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1 Introduction
The D2D deployment simulation scenarios were agreed in RAN1#72b, including the ISD 500m layout which is mandatory for general scenario and the ISD 1732m layout which is mandatory for the specific PS scenario [1]. It was also agreed that the synchronous network and the asynchronous network are of the same priority for D2D deployment [1]. In this contribution, we analyze and calculate the length of the cyclic prefix for D2D discovery/communication in details based on these agreements.
2 Discussion
2.1 RAN4 requirements of UE transmit timing and cell phase accuracy 
According to RAN4 requirements [2], the UE initial transmission timing error shall be less than or equal to (12 TS for a 10MHz system. For the ISD 500m layout and ISD 1732m layout, the maximum absolute deviation in frame start timing between any pair of cells on the same frequency that have overlapping coverage areas shall be less or equal to 3 (s.
2.2 Deployment scenarios of D2D communication/discovery
There are two different deployment scenarios for D2D discovery and communication, the standalone (single-cell) deployment and the multi-cell deployment. The multi-cell deployment can be further classified into synchronous multi-cell and asynchronous multi-cell.
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Figure 1. Standalone (single-cell) D2D deployment.

Figure 1 describes the standalone (single-cell) deployment for D2D discovery/communication, where there is only one cell covering the UEs. For the sake of further explanation, we also show three UEs in different positions. UE A is in the cell center, while UE B and UE C are at the cell edge. Figure 1 can also be used to describe the asynchronous network case, where one UE will tune its timing to the target cell to receive the discovery/communication signals from the UEs served by this cell.
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Figure 2. Multi-cell D2D deployment: synchronous or asynchronous
Figure 2 describes an example of multi-cell deployment for D2D discovery/communication, where there are two cells that are partially overlapped. There are six UEs in different positions. UE A and UE E are located in the cell center of each cell respectively, while UE B, UE C, UE D and UE F are at the cell edge. UE C and UE D are in almost the same position but served by different cells. 
2.3 CP length analysis
For standalone (single-cell) D2D deployment, the signal Tx/Rx time line is described in Figure 3.
[image: image3.emf] 

Timing at cell edge:

Timing at cell center:

Rx: UE A Rx: UE B, UE C

1x round trip

Rx: UE C Rx: UE B

1x round trip

UE A:

cell center

UE C: 

cell edge

UE B

Cell edge

12Ts timing ambiguity


Figure 3. Rx timing of single-cell D2D deployment

In Figure 3, the solid arrow line shows the Rx timing difference of the UEs in the cell center and the UEs in the cell edge. The dash arrow line shows the timing ambiguity due to UE timing error. In order to cover all the possible signals from the UEs in this standalone cell, the receiving UE should adjust its receiving window at least 2× timing error ahead of the timing reference. For the UE who has already 1× timing error, 2× extra timing error will results 3× timing error ahead of the timing reference. Together with the timing error at the end of the round trip delay, the CP length should be larger than the time of 1× round trip time with 4× UE timing error. As shown in Figure 3, in standalone D2D deployment scenario, the timing for the cell center UE and the cell edge UE are the same.
Observations 1: for single-cell D2D deployment scenario, the CP length should be larger than the time of 1× round trip time with 4× UE timing error.
For synchronous multi-cell D2D deployment, the signal Tx/Rx time line of the cell center UE is described in Figure 4.
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Figure 4. Rx timing of synchronous multi-cell D2D deployment, cell center UE
In Figure 4, the solid arrow line shows the Rx timing difference of the UEs in the cell center and the UEs in the cell edge. The dash arrow line shows the timing ambiguity due to UE timing error and cell synchronization error. Under ideal conditions, where there is no UE timing error and the cell synchronization error, the timing difference between the Rx time for cell center UE and the Rx time for cell edge UE and neighbor cell’s UE is the time for 1× round trip. But in a real network, where there is UE timing error and cell synchronization error, the receiving UE should adjust its receiving window ahead of the timing reference. The timing adjustment should be max(2× UE timing error, 2× UE timing error +cell timing error – round trip). Consequently, the CP length should be larger than the time of max(2× cell timing error + 4× UE timing error, 1× cell timing error + 1× round trip + 4× UE timing error).

