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[bookmark: _Ref301342314]Introduction
During RAN1#76bis and RAN1#77, synchronization procedures were discussed [1] [2]. In this contribution, we consider the remaining issues of synchronization procedure.

	Agreement:
· For out-of-coverage
· A UE can become a D2D Synchronization Source if received signal strength of all received D2DSS(s) by the UE are below X dBm 
· FFS on details of how to compute the received signal strength of a D2DSS
· FFS for how long the received signal strength has to be below X dBm
· The value of X dBm is pre-configured
· The value of X can be infinite, i.e., every UE can become a D2D Synchronization Source
· Set of other possible values of X is FFS
· Other criteria under which a UE may become a D2D synchronization source are not precluded – FFS
· Any possible conditions under which a UE shall not become or shall cease to be a D2D synchronization source are FFS
· For in-coverage
· A UE can become a D2D Synchronization Source at least if it is configured to do so by the eNB
· FFS whether any additional criteria have to be met before a UE that is configured to become a D2D synchronization source can become one. 
· FFS whether any special UE reporting is needed to assist the eNB
· FFS for other criteria, e.g. if the eNB has configured resources within which D2DSS may be transmitted
· Consider interference impact to cellular in such cases. 
· FFS whether UEs in coverage have to be RRC connected in order to transmit D2DSS
· Any possible conditions under which a UE shall not become or shall cease to be a D2D synchronization source are FFS



	Agreements:
· The set of D2DSS that can be transmitted by a UE is divided into two groups:
· D2DSSue_net: A set of D2DSS sequence(s) transmitted by UE when the transmission timing reference is an eNB
· D2DSSue_oon: A set of D2DSS sequence(s) transmitted by UE when the transmission timing reference is not an eNB
· FFS: If multi-hop is supported
· When UE is out of coverage and detected a D2DSS in D2DSSue_net, 
· FFS: whether UE transmits a D2DSS in D2DSSue_net or in D2DSSue_oon or neither
· 



	 Possible agreements:
· For UEs that detected PSS/SSS
· If a UE detects a D2DSS in D2DSSue_oon and it can be connected to an eNB, it can report the detection to the eNB. The eNB may then instruct the UE to transmit a D2DSS from D2DSSue_net
· Qualcomm: What is UE procedure of D2DSS detection in out of coverage?
· For UEs not detected PSS/SSS
· A UE cannot transmit a D2DSS in D2DSSue_net if no D2DSS in D2DSSue_net is detected.
· A UE can transmit a D2DSS in D2DSSue_net if 
· It detects the D2DSS and is synchronized to it, and
· The stratum level of the detected D2DSS is lower than a threshold



D2DSS Hop support
According to the agreement of RAN1#77, UE behavior when UE is out of coverage and detected a D2DSS in D2DSSue_net is not decided yet.  Three options were considered.

Option 1: The OoC UE can derive and adjust its D2DSS based on the received D2DSSue_net and continue transmitting the D2DSS.  

Option 2:  The OoC UE stops transmitting the D2D altogether.

Option 3: The OoC UE keeps transmitting their own D2DSSue_oon.

When an out-of-coverage UE (OoC UE) detects a D2DSS in D2DSSue_net then the out-of-coverage UE should not transmit any D2DSS in response or stop transmitting its D2DSS. This will mitigate the interference to the cellular system.  However, if an OoC UE detects a D2DSS in D2DSSue_net and stops transmitting its own D2DSS then it may cause a disruption to the remaining OoC UEs that rely on the D2DSS transmitted by this particular OoC UE.  Additionally, for public safety (PS) case OoC D2D operations is essential. Any interruption may not be acceptable to PS community. Therefore, we propose Compromised Option like following:

Compromised Option: The OoC UE stops transmitting the D2D altogether after informing the other OoC UEs and waiting for certain period.

In this option, UE should inform the other OoC UEs and wait for certain period (e.g., N number of discovery periods or SA/Data cycles, N is FFS) before the OoC UE stops transmitting the D2D altogether.  This will allows the remaining OoC UEs to start searching for the D2DSS in D2DSSue_net or the next transmitting OoC UE becomes aware that it needs to transmit its own D2DSS (if needed).

Proposal 1:
When an out-of-coverage UE detects a D2DSS in D2DSSue_net then the out-of-coverage UE should stop transmitting its D2DSS in response after informing the other OoC UEs and waiting for certain period. 

Synchronization sequence design
In this section we focus on the part of the agreement related to in-coverage. As stated in the agreement a UE can become a D2D Synchronization Source at least if it is configured to do so by the eNB. This implies there is a need of forwarding of the sync signal to out of coverage D2D UEs. However, an eNB is not aware which UE should be the D2D Synchronization Source for the out-of-coverage D2D UEs. We propose a mechanism to resolve this issue. Figure 1 shows the procedure steps and Figure 2 shows the signaling for the proposed procedure. The main concept is the in-coverage D2D UE first detects a D2DSS from an out-of-coverage D2D UE (Figure 1, Step 1) and then reports to the serving eNB by sending a D2DSS detection indication (Figure 1, Step 2). The similar proposal is described in [3].

Proposal 2:
RAN1 should consider in-coverage D2D UE reports to the eNB the detection of a D2DSS from an out-of-coverage D2D UE by sending a D2DSS detection indication.

After receiving the D2DSS detection indication the eNB configures the same UE as the Synchronization Source that has reported the detection of D2DSS in D2DSSue_oon (Figure 1, Step 3).
In Figure 1 Step 4 and 5 show how an out-of-coverage D2D UE handles the reception of the D2DSS from the in-coverage D2D UE. Figure 2 provides some signaling details.

	Step 1
[image: ]    [image: ]

	UE A(in-coverage), UE B (out-of-coverage)
 UE A monitors and detects D2DSS of out-of-coverage UE.


	Step 2
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	UE A then sends D2DSS detection indication to eNB.


	Step 3
[image: ]
	eNB sends D2D Synchronization Source indication to UE A.

	Step 4
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	After receiving the indication from the eNB the UE A starts transmitting D2DSS in D2DSSue_net. When out-of-coverage UE B detects the D2DSS its stop transmitting the D2DSS.


	Step 5
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	UE B follows UE A’s D2DSS timing.


Figure 1: D2D synchronization procedure for partial coverage
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Figure 2: D2D synchronization procedure for partial coverage

D2DSS OFF signal
Current RAN1 agreement is the eNB can configure UE to transmit a D2DSS. Similarly, we propose the eNB should be able to configure the UE to stop transmitting the D2DSS. In addition, if needed, the UE can autonomously stop transmitting D2DSS. In this case the UE sends a D2DSS-OFF indication to the eNB.

Proposal 3:
The eNB should be able to configure the UE to stop transmitting D2DSS.
Proposal 4:
If needed, the UE can autonomously stop transmitting D2DSS. As a result the UE sends a D2DSS-OFF indication to the eNB.

Conclusions

Proposal 1:
[bookmark: _GoBack]When an out-of-coverage UE detects a D2DSS in D2DSSue_net then the out-of-coverage UE should stop transmitting its D2DSS in response after informing the other OoC UEs and waiting for certain period.
Proposal 2:
RAN1 should consider in-coverage D2D UE reports to the eNB the detection of a D2DSS from an out-of-coverage D2D UE by sending a D2DSS detection indication.
Proposal 3:
The eNB should be able to configure the UE to stop transmitting D2DSS.
Proposal 4:
If needed, the UE can autonomously stop transmitting D2DSS. As a result the UE sends a D2DSS-OFF indication to the eNB.
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