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1. Introduction
In RAN1 #74 and #75 meeting, the transmission timing of D2D signal was discussed and the working assumption for the value of T2 is summarized as below:
· 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 

· 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 further discuss the value of T2 based on the above working assumption.
2. Discussion
2.1. Value of T2 for discovery
For RRC_CONNECTED UEs in FDD, T2=0 was proposed by many companies. With T2=0, the timing difference between D2D subframe and cellular subframe may introduce some problems. As shown in Figure 1, the difference between receiving time in eNB of D2D signal and the PUCCH in the same subframe from other UEs would be about TA. The impact of this timing difference to PUCCH transmission is evaluated in Figure 3. If a D2D subframe is followed by a cellular UL subframe, there will also be an overlapping area with duration of TA. For the overlapping area ∆T=TA, as described in [1], a GP can be introduced to avoid the interference from different UEs and overlapped transmission/receiving in the same UE. Also, if a UE wants to transmit uplink signal in cellular subframe and receives D2D signal in the next subframe, there will be not enough time for Tx-Rx switching. In this case, as analyzed and evaluated in [2], puncturing the discovery signal with length of 20us in the first D2D subframe can be considered with negligible performance loss.
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Figure 1: The timing relationship of discovery subframe and UL cellular subframe for T2=0 in FDD

For RRC_CONNECTED UEs in TDD, the discovery signal can be transmitted based on one fixed value of T2, and the candidates are T2=0 and T2=624Ts. With T2=624Ts in TDD, the receiving time difference between D2D signal and cellular signal would be TA, which is the same as that in FDD with T2=0. The solutions for FDD described above can be reused for TDD. With T2=0, the time difference would be increased to 624Ts+TA. This would lead to higher interference to the legacy PUCCH transmission in the same subframe, and may require larger GP at the end of D2D subframe for overlapping area. 
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Figure 2: The timing relationship of discovery subframe and UL cellular subframe in TDD
Link level simulation is performed to study the performance impact of PUCCH transmission by asynchronized discovery signal. It is assumed that the timing difference between discovery signal and PUCCH in the same subframe from different UEs is 2us (which is about the maximal TA value for 500m ISD and denoted as ∆T in Figure 3) in case of T2=0 in FDD and T2=624Ts in TDD. The discovery signal is assumed to transmit just in the neighboring PRB-pair of PUCCH as interference source. The receive power of D2D signal in eNB is assumed to be ∆P dB higher than that of PUCCH signal. From the results in Figure 3-5, the PUCCH performance is not impacted by neighboring discovery signal in case of ∆T=2us even with large ∆P. For ∆T=624Ts(20us)+2us, the PUCCH performance degrades when the receive power of D2D signal is higher (e.g.10~30dB) than PUCCH signal. This power difference can be a general scenario if no additional restriction to D2D signal (e.g. per UE power control [3]) is introduced.
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Figure 3: The performance of PUCCH format 1a with interference from discovery signal
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Figure 4: The performance of PUCCH format 2a with interference from discovery signal
[image: image5.emf]-16 -14 -12 -10 -8 -6 -4 -2 0 2 4

10

-4

10

-3

10

-2

10

-1

10

0

BLER

BLER of PUCCH format 3

SNR(dB)

 

 

TE=0us P= 0dB

TE=2us P= 10dB

TE=2us P= 20dB

TE=22us P= 10dB

TE=22us P= 20dB


Figure 5: The performance of PUCCH format 3 with interference from discovery signal

From the above analysis and evaluation, T2=0 in FDD and T2=624Ts in TDD can be applied to transmission timing of discovery signal for RRC_CONNECTED UEs to avoid the interference to legacy PUCCH, and also for consistent performance and solutions in FDD and TDD system. In TDD, the same value of T2=624Ts should also be used for RRC_IDLE UEs and out-of-coverage UEs to avoid additional interference.
Proposal 1: For D2D UEs in FDD, T2=0 for discovery.
Proposal 2: For D2D UEs in TDD, T2=624Ts for discovery.
2.2. Value of T2 for communication
For D2D communication, the same transmission timing and T2 as that for discovery is preferred, since it can avoid the complexity to remain multiple timing for D2D transmission and support TDM/FDM between discovery and communication signal better. 

For out of coverage UEs and RRC_IDLE UEs in coverage (if communication transmission is supported for such UE), no TA is available and the same T2=0 as that of discovery is a natural choice. If T2=TA is used for RRC_CONNECTED UE, the communication and resource multiplexing between RRC_CONNECTED and RRC_IDLE UE will be a issue, especially when distributed resource allocation is adopted. Hence, at least when D2D communication is supported for RRC_IDLE UEs, T2=0 in FDD and T2=624Ts in TDD should also be applied to D2D communication.
Proposal 3: The same value of T2 as that for discovery is used for communication if D2D communication is supported for RRC_IDLE UEs.

3. Conclusion 

In this contribution, we discuss the value of T2 for transmission timing of D2D discovery and communication. Some options are discussed and compared with evaluation results. The proposals are summarized as follows:
Proposal 1: For D2D UEs in FDD, T2=0 for discovery.

Proposal 2: For D2D UEs in TDD, T2=624Ts for discovery.
Proposal 3: The same value of T2 as that for discovery is used for communication if D2D communication is supported for RRC_IDLE UEs.
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5. Appendix
Table 1: link level simulation assumptions

	Simulation Parameters
	Values

	UE antenna configuration
	1 TX 2 RX

	UE Number
	2

	Channel model
	ITU UMI NLOS

	Bandwidth
	10 MHz

	Discovery signal format
	2RB PUSCH with two slots

	Multiple access type
	SC-FDMA

	Modulation type
	QPSK

	Discovery message size
	104bits

	UE mobile speed
	3km/h

	CP type
	Normal CP

	Receiver
	MMSE

	Payload of PUCCH
	1 bit for format 1a

11 bits for format 2a

8bits for format 3






















































































_1452085508.vsd
T1-TA


UL subframe


D2D subframe


T1


T1-TA


TA


∆T=TA


UL subframe


PUCCH


T1-TA



_1452087545.vsd
D2D subframe


UL subframe


UL subframe


T1


T1-624Ts-TA


624Ts+TA


T1-624Ts-TA


∆T=624Ts+TA


D2D subframe


UL subframe


UL subframe


T1-624Ts


T1-624Ts-TA


∆T=TA


TA


T1-624Ts-TA


T2=624Ts


T2=0


PUCCH


T1-624Ts-TA


PUCCH


T1-624Ts-TA



