a few samples in the first symbol because of the Tx-Rx switching and AGC operation. In cases where the time required for AGC is negligible, the receiver UE can start receiving from the subframe boundary if

· The UE transmits no signal in last symbol in the preceding subframe (including the case of using the shortened PUCCH/PUSCH format), or

· The timing advance is larger than the required guard period.

For the other cases, a fraction of the first symbol is not receivable by the receiver. Details of handling this fractional symbol reception are discussed in the next section. We note that discovery signal transmission in neighboring subframes can be regarded as WAN UL transmission with TA=0 in terms of the signal transmission timing. The discussion can be summarized as follows:

Observation 1: Assuming that the discovery subframe boundary is exactly the same as DL subframe boundary the UE receives, the transmitter can start discovery signal transmissions from the subframe boundary. The receiver can receive the whole or a fraction of the first symbol depending on the transmission in the preceding subframe, time required for AGC, and the timing advance value of that receiver UE.

Regarding the last symbol of a discovery subframe, it seems impossible to use the entire symbol in any case. Even though a UE does not require any guard period and can transmit all the samples of the last symbol if no WAN UL transmission is scheduled in the next subframe or the timing advance value is zero, this property cannot be exploited at the receiver UEs because the timing advance value of the transmitter UE is unknown and there is no way to distinguish this case from the other operations where at least a part of the last symbol is not usable for discovery signal transmission. Therefore, it is necessary to puncture out at least a fraction of the last symbol in a discovery subframe. The amount of punctured samples is dependent of the timing advance value to be accommodated in the last symbol. In general, the following relation holds for the usable time duration (calculated for the UE switching from discovery reception to WAN UL transmission):

Usable time duration = Symbol duration – guard period – TA threshold.

Here the TA threshold refers to the maximum timing advance value that can be accommodated in the discovery subframe. If a UE has a timing advance value larger than this threshold, it is not possible to use the next subframe as WAN UL transmission. If we assume no fractional use of the last symbol in the normal CP case, the TA threshold becomes about 51 us which corresponds to the round trip delay in 7.65 km. Introducing a fractional use of the last symbol leads to a reduced TA threshold.
In case of TDD, the overlap between the discovery subframe and the WAN UL subframe can be avoided by a proper discovery subframe configuration. To be specific, if discovery subframes are configured such that no WAN UL subframe exists between a discovery subframe and a DL subframe, the last symbol of a discovery subframe becomes usable except for the guard period required for switching from Tx to Rx for the DL signal reception in the next subframe. This property is attained because the guard period in the special subframe already compensates the potential overlap caused by a large TA value as illustrated in Figure 2. As a result, a fraction of the last symbol is always usable in TDD with a proper D2D discovery subframe configuration.
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Figure 2. An illustration of D2D discovery subframe allocation in TDD systems.
Observation 2: At least a part of the last symbol is not usable for discovery signal transmission in a discovery subframe. The time duration of the usable part is dependent of the maximum timing advance value to be accommodated in the discovery subframe in case of FDD.

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 3 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 3: 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.
[image: image3.emf]Synchronization 

reference eNB

UE1

UE2

UE3

Reference timing from 

the synchronization 

reference eNB

Time

Propagation 

delay of R m

Discovery 

signal from 

UE2

Discovery 

signal from 

UE3


Figure 3. The maximum arrival time difference in D2D discovery signals.

3. Discovery signal format
3.1. Design principles
A message type discovery signal format is preferred for the reasons mentioned in the contributions submitted to RAN1#74. One important reason is the flexibility of the discovery signal design; the message type can flexibly accommodate information higher layer configures to be transmitted. We note that the discovery information size is not firmly determined yet and it is possible that the physical layer needs to support multiple sizes for the discovery information as discussed in [2]. The message type also has the benefit that it can maintain some commonality with D2D communication signal format which will be a message type as well. This implies that at least some time/frequency resources are used for the transmission of the codeword which is generated by applying x bit information to the channel encoder.
As UL resource is used for discovery, it is natural to choose a PUSCH-like format as the message type discovery signal format. Using SC-FDM will be beneficial in reducing the PAPR of the transmission signal thereby contributing to enlarging discovery range. The receiver complexity may be an issue but it would not be substantial under the assumption that each discovery signal will occupy a small number of RBs.

