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1 Introduction

In RAN1#75 meeting, following working assumption was agreed for D2D synchronization:
Working Assumption:

· Before starting to transmit D2DSS, a UE scans for synchronization sources

· If a synchronization source is detected, the UE may synchronize its receiver to it before it may transmit D2DSS

· UEs may transmit at least D2DSS derived from D2DSS received from a D2D synchronization source.

· Details of under what circumstances a UE transmits D2DSS are FFS

· If a UE transmits D2DSS, the rules for determining which source the UE uses as the timing reference for its transmissions of D2DSS are as follows:

· Synchronization sources which are eNBs have a higher priority than synchronization sources which are UEs

· FFS whether synchronization sources which are UEs within network coverage have a higher priority than synchronization sources which are UEs outside network coverage

· Note that this would imply that there is a means to distinguish between a D2DSS transmitted by a UE in coverage and a D2DSS transmitted by a UE out of coverage       

· Other details are FFS (including timing advance details)

· If no synchronization source is detected, a UE may nevertheless transmit D2DSS

· A UE may reselect the synchronization source it uses as the timing reference for its transmissions of D2DSS if the UE detects a change in the synchronization source(s) 

· Detailed rules FFS   

But the full synchronization procedure was not discussed. In this contribution, we would like to propose rough synchronization procedure which has the merit of interference coordination compared with asynchronized one which may have severe interference among cellular cells/clusters. Some remaining issues were also addressed.

2 D2D synchronization requirement
In partial network coverage case, UEs, which are out of network coverage and didn’t receive any D2DSS, become the master UE and transmit synchronization signal. For example, in Figure1, UE2 is out of network coverage and becomes the master UE; UE1 is in network coverage and receives synchronization signal from both eNB and UE2.
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Figure 1. Synchronization in partial network coverage case
In Figure 1, UE1 would receive D2DSS from both eNB and UE2. Since UE2 is out of network coverage, it is very likely that UE2 is not synchronized with eNB. This would cause severe interference among cellular transmission  and D2D transmission. As shown in Figure 2, there is collision between cellular UL transmission and D2D transmission.Here we assume semi-static configuration of subframes for cellular cell transmission and D2D transmission which is proposed in our companion contribution [2]
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Figure 2. Interference between cellular cell and D2D cluster
In this case, there can be two options of behavior. 
· Option 1: UE1 camps on eNB and forwards the synchronization signal to UE2. Then UE2 will adjust its synchronization signal.

· Option 2: UE1 camps on eNB and measures the synchronization difference from UE2. 
In Option 1, UE2 (master UE) adjusts the timing as in Figure 3. Cell 1 and Cluster 1 are roughly synchronized so the interference between cellular link and D2D link could be avoided.. 
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Figure 3. Rough synchronization between cellular cell and D2D cluster
In Option 2, UE2 (master UE) may change the resource usage for traffic but cannot change the synchronization timing, since to adjust the synchronization timing would mean synchronous operation. This behaviour cannot guarantee that all D2D links will not interfere with cellular links, as we can see D2D synchronization subframe still collides with cellular UL subframes. And it also causes subframe fragmentation and low resource utilization. .
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Figure 4. Adjusted resource usage for traffic in asynchronized case
In network coverage case, if eNBs are synchronized, basically we can think it is a rough synchronized scenario already as each D2D UE could synchronize with the eNB it belongs to.  

In pure out-of-network case, rough synchronization is also beneficial for interference coordination. 
Based on above analysis, we propose 
Proposal1:

· Rough synchronization is considered in D2D communication
3 D2D synchronization procedure
In this section, we describe in detail the procedure of rough synchronization. In the description, stratum level is used to indicate the synchronization level. The stratum level value in current specification is only used as reference.
D2D UE powers on:

1) D2D UE searches for cellular cell. If it finds more than one, it will choose the strongest one and camp on this cellular cell.

2) If the D2D UE has not  detected cellular cell or the detected signal is lower than certain threshold, it searches for D2DSS transmitted by master UE. 
3) If the D2D UE has not detected any cellular cell or any synchronization signal with higher than certain signal level, it assumes the role of master UE and starts to transmit D2DSS and indicate stratum level correspondingly to indicate that the source doesn’t have any reference for synchronization, for example "5".
D2D UE need not carry out synchronization procedure frequently until it receives request from master UE or eNB or it has some traffics to transmit. It is quite useful to save the power compared with frequently periodic synchronization behavior.  Following is the detailed procedure when synchronization procedure is triggered after power on,
Synchronization procedure after triggering:

4) If D2D UE in network coverage wants to trigger communication or it is requested to do synchronization, it starts forwarding the synchronization signal received from eNB. The forwarded synchronization signal indicates information of the target group (e.g. group ID) and stratum level, which indicates it is the synchronization signal forwarded from eNB. When the D2D cluster UEs in the target group detect the forwarded signal, they will forward the synchronization signal to master UEs. Master UEs would adjust the synchronization timing accordingly. 
5) If D2D slave UE in out-of-network coverage wants to trigger communication or it is requested to do synchronization, it starts to synchronize to the master UE and forward the synchronization signal received from master UE. The forwarded synchronization signal indicates information of the target group (e.g. group ID) and stratum level, which indicates it is the synchronization signal forwarded from master UE. Then we need consider two cases, 
5.1) When D2D UE in network coverage receives this synchronization signal forwarded by D2D slave UE, it will start to forward the synchronization signal from eNB. When the triggering UE receives the forwarded synchronization signal from in-network-coverage, it would stop forwarding the synchronization from master UE and start to forward the synchronization signal received from in-network-coverage to master UE. Master UE would adjust the synchronization timing. 
5.2) When D2D UE in another cluster receives the synchronization signal forwarded by D2D slave UE, it will compare the stratum level. If its stratum level is smaller than that of forwarded synchronization signal, it will start to forward its own synchronization signal to triggering UE. Otherwise, it will forward this synchronization signal to its master. The later-on procedure is the same with 5.1).
About detailed synchronization signal design, we think it has lower priority compared with discussion on synchronization procedure. Therefore, we propose 
Proposal2:

FFS on detailed synchronization signal design before agreement on the synchronization procedure
4 Conclusion
In this contribution we discussed D2D synchronization requirement and rough synchronization procedure in D2D communication. We think rough synchronization is very useful to D2D communication.  Therefore, we propose:
Rough synchronization is considered in D2D communication FFS on detailed synchronization signal design before agreement on the synchronization procedure
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