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1. Introduction
In RAN1#74, the D2D signal transmission timing options were updated as follows:

· A UE begins to transmit a D2D signal at the time instance of T1-T2.

· T1 is the reception timing of the D2DSS

· T2 is an offset which is positive, negative, or zero.
· Option 1: The  reference point in time for the D2D signal transmission time is derived from D2DSS received from a cell (not precluding the possibility that different D2DSSs 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 2: Void.

· Option 3: The  reference point in time for the D2D signal transmission time is derived from a D2DSS received from UE(s) (not precluding the possibility that different D2DSSs may be used at different times)

· Option 3.1: T2 is fixed in the specification.

· Option 3.2: T2 is obtained from the UE(s) 

· Option 4: The  reference point in time for the D2D signal transmission time is derived from D2DSSs  received from 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  reference point in time for the D2D signal transmission time is derived from 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
Also, a working assumption was made for discovery timing in RAN1#74bis:

· At least for discovery:

· Any UEs that do not have an active timing advance value (including RRC_Idle UEs in coverage if transmission of discovery signal is supported for such UEs, and out of coverage UEs that do not have an active timing advance value) use T2=0 

· FFS for UEs with an active timing advance value

and a WF was agreed in RAN1#75:
· Impact on cellular system of RRC_Connected D2D UEs transmitting discovery signal based on DL reference timing is to be evaluated

· If the impact on cellular system is found to be insignificant, then the following working assumption will be made:

· For type 1 discovery

· In FDD

· RRC_Connected D2D UEs transmit discovery signal based on DL reference timing (T2 = 0). 

· In TDD 

· RRC_Connected D2D UEs transmit discovery signal based on one fixed value of T2

· If the value is not 0, the working assumption for RRC_idle TDD UEs will be revisited for consistency

This contribution discusses how to determine the transmission timing of D2D discovery in the intra-cell case and inter-cell case.
2. Timing for intra-cell discovery
2.1. FDD case

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 UEs not having active TA values participate in the discovery according to the working assumption in the previous section, it is desirable for UEs having active TA values to follow the same timing in order to keep the commonality. Otherwise, the arrival time difference can be significantly increased as illustrated in the example in Figure 1. In this figure, UE1, the receiver UE, is close to UE2 which has an active TA value and follows PUSCH timing, and UE3 has no active TA value and sets T2=0 by the working assumption. As a result, the arrival time difference increases up to the propagation delay of 4R m, but we can easily observe that this time difference can be reduced to the propagation delay of 2R m if UE2 also sets T2=0.
Proposal 1: UEs having active TA values also set T2=0 when transmitting discovery signal in FDD.
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Figure 1. An example of discovery signal arrival timing difference when RRC_Connected UEs follow the PUSCH transmit timing.
If Proposal 1 is taken, there happens subframe timing misalignment between discovery subfame and WAN UL subframe due to the timing advance which applies only to WAN UL subframe. This may cause inter-carrier interference among discovery and WAN signals if they are multiplexed together in a subframe and the timing misalignment is relatively large when compared to the CP length. Such inter-carrier interference can be mitigated by configuring some guard RBs between the two signal types.
Figure 2 illustrates an example of discovery and WAN signal timing from a single UE perspective, and we can observe that the usage of the first symbol depends on the exact TA value as well as the required time for AGC while at least a part of the last symbol is not usable for discovery signal transmission due to the overlap with the following WAN UL subframe. 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 and puncturing the whole last symbol, 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. For example, if the second SRS sub-block is punctured as in [1], the TA threshold is about 13 us which is the round trip delay in 1.95 km. This case can be the baseline of the discovery subframe structure covering almost all the practical cell deployments for D2D discovery. 
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Figure 2. An illustration of signal transmission and reception timing for D2D discovery.

