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1 Introduction
In RAN1 #73, the transmission timing for D2D signals was discussed and the following options were identified for further study for D2D within network coverage. 
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 5: The synchronization reference is transmitted by an external source, e.g. GNSS
· For D2D discovery signal within NW coverage, Options 1&5 are considered for further study.
· For D2D communication signal, at least option 1.3 is supported for within NW coverage
The paper discusses several D2D timing control methods for D2D within network coverage and analyzes the potential resultant timing offsets and interference within two example scenarios. Finally we make some proposals for the D2D timing control. 
2 Timing control in LTE uplink

In the LTE uplink, orthogonal multiple access is obtained by making the transmissions from different UEs aligned in time at the eNB receiver, avoiding intra-cell interference between UEs on adjacent subframes or on adjacent subcarriers. The time alignment is achieved through the timing advance (TA) commands from the serving cell that advance the UE transmit timing to counteract the propagation delay between the serving cell and the UE, as shown in Figure 1. For the UEs in RRC_Idle state, since there is no UL synchronization (thus no TA commands), there is only reception timing information at the UEs that is obtained from the DL synchronization (as UE3 in Fig.1). 
For the D2D transmissions (both discovery and direct communications) in LTE networks, especially in case of co-channel configuration, the transmission timing of the D2D UEs must be controlled appropriately to avoid potential interference to the cellular networks and potential cross-interference among the D2D transmissions. 
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Figure 1: Timing alignment in LTE system
3 Timing control of D2D in network coverage
3.1 Introduction and assumptions

In this section, we discuss some possible timing control schemes for the D2D transmissions within network coverage. It is assumed that transmit timing control is only for the D2D UEs in RRC_Connected state. For the UEs in RRC_Idle state, it may be reasonable to assume that at most they are only involved in receiving the discovery signals of other D2D UEs. Note that the discussions here are valid only for the assumption that D2D transmissions use the uplink spectrum/subframes in the LTE network, as agreed in RAN1#73. 
Several timing control schemes are discussed for D2D transmissions in the next sections: 
· Method-1: Timing based on LTE network assigned TA scheme - D2D UEs comply with the timing advance commands in D2D transmissions just as they do in the traditional cellular transmissions - (Option 1.3 as mentioned above with T2=two times propagation delay)
· Method-2: Timing based on adjusted TA -   adjustment of transmission time is made based on the timing advance commands such that all D2D transmissions align with the common eNB transmitting timing – (Option 1.3 as mentioned above with T2= propagation delay)
· Method-3: Timing based on the reception timing of the synchronization signal from eNBs with possible fixed adjustment - (Option 1.1&1.2, T2=0 or some fixed value)
In the next subsections, we will discuss the potential issues with the above schemes in two example scenarios as shown in Figure 2, where figure 2(a) represents an intra-cell D2D transmission case, while figure 2(b) represents a D2D transmission case in a heterogeneous cellular network including a macro cell and a small cell. In the figures, the solid lines denote the useful signals and the dashed lines denote the potential interference (with index above the dash line). 
Some assumptions and notations are as follows:

· UE-A/B are in the cell centre in scenario 1 and at the cell edge in scenario 2. UE-C/D are at the cell edge in both scenarios 1 and 2. 

· D1 (D2) denotes the propagation delay from macro (small) cell eNB to cell edge. 

· The D2D link distance is neglected since it is expected to be small compared to the cell radius (i.e., the transmitter and receiver are at approximately the same location). 

· UE-A/B and UE-C/D in scenario 2 are at approximately the same location. 

· UE-E at scenario 1 is at approximately the same location as UE-D. 

· In scenario 2, the macro eNB and small cell eNB are assumed to be synchronised with each other. 
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(a) Scenario 1 intra-cell                               (b) Scenario 2 inter-cell
Figure 2: Example scenarios for timing analysis
3.2 Timing analysis
For the scenarios under the assumptions mentioned above, the timing offsets of the various potential interferences relative to their respective useful signal are analyzed for the three timing control schemes, as follows. 
Method-1: Timing based on LTE-network assigned TA for D2D transmissions

In this scheme, the D2D UEs set their D2D transmission times in accordance with the timing advance commands from the eNB. In this case, the timing offsets of the various interferences (denoted by dashed lines in Fig. 2) relative to their respective useful signal are listed in table 1. Here D1 and D2 denote the propagation delays from eNB to cell edge for macro eNB and small cell eNB, respectively. Note that a positive (negative) value means the interference is behind (ahead of) the useful signal by the offset. For example, the offset 2D1 for interference (1) at scenario 1 is illustrated in Fig. 3. 
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Figure 3: Illustration of timing offset of interference (1) at scenario 1
Table 1: Timing offset of interference relative to useful signal for cellular timing for D2D
	Interference
	Scenario 1
	Scenario 2

