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1 Introduction
At the RAN1 #76 meeting, the working assumption on timing was agreed as follows [1]:
· For type 2B discovery, 

· In FDD

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

· FFS possible solutions to address overlap between uplink cellular and D2D

· In TDD 

· RRC_connected and RRC_idle D2D UEs transmit discovery signal based on T2 = 624Ts

· FFS possible solutions to address overlap between uplink cellular and D2D
At the RAN1 #74 meeting, the agreement about inter-cell discovery was reached as below [2]:
· For inter-cell discovery, synchronous and asynchronous cells deployments should both be studied

· The following two options for inter-cell discovery can be considered, including their potential applicability in different scenarios

· By directly or indirectly achieving information about the other cell synchronization reference timing 
· By decoding/detecting asynchronous discovery messages/signals without necessarily prior knowledge of the associated message/signal’s synchronization

· The detailed solution is FFS
In this contribution, we mainly discuss: 1) timing for Type 2B and 2) timing for communication, and 3) timing of in-coverage D2D in inter-cell case. 
2 Type 2 discovery timing
At RAN1 #76 meeting, two choices were listed regarding the transmission timing of type 2B discovery if RRC_Idle UEs are not able to transmit type 2B discovery: 1) TA for FDD, 624Ts +TA for TDD; 2) T2 = 0 for FDD/T2 = 624Ts for TDD. The former has no impact on WAN UL data at eNB. And in the latter, the receive timing of UEs can be more aligned. As shown in Fig.1, “td” denotes the propagation delay between the Tx UE and Rx UE. In Case (a), discovery signal is transmitted based on TA. And in Case (b), discovery signal is transmitted based on T2 = 0. 
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Figure 1 comparison of timing with TA and DL timing
With the design principle that UL WAN transmission is always prioritized and consideration of most Rx UEs with RRC_Idle state, we prefer timing Choice 1) TA for FDD, 624Ts +TA for TDD.
Proposal 1: If RRC_Idle UEs are not able to transmit type 2B discovery, value of T2 for type 2B discovery transmission should be TA for FDD, and  624Ts +TA for TDD.
3 Timing for communication
a) Mode 1

According to the agreement on RAN1 #76, a UE can operate in two modes for resource allocation from the perspective of transmitting UE. For mode 1, eNB or rel-10 relay node schedules the exact resources for a D2D UE. And for mode 2, a D2D UE transmits data and control information on the resources selected by this UE on its own way from resource pools.
For mode 1, D2D UE can get a valid TA value. It is a natural choice for D2D UEs that transmit communication data with timing of TA for FDD, 624Ts +TA. In this way, D2D transmissions have no impact on WAN since there is no misalignment between D2D signals and WAN signals at eNB receiver.
Based on the transmission timing of TA, two options can be considered for receive timing of communication data in intra-cell case.

1) D2D UEs receive communication data base on the TA of the Tx UE. The TA is indicated in SA which includes control information corresponding to communication data.

2) D2D UEs receive communication data with DL timing, i.e. T2 = 0.
For option 1), if a Rx UE is in close proximity to a Tx UE, as shown in case (a) of Fig. 2, communication data can align with receiving timing exactly at the Rx UE. When the Rx UE is far away from the Tx UE, as shown in case (b) and (c) of Fig. 2, there may be a misalignment because of propagation delay and difference of DL timing between the Rx UE and the Tx UE. The cost of this option is the overhead to indicate TA in SA. On the other hand, Rx UEs may receive communication data with multiple timing references corresponding to different Tx UEs. This may increase the complexity of the process at Rx UEs.

One of the advantages of option 2) is no need to indicate TA in SA. Though a misalignment may exit at Rx UE because of timing difference, such misalignment can be absorbed by normal CP as long as the cell radius is not too large. Moreover, in case (c) of Fig. 2, option 2) is more advantageous than option 1) because propagation delay can offset the misalignment to a certain extent.
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Figure 2 an illustration for cases of communication timing
In view of comparison above, we support option 2) as the receive timing for communication data.

For SA, T2 = 0 can be used as transmission timing. This can make reception of SA easy at Rx UEs by DL timing reference. Although there may be a misalignment between SA and WAN signal at eNB receiver, the impact on WAN is small because of the long period and small data size. 
Proposal 2: For mode 1 communication, SA is transmitted and received with T2 = 0 for FDD/T2 = 624Ts for TDD. Communication data is transmitted with T2 = TA for FDD/T2 = 624Ts+TA for TDD and received with T2 = 0 for FDD/T2 = 624Ts. 
b) Mode 2
As discussion above, mode 2 UEs in general have no TA. And it is appropriate that both communication and SA are transmitted with T 2 = 0.
Proposal 3: For mode 2, both communication and SA are transmitted and received with T2 = 0 for FDD/T2 = 624Ts for TDD.
4. Discussion on D2D timing for inter-cell
At the RAN1 #74 meeting, it is assumed that both synchronous and asynchronous deployments should be studied for inter-cell discovery. For communication, inter-cell case exists also. The following discusses timing for inter-cell discovery and communication.
4.1 Synchronous network deployments
For synchronous deployments, DL timings of different eNBs are aligned. 

D2D UEs belong to different cells in synchronous deployments can transmit and receive discovery/communication signals based a single timing reference. Also the configuration of the D2D resource should be common over the entire network.

Proposal 4：For synchronous deployments, the scheme of timing for inter-cell is the same as that of intra-cell, i.e. T2 = 0 for FDD system and T2 = 624Ts for TDD system.
4.2 Asynchronous network deployments
In asynchronous deployments, DL timings of different eNBs are asynchronous and the time offset between two adjacent eNBs can be arbitrary.

For receiving UEs, the information about the timing of transmitters and the configurations of the D2D resources in neighboring cells should be known. To achieve that, the following options may be considered:
(1) D2D UEs acquire the timing of neighboring cells directly from the downlink synchronization signals sent from neighboring cells.
(2) D2D UEs acquire the timing of neighboring cells from the synchronization signals relayed by the UEs at the edge of neighboring cells.

(3) D2D UEs acquire the timing of neighboring cells from the downlink synchronization signals of neighboring eNB directly or the synchronization signals relayed by the UEs at the edge of serving cell.
(4) UEs acquire the information of timing of neighboring cells from the synchronization signals sent by neighboring eNBs. Then those UEs report this information to serving eNB. Serving eNB informs all D2D UEs.

System level simulation basing on discovery is carried out to compare option (1), (2) and (3). SINR CDFs of PSS are shown in Fig. 3. Detailed simulation parameters are listed in the Appendix.
The red curve shows the SINR CDF of Rel-8 PSS seen by the neighboring cell UEs. In asynchronous deployment, PSS and PDSCH in neighboring cells would interfere with each other, which can cause severe degradation of PSS detection at cell edge. It is understandable that the cell searching and handover performance of asynchronous operation tends to be worse than synchronous operation.
The green curves show the SINR CDFs of UL PSS seen by the neighboring cell UEs. We pick five best UEs at the cell edge to forward the timing reference of their serving cell to neighboring cell UEs. From the comparison, it is observed that the performance of option (2) is slightly better near the upper tail. If we set the threshold of PSS detection to be -9dB, 5% UEs in option (1) and 11% UEs in option (2) can meet that threshold.
The blue curves show the SINR CDFs of the combination of Rel-8 PSS and UL PSS seen by the neighboring cell UEs. For UL PSS, we pick randomly one UE which received PSS of neighboring cells with the SINR over -6dB to relay the timing reference of neighboring cells. From the CDF curves, we can see that option (3) has a slight advantage over option (1) and (2).
For option (4), further evaluation is needed.
[image: image3.png]CDF

option1
option2
option3

UE SINR





Figure 3 SINR CDF of PSS received by option (1) ,(2)and (3)
Observation 1: The strong interference of PDSCH degrades the performance of the detection of neighboring cell's PSS for D2D UEs in asynchronous networks.
Observation 2: Jointly relying on the neighboring cell's PSS and forwarding neighboring cell's PSS by serving  cell can show some gain over using each scheme separately.
5. Conclusion
Proposal 1: If RRC_Idle UEs are not able to transmit type 2B discovery, value of T2 for type 2B discovery transmission should be TA for FDD / 624Ts +TA for TDD.
Proposal 2：For mode 1 communication, SA is transmitted and received with T2 = 0 for FDD/T2 = 624Ts for TDD. Communication data is transmitted with T2 = TA for FDD/T2 = 624Ts+TA for TDD and received with T2 = 0 for FDD/T2 = 624Ts.
Proposal 3：For mode 2, both communication and SA are transmitted and received with T2 = 0 for FDD/T2 = 624Ts for TDD
Proposal 4：For synchronous deployments, the scheme of timing for inter-cell is the same as that of intra-cell, i.e. T2 = 0 for FDD system and T2 = 624Ts for TDD system.
Observation 1: The strong interference of PDSCH degrades the performance of the detection of neighboring cell's PSS for D2D UEs in asynchronous networks.
Observation 2: Jointly relying on the neighboring cell's PSS and forwarding neighboring cell's PSS by serving  cell can show some gain over using each scheme separately.
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	Appendix: Simulation assumption for Figure 3
Parameter
	Assumption

	Layout
	Option 1: Urban macro (500m ISD) + 1 RRH/Indoor Hotzone per cell

	Channel model
	According to TR 36.843 v0.2.0

	Carrier frequency
	2G MHz

	System bandwidth
	10 MHz

	Network synchronization
	All eNodeBs are synchronized

	UE antenna configuration
	1 TX 2 RX

	Transmit power
	23dBm, Antenna gain 0 dBi, Noise figure 9 dB

	Number of D2D UEs per sector
	150 UEs

	UE drop for D2D UEs, for discovery
	As described in TR 36.843 v0.1.0

	Discovery Bandwidth
	44RBs

	Discovery subframes number in one period
	16

	Discovery signal format
	1 Or 2 PRB PUSCH with two slots

	Resource allocation
	Random allocation within each period as baseline

	In-band emission
	[W,X,Y,Z] = [3,6,3,3]dB

	Multiple access type
	SC-FDMA

	Modulation type
	QPSK

	UE mobile speed
	3km/h
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