If the cell radius is large and it is not possible to accommodate such a large TA with the baseline configuration, the following two options can be considered.
Option 1: The ending time of discovery signal transmission is configured by the network. This implies that a UE needs to support multiple configurations with regard to the resource mapping for discovery signals within a discovery subframe. The eNB can select a proper configuration in consideration of the maximum TA value in its cell.

Option 2: The network avoids WAN scheduling in the UL subframe following a discovery subframe if such a subframe overlap is expected. For example, the eNB of a large cell skips scheduling WAN in a subframe if it follows a discovery subframe. This option leads to some performance loss but can be taken as a solution in order to keep a single discovery subframe structure if the problematic case rarely occurs in practice. 
In any of the two options, because the eNB does not have the exact TA value of the UEs, there is a possibility that the eNB underestimates the TA and WAN subframe overlaps with the preceding discovery subframe (including the guard period) as a result. This possibility can be avoided by having a large margin but this will cause resource underutilization in both options. One way to assist a suitable eNB operation is for the UE to have the functionality of reporting the situation, i.e., whether or not the WAN UL transmission affects the transmission/reception in the preceding discovery subframe.
The above discussion can be summarized in the following, and the observed partial subframe overlap and required guard period can be handled by using the discovery signal format discussed in [1].

Observation 1: If T2=0 is assumed in FDD, the transmitter can start discovery signal transmissions from the boundary of a discovery subframe. 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: If T2=0 is assumed in FDD, 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. UE reporting on the WAN and discovery subframe overlap can be considered to assist the eNB operations.
2.2. TDD case

Most of the observations made for FDD hold in TDD as well. One issue discussed in RAN1#75 was whether T2 is zero or a non-zero value in case of TDD. Specifically, it was proposed in [2] to use T2=624 Ts which is the timing advance offset used in TDD. 
In relation to the WAN subframes around a discovery subfame, T2=0 and T2=642 have the following features as illustrated in Figure 3:

· T2=0 guarantees a guard period between the end of a WAN subframe (SF #n-1) and the start of a discovery subframe (SF #n), so the first symbol of a discovery subframe is fully usable regardless of the transmission/reception operation in the previous WAN subframe.

· T2=624 Ts reduces the overlap of the end of a discovery subframe (SF #n) and the start of a WAN subframe (SF #n+1), so the impact of the timing advance for WAN is alleviated (both for option 1 and 2 discussed in Section 2.1). 

With this comparison, it can be observed that there is a tradeoff determined by the choice of T2, i.e., the first symbol or the last symbol is more usable in a discovery subframe. The precise pros and cons can be examined after the consensus is reached on topics like the required AGC time and the amount of punctured last symbol(s). 
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Figure 3. Comparison of T2=0 and T2=624 Ts in terms of WAN and discovery subframe overlap.
One issue to be specifically considered for TDD is whether a WAN subframe will exist between a set of consecutive discovery subframes and a DL subframe, i.e., whether the eNB is restricted such that a subframe following a discovery subframe is used only as another discovery subframe or a DL subframe. Figure 4 shows such an example and there is no case in which the following WAN UL subframe overlaps with a discovery subframe. If this restriction is always imposed, the entire symbols in a discovery subframe can be usable as far as the Tx/Rx switching is handled properly. Additionally, if T2 is set to 624 Ts, the whole last symbol is usable in a subframe (SF #4 in Figure 4) followed by a DL subframe because the guard period for Tx/Rx switching is already guaranteed. In order to exploit such benefit, an additional configuration needs to be supported so that the discovery signal uses the whole last symbol in those subframes.
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Figure 4. An example of the discovery subframe configuration in TDD.
Observation 3: For TDD, the pros and cons of T2=0 and T2=624 Ts can be examined after reaching consensus on several factors that affecting the usable time resources in a discovery subframe.

3. Timing for inter-cell discovery
It is possible to have a common design for intra-cell discovery and inter-cell discovery by introducing the “synchronization reference cell” for a certain set of discovery resources. All the UEs are synchronized with this reference cell in transmitting and receiving discovery signals within the corresponding discovery resources. Intra-cell discovery corresponds to the case where the reference cell is the serving cell of both the transmitter and receiver, while inter-cell discovery means that the reference cell is a non-serving cell for either the transmitter or the receiver.
If the cells are not time-synchronized, a discovery subframe boundary, which is determined by the DL signal receive timing from the reference cell, has an arbitrary timing difference from the WAN UL subframe. If a large portion of a discovery subframe overlaps with a following WAN UL subframe, the case can be handled as if the timing advance is larger than the TA threshold discussed in the previous section, i.e., not schedule any WAN UL transmission in the following subframe.
Indication of the reference cell is also beneficial in the synchronized cell deployment case. Although it is not necessary for a UE to read neighboring cell’s reference signal (e.g., PSS/SSS/CRS) for the purpose of time synchronization as far as the timing misalignment among cells are marginal, using a neighboring reference cell’s signal can be helpful in reducing the frequency synchronization error. Evaluation results in [3] showed that up to 800 Hz frequency offset can occur between two UEs connected to different cells at 2 GHz frequency and such a large frequency offset leads to substantial performance loss. Thus, providing the information on the reference cell can be beneficial even when the inter-cell discovery operates in the synchronized cell deployment. We note that a UE is already equipped with the functionality of being synchronized with a neighboring cell in order to perform RRM measurement.
It is noteworthy that more than one cell can be used as the synchronization reference cell for a certain set of discovery resources as long as those cells are tightly synchronized. A typical example is the cells created by the same site, and the cells participating in CoMP or feICIC operations can be the case as well if their synchronization is accurate enough. Thus, the network can indicate a list of synchronization reference cells for a set of discovery resources, and the UE can choose one out of them, e.g., based on the signal quality, or the results of synchronization with each individual cell can be combined to get a better performance.

In was mentioned in [4 , 5] that reading neighboring cell’s reference signal may not be feasible in all the cases due to the strong interference from the serving cell which is likely to be much closer. The problem of the interference from the serving cell can be solved by muting some time/frequency resources on which the UE reads the reference cell’s signal. Figure 5 shows the DL SINR of the best synchronization reference cell of each discovered UE under the assumption that any of the three cells created by the same cell site can be the synchronization reference to any discovery signal transmitters in the three cells. Three different network operations were assumed:

· No muting

· Muting first tier cells: DL SINR is measured at the discovery receiver by assuming that the network mutes the first tier cells around the serving cell of a discovered UE.

· Muting first and second tier cells: This corresponds to the case where all the cells are muted in the deployment scenario with 19 cell sites except for the cell site that creates the serving cell of a discovered UE.

