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1. Introduction
In last RAN1 meeting, D2D transmission timing was discussed for both communication and discovery. There was an agreed way forward [1]:
Agreed way forward:

· 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.
In this contribution, we share our views on potential issues of the D2D transmission timing based on DL reference timing, mainly focusing on the interference among D2D signals and CUE signals. Then initial simulation results are given to see the impact of D2D signals on cellular system based on the assumption that all DUEs transmit signals according to DL reference timing.
2. Discussions

In the current D2D discussion, RRC_Idle DUEs are not precluded from participating in D2D operation. Taking D2D discovery for example, RRC_Idle DUE will transmit D2D signal at T1. For Type1 resource allocation of D2D discovery, resources consisted of a number of subframes and PRBs are semi-statically configured, possibly when the UEs are within the NW coverage. Each DUE will select one resource unit to transmit D2D discovery signal. eNB has no idea of which time-frequency resource is actually used by which DUE. If one cellular UE (CUE) is scheduled at the same subframe, interference between D2D UE and CUE may occur, due to both in-band emission and inter symbol interference (ISI), where the latter is caused by the misalignment between the received CUE and DUE signals.
In the following text, we will analyze the impact of D2D signal to CUE signal when assuming the D2D Tx timing is based on its DL receiving timing. Then the impact of ISI and ICI caused by D2D signals to CUEs signal are exhibited from simulation results. 
2.1. Analysis
As depicted in Fig.1, a cell-edge DUE (DUE1) transmits a D2D signal in one resource unit from the configured resource pool. At the same time, a CUE is scheduled to transmit PUSCH to the eNB. Due to lack of or no use of active timing advance value for DUE1, the D2D signal will arrive at the eNB after the arrival of CUE signal. The arrival time difference between a D2D signal and CUE signal at the eNB side is as large as 2r/c (r is cell radius), which is about 6.67us for a 1732-ISD system. It can be seen that the value is larger than the current normal CP length, generating ISI. Moreover, if a D2D signal is transmitted with the maximum power, i.e., 23dBm, considerable interference power will be generated at eNB side even the interference is from a cell-edge DUE. 
If all DUEs use DL reference timing as its Tx timing, ISI problem between D2D signal and CUE signal will get even worse because the arrival time difference between D2D signal and CUE signal at eNB is likely beyond the normal CP length. The same problem also exists for D2D communications.

Observation: When a D2D UE transmits a D2D signal at T1, it will cause ISI to regular Cellular UE UL transmissions due to late arrival time.
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Fig.1 Example of interference from D2D signal to CUE signal
2.2. Simulation Analysis
In this subsection, we give simulation results to describe the ISI impact on CUE signals from the viewpoint of eNB receiver. 
Link level simulations are firstly used to study the ISI impact on the performance of decoding CUE signal. As shown in Fig.2, the performance of decoding CUE, measured by symbol error rate, is plotted under different cases with different arrival time differences, received power and interval of starting PRB for CUE signal and D2D signal. Here SIR is the ratio between the received CUE signal power and D2D signal power (on separate PRBs) at the eNB. T-delay means the arrival time differences for CUE signal and D2D signal received at eNB. Delta-RB indicates the difference of the starting PRB positions between CUE signal and D2D signal. 
The symbol error rate of CUE under ISI is compared to that of CUE signals without ISI. It can be seen that with ISI, the symbol decoding probability is largely reduced. To be specific, in the case of fixed arrival time difference (i.e., 6.67us time delay of the D2D signal in the simulation), the performance of decoding CUE signal is reduced more with larger received power difference at eNB. Meanwhile, the closer between CUE signal and D2D signal in the frequency domain, the larger interference D2D UE will cause to the CUE signal, thus lowering the CUE decoding performance. 
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Fig. 2(a) ISI impact, with different SIR conditions;     Fig. 2(b) ISI impact, with different Delta-RB conditions
Besides, the impact of D2D signals on CUE signals from the CUE SINR point of view is calculated when D2D signals are transmitted at T1. As analyzed in section2.1, the arrival time of D2D signals at eNB side will fall behind that of CUE signals, assuming D2D signals are transmitted at the DL receiving timing. In this way, a scheduled CUE at subframe #n will be interfered by DUE transmitters both at subframe #n-1 and subframe #n, as depicted in Fig.3. Hence, during the simulation, the interference from DUE transmitters in subframe #n-1 and subframe #n to the CUE scheduled in subframe #n is studied. 
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Fig.3 Arrival Time of CUE signal and DUE signal at eNB side