Observation 2: for multi-cell D2D deployment scenario, for the cell center UE, the CP length should be larger than the time max(2× cell timing error + 4× UE timing error, 1× cell timing error + 1× round trip + 4× UE timing error).
For synchronous multi-cell D2D deployment, the signal Tx/Rx time line of the cell edge UE is described in Figure 5.
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Figure 5. Rx timing of synchronous multi-cell D2D deployment, cell edge UE
In Figure 5, the solid arrow line shows the Rx timing difference of the UEs in the cell center and the UEs in the cell edge. The dash arrow line shows the timing ambiguity due to UE timing error and cell synchronization error. Under ideal conditions, the timing difference between the Rx time for the cell edge UE and the Rx time for UE at the other edge side of the cell is the time for 1× round trip. But in a real network, the receiving UE should adjust its receiving window at least 2× UE timing error + 1× cell timing error ahead of the timing reference. One way to achieve this goal is to have a CP length larger than the time of 2× cell timing ambiguity + 1× round trip + 4× timing ambiguity.

Observation 3: for multi-cell D2D deployment scenario, the CP length should be larger than the time of 2x cell timing ambiguity + 1x round trip + 4x timing ambiguity.
2.4 Summary of CP length and discovery/communication range
The summary of the CP length and the discovery/communication range is in Table 1.

Table 1. CP length in commercial network and PS network**
	
	Single-cell deployment
Or asynchronous multi-cell deployment
	Synchronous multi-cell deployment

	ISD: 500m (general scenario)
	>4.69 µs (to cover at least 467m)

>9.90 µs (to cover at least 1250m)*
	7.56 µs is the minimum
> 9.90 µs (to cover at least 850m)

	ISD: 1732m (PS scenario)
	>4.69 µs (to cover at least 467m)
>9.90 µs (to cover at least 1250m)*
	>12.95 µs (to cover at least 2540m)

>9.90 µs (to cover at least 1216m)


* The discovery range can be doubled (1250m (2500m) if the discovery/communication peers are at the cell edge.
**The length calculated in this table is only from the timing difference and the free space propagation delay. The multi-path delay is not included.

Observation 4: The usage scenario of the normal CP subframe configuration is limited to less than 500m range for discovery and communication. 
2.5 Subframe structure with 13OFDM symbols for D2D discovery/communication
Solutions based on increased CP length are described in this section. As one option, the extended CP OFDM symbol can be used. For another option, a subframe structure with 13 OFDM symbols is proposed in Figure 6. In this subframe configuration, the time of one OFDM symbol (144Ts+2048Ts) is reserved and split into 13 parts. Each part is added into the CP of other 13 OFDM symbols. If guard time is needed, one more OFDM symbol can be removed. 
Besides the DMRS symbols, the new subframe structure has (13-2)×12=132 REs per PRB pair to carry discovery/communication bits. Comparing with extended CP OFDM symbol subframe, which has 120 REs for discovery/communication bits, the new subframe structure can provide 10% more physical efficiency.
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Figure 6. Subframe structure with 13 OFDM symbols 
3 Conclusions
This paper discussed the timing, the CP length design and the subframe design for D2D communication/discovery. We propose:
Proposal 1: Longer CP length than 144Ts should be considered for D2D discovery/communication. 
· CP length of 304Ts is an attractive possibility
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Appendix

The RAN4 requirements of UE’s transmit timing is specified in 36.133 7.1.2[2],
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The RAN4 requirements of cell’s phase accuracy is specified in 36.133 7.4[2]
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7.1.2	Requirements


The UE initial transmission timing error shall be less than or equal to (Te where the timing error limit value Te is specified in Table 7.1.2-1. This requirement applies when it is the first transmission in a DRX cycle for PUCCH, PUSCH and SRS or it is the PRACH transmission.


Table 7.1.2-1: Te Timing Error Limit


Downlink Bandwidth (MHz)�
Te_�
�
1.4�
24*TS�
�
≥3�
12*TS�
�
Note: TS is the basic timing unit defined in TS 36.211�
�






7.4.1	Definition


Cell phase synchronization accuracy is defined as the maximum absolute deviation in frame start timing between any pair of cells on the same frequency that have overlapping coverage areas.


7.4.2	Minimum requirements


For Wide Area BS, the cell phase synchronization accuracy measured at BS antenna connectors shall be better than the requirement specified in table 7.4.2-1. If a cell’s coverage area overlaps with another cell with different cell radius then the cell phase synchronization accuracy corresponding to the larger of the two cell sizes applies to the overlapping cells with different radii.


Table 7.4.2-1  Cell phase synchronization requirement for wide area BS (TDD)


Cell Type�
Cell Radius�
Requirement �
�
Small cell�
( 3 km�
( 3 (s�
�
Large cell�
> 3 km�
( 10 (s�
�









