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1 Introduction
At the RAN1 #74bis meeting, the working assumption on timing of discovery type 1 was agreed as follows [1]:
· 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 

· FFS for UEs with an active timing advance value
At the RAN1 #75 meeting, the following way forward about discovery type 1 was achieved [2]:
· 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
At the RAN1 #74 meeting, the agreement about inter-cell discovery was reached as below [3]:
· 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 the value of T2 for transmission timing of discovery UEs that have active timing advance value in intra-cell case, and the timing of receiving UEs in inter-cell case within network coverage scenario. 
2 Discussion about D2D discovery timing for intra-cell discovery
For those D2D UEs not having an active TA value, the value of T2 should be T2 = 0 according to the working assumption in RAN1#74. For RRC_Connected D2D UEs with type 1 discovery, a way forward was agreed at RAN1 #75 that D2D UEs transmit discovery signal should be T2 = 0 in FDD system and a fixed value in TDD system. We analyze the impact of T2 value as below.
Considering the above-mentioned working assumption of T2 = 0 for idle UEs in TDD system, T2 = 0 would be the choice for active UEs for consistency reason. However,  T2 = 0 may bring a conflict between discovery subframe and the WAN subframe preceding or following discovery subframe due to the TA and the guard period (GP) for Tx-Rx switching. When (TA+GP) is larger than CP, the reception of WAN UL data would be impacted by D2D discovery signals. As illustrated in Fig. 1, UE1 uses the TA for UL WAN transmission and T2 = 0 for the discovery signal transmission. When UE2-eNB distance is comparable with that of UE1-eNB, the conflict between UE1 and UE2 is negligible at eNB receiver. If the TA is less than CP, the timing offset can be absorbed by CP. The max distance between UEs and eNB is about 700 meters. The closer UE2 is to the eNB, the less impact on reception of WAN UL data. On the other hand, when UE2 is farther away to the eNB than UE1, the discovery signal from UE2 will affect the reception of WAN UL data.
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Figure1 An illustration the impact of D2D UEs at eNB receiver
Fig. 2 shows the case when T2 = 0 is set for a discovery subframe, sandwiched between two WAN subfames before and after. Assuming suframe n is used for transmitting or receiving D2D discovery signals with T2 = 0, the preceding suframe n-1 which may be a WAN UL subframe or a special subframe. In consideration of guard period for Tx-Rx switch, if the value of TA for subframe n-1 is larger than Tx-Rx switching time which equals to 624Ts, the subframe n-1 would not overlap with the discovery subframe n. That corresponds to 3 km for the minimum distance of eNB-UE. The potential overlapping between subframe n and subframe n+1 may require the first symbols being punctured in the WAN subframe n+1. The subframe conflict may be avoided by not scheduling WAN data in subframe n+1that follows D2D subframe, or by puncturing the last symbol in D2D discovery subframe. In the latter case, the maximum of TA value allowed for subframe n+1 is (symbol duration – 2GP), roughly 5.35 km of eNB-UE distance.
[image: image2.png]DL timing reference

TA + Guard Period
— -

Sublframe n-1 for WAN
UL or § transmission

Subframe n for
discovery 1220

N

TA + Guard Period
—>

>

Subframe n+1 for WAN

Subframe e for WAN

DL téansmi





Figure 2 An illustration of discovery signal timing of T2 = 0
Let us consider T2 = 624Ts is used for active UEs in TDD system. If the full last SC-FDMA symbol of subframe n is punctured, the maximum of usable value of TA for subframe n+1 is (symbol duration – GP) and corresponding  maximum distance of eNB-UE is 8.35 km, larger than 5.35 km in T2=0 case.
So, we prefer T2 = 624Ts for UEs of type1 discovery with an active timing advance value in TDD system.
Proposal1：For TDD system:

· Type 1 Discovery
UEs with an active timing advance value (TA) transmit and receive discovery signals according the timing of T2 = 624Ts. 

For consistency, UEs without an active timing advance value (TA) transmit and receive discovery signals with a fixed value of T2 = 624Ts also.
· Type 2 Discovery
     FFS.

3. Discussion about D2D discovery timing for inter-cell discovery
At the RAN1 #74 meeting, it is assumed that both synchronous and asynchronous deployments should be studied for inter-cell discovery.
3.1 Synchronous network deployments
For synchronous deployments, the DL timings of different cells in different eNBs are all aligned. 

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

Proposal2：For synchronous deployments, the scheme of timing for inter-cell discovery is the same as that of intra-cell discovery, i.e. T2 = 0 for FDD system and T2 = 624Ts for TDD system.
3.2 Asynchronous network deployments
In asynchronous deployments, the 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 discovery 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) 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 is carried out to compare option (1) and (2). SINR CDFs of PSS are shown in Fig. 3. Detailed simulation parameters are listed in the Appendix. The blue 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, 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 red curve shows the SINR CDF 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.
It should be noted that other things not reflected in the simulation regarding option (2) is the complexity of transmitting PSS on the uplink, as well as the interference it may cause to eNB receiver.
For option (3), further evaluation is needed.
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Figure 3 SINR CDF of PSS received by option (1) and (2)
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: Although UE forwarding PSS has some performance benefit for cell edge users, the complexity of transmitting PSS on the uplink should be evaluated, together with the interference it would cause to eNB receiver.
4. Conclusion
In this contribution, we discussed the value of T2 for active UEs in TDD system and the timing scheme of intra-cell discovery and inter-cell discovery for both synchronous deployments and asynchronous deployments.  Base on the analysis and simulation results presented above, we give our views as follows.
Proposal1：For TDD system:

· Type 1 Discovery
UEs with an active timing advance value (TA) transmit and receive discovery signals according  timing of T2 = 624Ts. 

For consistency, UEs without an active timing advance value (TA) transmit and receive discovery signals with a fixed value of T2 = 624Ts also.
· Type 2 Discovery
     FFS.

Proposal2：For synchronous deployments, the scheme of timing for inter-cell discovery is the same as that of intra-cell discovery, 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: Although UE forwarding PSS has some performance benefit for cell edge users, the complexity of transmitting PSS on the uplink should be evaluated, together with the interference it would cause to eNB receiver.
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Appendix: the assumptions of simulation for Figure 3
	 Parameter
	 Assumption

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Inter-site distance
	500 m

	Layout
	19*3 cells 

	UE mobility
	3 km/h

	UE transmission power 
	23 dBm

	Channel model 
	3GPP case1

	Total number of UEs
	8550 (150 UEs  per sector)
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