From this result, we can observe that muting operation is helpful in direct reading the synchronization reference from a non-serving cell. The feasibility of direct cell timing acquisition is dependent of the amount of muting cells.
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Figure 5. CDF of DL SINR of the best synchronization reference cell of each discovered UE for (a) uniform dropping all outdoor (option 3) and (b) indoor-outdoor mixed dropping (option 1).
As proposed in [4], it would be beneficial to configure several consecutive subframes for the discovery resource of a reference cell (possibly leaving a few of them as Uu subframes), so it is sufficient for its neighboring cells to do such muting operation in a limited set of time/frequency resources (e.g., the center 6 RBs in a few subframes) prior to the discovery subframes. Figure 6 illustrates such muting operations among three asynchronous cells.
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Figure 6. An illustration of direct reading neighboring cell’s synchronization reference signal with resource muting.
Observation 4: For inter-cell D2D discovery, a UE can directly achieve information about the other cell synchronization reference timing with the help from resource muting.
We can consider an alternative solution proposed in [4, 5] is to relay the synchronization reference by the UEs residing in the reference cell. This can solve the problem when the above-discussed muting operation is inapplicable or insufficient, but it is also noted that this alternative requires a new operation of performing time/frequency synchronization based on the signals transmitted from UEs. Although the overall UE-signal based synchronization can be very similar to that to be introduced for D2D communications (e.g., out-network UEs’ synchronization to D2DSS transmitted from in-network UEs in the partial coverage scenario), introducing this operation would be an additional UE implementation complexity for non-public safety UEs. In addition, if an SFN-like transmission of the synchronization reference signal is used, the signal arrived at a receiver UE may have a large delay spread due to the difference in the propagation delays from the transmitters as well as the difference in transmission timing at the transmitters. So, this effect needs to be studied in evaluating the performance of inter-cell synchronization by means of UE relaying.
From the perspective of signaling to UEs, UE relaying the synchronization reference signal seems to require the indication of the synchronization reference cell. In the current LTE operations, all the necessary information about the neighboring cells is delivered by the serving cell and a UE is not needed to receive any information from the neighboring cells. If this principle is kept, the serving cell needs to indicate the set of discovery subframes used by a neighboring cell regardless of the option used for UEs to get synchronized with the neighboring cell timing. Furthermore, in order to determine the signal transmission timing, the index of the synchronization reference cell needs to be indicated to a UE at least for the set of discovery subframes in which that UE can transmit the discovery signal. Assuming that this information needs to be provided to RRC_Idle UEs having no explicit serving cell identification procedure, it would be straightforward to have a one-to-one relationship between the set of discovery subframes and the list of the synchronization reference cells so that an RRC_Idle UE is aware of the discovery subframes which are associated with its “serving cell.” Such a design already supports the operation illustrated in Figure 4 along with a proper network-side muting operation, and we can consider the option of UE relaying synchronization reference signal as a supplementary solution on top of direct reading reference cell’s synchronization signals. It is noted that, even in case of UE-relaying synchronization reference signal, a receiver UE can skip detecting the relayed reference signal as long as it can reliably detect the synchronization signal from either one of the associated synchronization reference cells.
Observation 5: Both inter-cell discovery options require network-to-UE signaling which relates the set of discovery subframes and the synchronization reference cell. This signaling method supports direct reading reference cell’s synchronization signals along with a proper network-side muting operation. 

4. Conclusion
This contribution discussed about the determination of D2D discovery signal transmission timing. The discussions are summarized in the following observations and proposals: 
Observation 1: If T2=0 is assumed in FDD, the transmitter can start discovery signal transmissions from the boundary of a discovery subframe. 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: If T2=0 is assumed in FDD, 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. UE reporting on the WAN and discovery subframe overlap can be considered to assist the eNB operations.
Observation 3: For TDD, the pros and cons of T2=0 and T2=624 Ts can be examined after reaching consensus on several factors that affecting the usable time resources in a discovery subframe.

Observation 4: For inter-cell D2D discovery, a UE can directly achieve information about the other cell synchronization reference timing with the help from resource muting.
Observation 5: Both inter-cell discovery options require network-to-UE signaling which relates the set of discovery subframes and the synchronization reference cell. This signaling method supports direct reading reference cell’s synchronization signals along with a proper network-side muting operation.

Proposal 1: UEs having active TA values also set T2=0 when transmitting discovery signal in FDD.
Proposal 2: The network signals one-to-one relationship between a set of discovery subframes and a list of synchronization reference cells to facilitate inter-cell D2D discovery. Further study is needed on UE relaying synchronization reference signal as a supplementary solution.
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Appendix. Simulation assumptions for Figure 5
	Carrier frequency
	2GHz

	Layout
	The typical 19-cell and 3-sectored hexagon system layout

	Inter-site distance
	500m

	Macro antenna pattern
	3D in TR 36.814

	System bandwidth
	10MHz

	Total number of UEs
	8550 (i.e., 150 UEs  per sector)

	UE dropping
	Uniform dropping all outdoor (option 3), indoor-outdoor mixed dropping (option 1)

	Discovery resource determination
	Random resource selection (10 % transmission probability, 2-RB discovery resource unit)

	UE mobility
	3km/h

	UE transmission power 
	23 dBm
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