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1 Introduction

In RAN1#74bis meeting, following working assumption were agreed to align the terminology of D2D synchronization:
Working Assumption:

· Synchronization sources transmit at least a D2DSS: D2D Synchronization Signal

· May be used by D2D UEs at least to derive time/frequency

· May (FFS) also carry the identity and/or type of the synchronization source(s)

· Comprises at least a PD2DSS 

· PD2DSS is a ZC sequence

· Length FFS

· May also comprise a SD2DSS

· SD2DSS is an M sequence

· Length FFS
· Concept for the purpose of further discussion (without implying that such a channel will be defined), PD2DSCH: Physical D2D Synchronization Channel
· May carry information including one or more of the following (FFS):

· Identity of synchronization source

· Type of synchronization source

· Resource allocation for data and/or control signalling

· Data

· others FFS
· A synchronization source is any node transmitting D2DSS 
· A synchronization source has a physical identity PSSID
· If the synchronization source is an eNB the D2DSS is Rel-8 PSS/SSS

· Note: in RAN1#73, “synchronization reference” therefore means the synchronization signal(s) to which T1 relates, transmitted by one or more synchronization source(s). 

In this contribution, we would like to discuss two possible D2D synchronization procedures.
2 D2D synchronization requirement
For out of network coverage case, we proposed master-slave structure in [1]. Master UE transmits synchronization signal and common control information. Slave UEs receive the synchronization signal and use it as synchronization reference for data transmission. In this case, master UE is the synchronization source.

If UE is in network coverage, eNB would be the synchronization source and UE receives synchronization signal from eNB.

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. There are 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, Cell 1 and Cluster 1 are roughly synchronized, but synchronization signal needs to be forwarded by UE1 and adjusted on UE2. In Option 2, UE1is required to manage two synchronization timing. Cell 1 and Cluster 1 are asynchronized. Interference among Cell 1 and Cluster 1 cannot be coordinated. Especially UE1's transmission could collide with eNB. The resource splitting between D2D and cellular may be difficult. In the following section, we describe in detail the procedure of these two options.

3 D2D synchronization procedure
In this section, we describe in detail the procedures of two synchronization options. One is rough synchronization among cellular cells/cluster; the other is asynchronous among cellular cells/cluster. In the description, stratum level is used to indicate the synchronization level. The stratum level value in current specification is only used as reference.
· Option1: Rough synchronization among cellular cells/clusters

Initial synchronization and camping procedure:

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

1.1) The D2D UE searches for D2D synchronization signal transmitted by master UE. If the D2D UE detects the D2D synchronization signal(s) with higher than certain signal level, it compares the D2D synchronization signal(s) and eNB synchronization signal.
1.1.1) If they are totally asynchronized, the D2D UE will forward the synchronization signal received from eNB to master UE(s). Stratum level is indicated as “1”, so that the master UE knows that this is forwarded synchronization signal from eNB 
1.1.2) If they are roughly synchronized, no action is required. 
(NOTE: What is totally asynchronized or roughly synchronized is FFS. It depends on synchronization accuracy requirement.)
1.2) Even if the D2D UE doesn’t detect any D2D synchronization signal, it keeps synchronized to eNB

2) If the D2D UE doesn’t detect cellular cell with higher than certain signal level, it searches for D2D synchronization signal transmitted by master UE. 
2.1) If the D2D UE detects D2D synchronization signal from only one master UE, it will camp on the master UE
2.2) If the D2D UE detects D2D synchronization signals from more than one master UE with higher than certain signal level, it chooses one with the lowest stratum level. The D2D UE compares the synchronization received from multiple sources. If they asychronized, the D2D UE will forward the synchronization received from the master UE that it camped on
3) If the D2D UE doesn’t detect any cellular cell or any synchronization signal with higher than certain signal level, it assumes the role of master UE and starts to transmit synchronization and indicate stratum level correspondingly to indicate that the source doesn’t have any reference for synchronization, for example "5".
Follow-up procedure:

4) D2D UE keeps detecting cellular cell and D2D synchronization at a longer cycle. The judgement can be based on several times successful detection to avoid short-term alive master UEs.
4.1) If the D2D UE detects new cellular cell or new master UE with higher than certain signal level, it will decide whether it reselects the cell/cluster it camps on, and decides whether it needs to forward the synchronization signal

4.2) If the D2D UE detects forwarded synchronization signal with higher than certain signal level, it will compare the stratum level of the forward signal and the synchronization signal of the master UE it camps on. If the stratum level of the forwarded signal is lower, it will forward the signal to its master UE. 
5) master UE keeps detecting cellular cell and D2D synchronization signal at a longer cycle

5.1) If master UE detects direct synchronization from eNB or master UE with higher than certain signal level, it decides whether it keeps as a master UE or gives up being a master UE and camps on the eNB or the other master UE.

5.2) If master UE detects forwarded synchronization signal from eNB with higher than certain signal level, it compares its own synchronization timing with the forwarded synchronization signal. If they are asynchronized, it adjusts its synchronization timing and set the stratum level as “2”.

5.3) If master UE detects forwarded synchronization signal from another master UE with higher than certain signal level, it compares the stratum level. If the master UE has higher stratum level, it adjusts its synchronization timing.

NOTE: How forwarded synchronization signal can be distinguished is FFS.
· Option 2: Asynchronous among cellular cells/clusters

Initial synchronization and camping procedure:

1) D2D UE starts to search for cellular cell. If it finds more than one, it chooses the strongest one and camp on the cellular cell.

1.1) The D2D UE starts to search for D2D synchronization signal transmitted by master UE. If the D2D UE detects the D2D synchronization signal(s) with higher than certain signal level, it will compare the D2D synchronization signal(s) and eNB synchronization signal.

1.1.1) If they are totally asynchronized, the D2D UE will calculate the timing difference of the D2D synchronization signal(s) and eNB synchronization signal 

1.1.2) If they are roughly synchronized, no action is required
 (NOTE: What is totally asynchronized or roughly synchronized is FFS. It depends on synchronization accuracy requirement.)
1.2) Even if the D2D UE doesn’t detect any D2D synchronization signal, it keeps synchronized to eNB

2) If the D2D UE doesn’t detect cellular cell, it will start to search for D2D synchronization signal transmitted by master UE on pre-defined synchronization resources.

2.1) If the D2D UE detects D2D synchronization signal from only one master UE, it camps on the master UE
2.2) If the D2D UE detects D2D synchronization signal from more than one master UE with higher than certain signal level, it chooses one with the highest receiving power. The D2D UE compares the synchronization received from multiple sources. If they totally asychronized, the D2D UE calculates the timing difference of different D2D synchronization signals
3) If the D2D UE doesn’t detect any cellular cell or any synchronization signal, it assumes the role of master UE and starts to transmit synchronization

Follow-up procedure:

4) D2D UE keeps detecting cellular cell and D2D synchronization at a longer cycle. 
4.1) If it detects a new cellular cell or new master UE, it decides whether it reselect the cell/cluster it camps on, and will compare the timing of different synchronization sources

4.2) If the D2D UE detects forwarded synchronization signal, it compares the timing of forwarded synchronization signal and the synchronization signal it receives from its eNB/master UE and keep the timing difference (Used for disjoint case)
5) master UE keeps detecting cellular cell and D2D synchronization signal at a longer cycle

5.1) If master UE detects direct synchronization from eNB or master UE, it decides whether it keeps as a master UE or it gives up being a master UE and camps on the eNB or the other master UE.

4 Conclusion
We discussed D2D synchronization requirement and D2D synchronization procedure. On the synchronization procedure, we elaborated the detail on option 1: rough synchronization among cellular cells/clusters and option 2: Asynchronous among cellular cells/clusters. 
We propose to evaluate the pros and cons of these two options and decide on one of them.
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Figure 2. Option1: Rough synchronization among cellular cells/clusters

[image: image3.emf]UE turns on

Search for 

cellular cell

Detect any 

cellular cell?

Search for 

D2DSS

Detect any 

D2DSS?

Yes No

Camp on the 

strongest small cell

Search for 

D2DSS

No Yes

One or more 

D2DSS?

Camp on the 

master UE

Choose the one 

with the highest 

receiving power 

and camp on it

Detect any 

D2DSS?

Keep 

synchronized to 

eNB

Totally 

asynchronized 

with eNB?

No action

Calculate the 

timing 

differences

More

One

Become the 

master UE and 

transmit D2DSS

No

Yes

Totally 

asynchronized?

Calculate the 

timing 

differences

No action

Yes

No

No

Yes


Figure 3. Option 2: Asynchronous among cellular cells/clusters
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