The discussion on the intra-cell and inter-cell discovery in [3] showed that transmitter and receiver UEs can be synchronized with each other to some extent by being informed of the synchronization reference cell for each discovery resource. Thus, it is not the main purpose of discovery signal to provide a synchronization reference used for a entirely asynchronous UE; in other words, a heavy synchronization signal such as PRACH preamble is not needed for every discovery signal transmission. On the other hand, discovery signal has the nature of broadcast at least for the open discovery case, so worst case performance, typically suffers from low SINR and high time/frequency synchronization error, will be the dominant factor. In this worst case operation, some supplemental reference signal can be helpful as will be discussed later.
3.2. Modified PUSCH format for D2D discovery

Based on the design principles above, we propose a D2D discovery signal format which is based on a modification to LTE PUSCH. 

As discussed in [4], it is beneficial to place SRS transmissions at the first and last symbol of D2D subframe. The reasons can be summarized as follows:

· These symbols are not fully usable in some cases due to the guard period and AGC. A modification to the current PUSCH interleaver was proposed in [5] in order to alleviate the impact of receiver puncturing, but it is not clear how to confine the systematic bits on the non-punctured symbols in various cases.
· Evaluation results in [4] show that using these two symbols as supplemental reference signal is more robust against the frequency offset.
· The analysis in [4] shows that the time-domain SRS waveform is a repetition of a signal block, and this nature simplifies the operation of partial puncturing in the first or last symbol.

The signal transmission and reception in the first symbol is the same as those for D2D communications from Observation 1. So, the full SRS transmission is possible at the transmitter and the receiver can utilize the usable samples in an opportunistic manner. On the other hand, the case of the last symbol is different from that of D2D communications as observed in Observation 2. So we propose to puncture the second repetition of the SRS transmission in the last symbol of a D2D discovery subframe. In this case, the first 38 us (4.7 us for CP and 33.3 us for the first repetition of SRS signal block) is used for the transmission and the remaining 33.3 us is used for the guard period; 20 us is used for Tx-Rx switching and 13.3 us is used to accommodate timing advance for the round trip delay of up to 2 km which seems to cover most of practical cases. As discussed earlier, this additional 13.3 us for the accommodation of TA is not necessary in TDD if discovery subframes are well configured.
Figure 4 shows the proposed discovery signal format for the normal CP case. Two symbols of PUSCH DM RS are maintained and two symbols at the subframe boundary are used for SRS transmissions with puncturing out the second SRS signal block in the last symbol. The coded discovery information bits are mapped to the remaining 10 symbols following the procedure of LTE PUSCH.
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Figure 4. Proposed discovery signal format for normal CP.
4. Conclusion
This contribution discusses the timing and signal format for D2D discovery. The following observations were made in these topics:

Observation 1: Assuming that the discovery subframe boundary is exactly the same as DL subframe boundary the UE receives, the transmitter can start discovery signal transmissions from the subframe boundary. The receiver can receive the whole or a fraction of the first symbol depending on the transmission in the preceding subframe, time required for AGC, and the timing advance value of that receiver UE.
Observation 2: At least a part of the last symbol is not usable for discovery signal transmission in a discovery subframe. The time duration of the usable part is dependent of the maximum timing advance value to be accommodated in the discovery subframe in case of FDD.
Observation 3: 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.

Based on these observations a discovery signal format was proposed as summarized in the following proposals:

Proposal 1: D2D discovery signal is transmitted with the DL subframe timing received at the transmitter UE by using a modified PUSCH format:

· The first symbol is used for the full SRS transmission.

· The last symbol is used for the partial SRS transmission where the second SRS repetition block is omitted.

Proposal 2: The CP length of the D2D discovery signal is configured independently of that of WAN signals.
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