In the simulation, CUE is uplink synchronized and D2D signals are transmitted based on each DUE’s DL receiving timing from its serving eNB. CUEs and DUEs are FDM-ed by occupying different PRB resources. When a CUE transmits PUSCH by using randomly selected PRBs in the nth subframe, DUEs who transmit D2D signals by using PRBs in the (n-1)th subframe and nth subframe could be interferers at the eNB receiver. The CUE SINR is calculated as follows:
· Desired signal power is the sum of the desired CUE PUSCH power measured at the RBs used by the scheduled CUE after FFT;

· Interference power is sum of ICI and ISI measured at the RBs used by the scheduled CUE after FFT when the D2D transmitters transmit D2D signals on the FDM-ed selected PRB resources;

· In order to evaluate the interference of ICI and ISI from DUE, inter-cell interference among CUEs’ PUSCH is not included.
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Fig.4 ISI Impact on All CUE SINR 
Detailed simulation parameters are listed in the Appendix. Fig.4 shows the simulation results by plotting CDF of CUE SINR. It is obvious that if D2D transmission timing is based on DL receiving timing, CUE signal experiences ISI and ICI caused by arrival time misalignment in the case of normal CP. The simulation is performed in the scenario of D2D broadcast communication. Note that in the case of D2D discovery, the D2D interference to CUE signal would be even worse considering the large number of D2D UEs transmitting D2D discovery signals. Therefore, careful design of the D2D transmission timing is needed considering interference between D2D signals and CUE signals. 
Proposal: Careful design of the D2D discovery signal transmission timing is needed considering interference between D2D signals and Cellar UE signals.
3. Conclusions
In this contribution, potential issues for D2D discovery signal transmission timing were analyzed mainly from the aspect of interference between D2D signal and CUE signal. It was observed that,

Observation: When a D2D UE transmits a D2D signal at T1, it will cause ISI to regular Cellular UE UL transmissions due to late arrival time.

Then simulation results were given to show the impact from D2D ISI on CUE signal. It was shown that a CUE signal would experience ICI and ISI due to non-time alignment for the arrival of CUE signal and D2D signal at eNB side. It is proposed that,

Proposal: Careful design of the D2D discovery signal transmission timing is needed considering interference between D2D signals and Cellular UE signals.
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Appendix

LLS Simulation Assumptions:

	Parameters
	Assumption

	System Bandwidth
	10MHz

	Antenna Number 
	1Tx, 2Rx

	Channel Type
	EPA

	FFT size
	1024

	CP size
	Normal CP (72samples)  

	CUE/DUE PRB number
	6RB, FDM


Simulation Assumptions of CDF of CUE SINR
	Parameters
	Assumption

	Layout
	Hexagonal grid, 7 cell sites, 3 sectors per site, wrap around

Option 5: Urban macro (1732m ISD) Uniform UE drop

	Number of buildings per Macro cell 
	2

	Number of dropped UEs
	32 UEs / Macro cell area 

	Transmitter number per Macro cell area
	3

	Communication type
	Broadcast

	Macro-UE minimum distance
	35m

	UE-UE minimum distance
	3m

	Bandwidth
	10MHz

	D2D resource pool
	6RBs * 2 in frequency domain

	CUE resource pool
	6RB*4 in frequency domain

	UE Transmit power
	23dBm

	FFT size
	1024

	CP size
	Normal CP (72samples)

	Multi-path model
	ETU

	Network Synchronization
	Synchronous network
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