	(1) A-B to C-D
	2D1
	-(D1-D2)

	(2) C-D to A-B
	0
	(D1-D2)

	(3) A-B to MeNB
	0
	0

	(4) C-D to M(S)eNB
	0
	0

	(5) A-B to SeNB
	-
	-(D1-D2)

	(6) C-D to MeNB
	-
	(D1-D2)

	(7) E-MeNB to C-D
	0
	-


Method-2: Timing based on Adjusted TA for D2D transmissions
In this scheme, some adjustment is made to the received timing advance commands such that all the D2D transmissions align with the common eNB transmitting timing. This can be implemented by adjusting the transmission timings of the D2D UEs for the received cellular time advance. In this case, the timing offsets of the various interferences relative to their respective useful signal are shown in table 2. For example, the offset D1 for interference (1) at scenario 1 is illustrated in Fig. 4.
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Figure 4: Illustration of timing offset of interference (1) at scenario 1
Table 2: Timing offset of interference relative to useful signal for adjusted timing for D2D
	Interference
	Scenario 1
	Scenario 2

	(1) A-B to C-D
	D1
	0

	(2) C-D to A-B
	D1
	0

	(3) A-B to MeNB
	0
	D1

	(4) C-D to M(S)eNB
	D1
	D2

	(5) A-B to SeNB
	-
	D2

	(6) C-D to MeNB
	-
	D1

	(7) E-MeNB to C-D
	- D1
	-


Method-3: D2D transmission timing based on the reception timing:

In this scheme, the D2D transmission timing is based on the reception timing of synchronization signals from eNBs possibly with a fixed adjustment, specified explicitly in standards or configured by eNB. This timing control method makes more sense for idle UEs which generally only have the reception timing information. In this case, the timing offsets of the various interferences relative to their respective useful signal are shown in table 3. Note in this table, no adjustment is used. For example, the offset D1-D2 for interference (1) at scenario 2 is illustrated in Fig. 5.
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Figure 5: Illustration of timing offset of interference (1) at scenario 2
Table 3: Timing offset of interference relative to useful signal for timing based on reception timing

	Interference
	Scenario 1
	Scenario 2

	(1) A-B to C-D
	0
	D1-D2

	(2) C-D to A-B
	2D1
	-(D1-D2)

	(3) A-B to MeNB
	0
	2D1

	(4) C-D to M(S)eNB
	2D1
	2D2

	(5) A-B to SeNB
	-
	D1 +D2

	(6) C-D to MeNB
	-
	D1 +D2

	(7) E-MeNB to C-D
	- 2D1
	-


3.3 Observations and further considerations
From the analysis above, we can make the following observations:
· For the intra-cell scenario, if the cellular TA based timing for D2D is applied, the D2D transmissions have no cross-interference (from the timing perspective) with cellular transmissions, while there may be some potential cross-interference between the D2D links due to the timing offset (which may not be a serious issue if appropriate power control is used). If the adjusted TA based timing is used, the number of transmissions with non-zero timing offsets increase, but the maximum timing offset is halved. 
· For the heterogeneous inter-cell scenario, the potential interference from D2D to cellular transmission could be mitigated to some extent by applying the network assigned TA timing for D2D, while the potential cross-interference between different D2D transmissions could be mitigated by using the adjusted timing. 

· In both scenarios, the D2D transmission timing based on reception timing without adjustment (i.e., T2=0) leads to relatively serious timing offset (thus potential interference) for both cellular transmissions and D2D transmissions. 
In order to avoid the potential interference between D2D and cellular and between different D2D links due to timing offsets, some guard time could be inserted in the D2D transmissions. In this case, we can see that all the potential interferences shown in table 1 and 2 could be avoided. 
4 Conclusions
In this paper, three timing control methods for D2D transmissions in LTE network coverage are discussed. From the analysis, we make the following observations:
· All the considered methods lead to some timing offsets and potential interference between D2D links and cellular links.

· For minimizing interference to the cellular network, using the unmodified TA from the eNB is preferred, while for minimizing interference between D2D links, an adjusted transmission timing method is preferred.
· The timing based on reception timing without adjustment may lead to relatively serious timing offset and potential interference for both cellular transmissions and D2D transmissions. 
· In all the cases, interference due to timing misalignment may be avoided by using some guard time within the D2D transmissions.

Proposal-1: D2D transmissions under network coverage follow the timing advance commands from the serving eNB without modification. 

Proposal-2: The potential benefit of using guard periods in the D2D transmissions to avoid time misalignment interference between D2D transmissions should be evaluated. 
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