[bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK1][bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #82                                         R1-154687
Beijing, China, 24th – 28th August 2015
[bookmark: Source]Agenda item:		7.2.3.2.1
Source: 			Xinwei
Title:          Considerations on D2D synchronization procedure in out-of-coverage discovery
Document for:		Discussion and Decision
Introduction
In RAN1 #81 meeting, the Type 1 public safety discovery for partial and out-of-coverage discovery was discussed. In particular, the following agreements related to discovery synchronisation were made [1]:
Agreement:
· For an out-coverage Rel-13 UE transmitting Type 1 PS discovery, when it transmits SLSS: 
· Behaviour 2 is followed. 
Agreement:
· A UE participating in PS discovery and using behaviour 2 transmits SLSS every 40ms “as long as the UE has discovery message(s) from higher (i.e. above MAC) layers to transmit on a given carrier” (exact wording up to RAN2)
· Actual SLSS transmission is subject to other Rel-12 conditions
· Working assumption: An independent set of values of the condition parameters is defined and (pre)configured 
Agreement:
· For a UE participating in PS discovery and using behaviour 2, PSBCH for Rel-12 communication is reused, i.e., exactly the same content without using reserved bits.
This contribution discusses consideration of potential degradation for D2D out-of-coverage PS discovery, mainly focusing on synchronisation procedure in discovery.

Discussion on out-of-coverage discovery synchronization
According to Rel-12 behaviours, synchronisation reference selection of out-of-coverage UEs based on the following priority order: firstly synchronisation priority group, followed by S-RSRP measurement. This mechanism has good performance for UEs near edge of coverage, which may be synchronisation priority group 2 nodes, or group 3 nodes which can detect group 2 nodes directly (at least including SLSS transmission). However for other out-of-coverage nodes, the simplicity of SyncRef UE selection criteria may introduce potential degradation for the system.


   
(a) 												(b)
[bookmark: OLE_LINK29][bookmark: OLE_LINK30]Figure 1 Synchronisation loop for OoC case
(a) original,	 (b) sync loop generated
[bookmark: OLE_LINK27][bookmark: OLE_LINK28]Figure 1 illustrates the generation process of synchronisation loop for out-of-coverage case. The original synchronisation status is shown in figure 1(a) as a 3-hop chain while the new node UE4 selects UE3 as SyncRef and becomes the fourth hop of the synchronisation chain. All above four nodes are out-of-coverage and belongs to synchronisation priority group 3. With the assumption that UE4 meets relevant requirements and transmits SLSS, from perspective of UE3 if S-RSRP of UE4 exceeds S-RSRP of current SyncRef UE2 (possibly by relevant threshold), UE3 will follow SLSS transmitted by UE4 while UE4 keeps UE3 as SyncRef UE. As finally shown in figure 1(b), UE3 and UE4 compose a synchronisation loop.
Due to the accumulation of synchronisation offsets and errors during SLSS transmission, if UE3 and UE4 keep sending SLSS, after a long period the timing offset between UE2 and UE3 will possibly be severe enough to damage their communication/discovery performance, or even UE2 may become asynchronous with UE3.


(a)


(b)
Figure 2 Synchronisation loop for partial-coverage case
(a) original,	 (b) sync loop generated
Similarly, synchronisation loop and potential asynchronisation may occur in multi-hop SLSS transmission for partial coverage, as shown in figure 2. Except for 2-node synchronisation loop in above figures, multi-node synchronisation loops may also appear in complicated topologies.
Rel-12 out-of-coverage UEs only transmit SLSS while transmitting direct communication, thus for a given UE, the SLSS transmission may be intermittent, which attenuates the occurrence or duration of synchronisation loop. However in Rel-13 partial/out-of coverage PS discovery, UEs follow behaviour 2 and transmit SLSS “as long as the UE has discovery message(s) from higher (i.e. above MAC) layers to transmit on a given carrier” [1], which means under some conditions there may be UEs keep transmitting SLSS every 40 ms for a long time. In this case, the probability of synchronisation loop and corresponding impact on system performance cannot be ignored.
[bookmark: OLE_LINK31][bookmark: OLE_LINK32]Observation 1: In Rel-13 out-of-coverage discovery, there may be multiple UEs synchronise to each other and compose a synchronisation loop, which may introduce degrading performance and potential asynchronisation.
For the purpose of avoiding synchronisation loop, some extra priority criteria may be introduced at least for Rel-13 out-of-coverage discovery. One possible solution is to indicate hop count in the synchronisation transmission procedure, which could simply and effectively eliminate synchronisation loops. Moreover, additional information such as SyncRef UE ID and connectivity may be considered for evaluating SyncRef priority.
Proposal 1: In Rel-13 PS discovery, more synchronisation priority criteria should be considered, at least for out-of-coverage scenarios.
Proposal 2: Out-of-coverage UEs participating in PS discovery indicate synchronisation hop number while transmitting SLSS.

Conclusion
Observation 1: In Rel-13 out-of-coverage discovery, there may be multiple UEs synchronise to each other and compose a synchronisation loop, which may introduce degrading performance and potential asynchronisation.
Proposal 1: In Rel-13 PS discovery, more synchronisation priority criteria should be considered, at least for out-of-coverage scenarios.
Proposal 2: Out-of-coverage UEs participating in PS discovery indicate synchronisation hop number while transmitting SLSS.
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