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1. Introduction

Discussion of synchronization requirements for D2D is still on-going in RAN4 and a related WF [1] was agreed in last RAN4 #73 meeting, in which the synchronization procedure was captured:
· RAN4 will define synchronization requirements for D2D

· Requirements to be defined for the D2D synchronization procedure

· Becoming a synchronization source

· Ceasing to be a synchronization source

· Reselection to a synchronization source in case there exists multiple synchronization sources

· Other related requirements for the D2D synchronization procedure are FFS

In this paper, according to the agreed WF, we would like to provide some analysis of this topic based on latest agreements approved in RAN1. After that, some proposals are provided.
2. Discussion
2.1. Requirement of becoming a synchronization source
As it is known, a D2D synchronization source should at least transmit D2DSS. In RAN1 #78bis meeting, D2D synchronization scenario was split into three cases, which were in-coverage discovery, in-coverage communication and out-of-coverage communication, respectively. For in-coverage UE performing discovery and/or communication, RAN1 has defined conditions of when a UE shall transmit D2DSS, which could be found in appendix. Hence RAN4 could derive the requirements of a UE becoming synchronization source from these ‘shall’ conditions.
From the appendix, we could see that one of these conditions is based on the evaluation of serving RSRP:
· Other side conditions are met, AND
· the UE is RRC_Connected and the eNB has instructed it (by dedicated signalling) to start D2DSS transmission, OR all of the following conditions are satisfied: 

· an RSRP threshold for discovery/communication D2DSS transmission is configured, AND

· if configured, the threshold is configured using SIB

· the threshold can take values {–infinity, -115 … -60 (increments of 5), +infinity}dBm 

· the RSRP value of the UE is less than the threshold.
We could split the statements above into two parts, before and after ‘OR’, respectively. For part 1, the only case a UE becoming synchronization source is if instructed by eNB via dedicated RRC signaling. In our opinion, no requirements are needed in this scenario. For part 2, it implies that if RSRP threshold is configured via SIB and the serving RSRP < threshold, UE shall become a synchronization source and begin to transmit D2DSS until it receives instruction from eNB to stop D2DSS transmission. For both RRC_IDLE and RRC_CONNECTED UE, serving RSRP is evaluated every DRX. Considering the worst case, 2 DRX cycles maybe required to finish the detection of event RSRP < threshold. Hence we propose:
Proposals 1: If RSRP threshold for D2DSS transmission is configured, UE shall be able to transmit D2DSS within 2 DRX cycles if RSRP<threshold is fulfilled.
For out-of-coverage (OOC) UE there was also agreement on conditions of when to transmit D2DSS, which was given as:

· A UE can become a D2D Synchronization Source if received signal strength of all received D2DSS(s) by the UE are 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 

· synchSourceThres (i.e., X) has the same range as the in-coverage RSRP thresholds, excluding values –infinity and -115dBm, i.e., {-110 … -60 (increments of 5), +infinity}dBm 

· For out-of-coverage UEs transmitting SA or data, 
· A UE shall transmit D2DSS if the D2D measurement for selected transmission timing reference is below SynchSourceThresh 

But there is no conclusion on the D2D measurement period for OOC UE so far. In our understanding it is unnecessary to define any mandatory behavior for these UE. Hence no requirements are needed.
2.2. Requirement of ceasing to be a synchronization source

From RAN1 agreements in appendix we could see that UE would cease to be a synchronization source if instructed by eNB by dedicated RRC signalling or its serving RSRP < threshold if threshold is configured. For receiving instruction from eNB to stop D2DSS transmission, we think that no requirements are needed. For event RSRP < threshold triggering case, UE also need time to evaluation of RSRP. Similar with becoming a synchronization source, we propose that:
Proposals 2: If RSRP threshold for D2DSS transmission is configured, UE shall be able to stop D2DSS transmission within 2 DRX cycles if RSRP>threshold is fulfilled.
2.3. Requirement of synchronization source reselection

RAN1 has reached the agreements on the priority of different synchronization source, The order of decreasing priority for synchronisation source selection is as follows:

1. eNBs that meet the Scriterion
2. UEs within network coverage (among which higher priority is given to D2DSS received with higher synchSourceThresh measurement)

3. UEs out of network coverage transmitting D2DSS from D2DSSue_net (among which higher priority is given to D2DSS received with higher synchSourceThresh measurement)

4. UEs out of network coverage transmitting D2DSS from D2DSSue_oon (among which higher priority is given to D2DSS received with higher synchSourceThresh measurement)
On successful detection of synchronization source with higher priority, UE would reselect to the new source. Hence we propose that the requirement of synchronization source reselection would be the identification delay of higher priority synchronization source.
Proposals 3: If there exists higher priority synchronization source, UE shall synchronize to it within identification delay.
3. Conclusions

Based on the discussion, the following proposals are made in this contribution. 
Proposals 1: If RSRP threshold for D2DSS transmission is configured, UE shall be able to transmit D2DSS within 2 DRX cycles if RSRP<threshold is fulfilled.

Proposals 2: If RSRP threshold for D2DSS transmission is configured, UE shall be able to stop D2DSS transmission within 2 DRX cycles if RSRP>threshold is fulfilled.

Proposals 3: If there exists higher priority synchronization source, UE shall synchronize to it within identification delay.
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5. Appendix
D2D synchronization agreements in RAN1 #78bis:

· For in-coverage UEs, 

· A maximum of 1 D2DSS resource (comprising a periodically occurring subframe in which D2DSS may be transmitted if the conditions below are satisfied (note that the eNB may reuse resources which are not used for D2DSS transmission)) can be configured per cell for in coverage UEs

· The D2DSS resource periodicity is: 

· The same for in-coverage and out-of-coverage

· Fixed to 40 ms in the specifications

· The D2DSS resource can be configured with a time offset with a granularity of 1 subframe

· The D2DSS resource offset of neighbour cells can be signalled in a SIB w.r.t. SFN#0 of the serving cell with a granularity of 1 subframe

· For a UE transmitting SA or D2D data, in each subframe in the D2DSS resource, the UE shall transmit D2DSS if:

· the subframe does not conflict with cellular transmission from the UE perspective, AND

· FFS other defined conditions, including e.g. UE capability, are satisfied, AND

· the subframe is within the SA or D2D data period in which SA or data is transmitted, AND

· the UE is RRC_Connected and the eNB has instructed it (by dedicated signalling) to start D2DSS transmission, AND/OR FFS other condition(s) are satisfied if the UE is not transmitting SA or D2D data within the SA/data period in which the subframe falls OR all of the following conditions are satisfied: 

· an RSRP threshold for communication D2DSS transmission is configured, AND

· if configured, the threshold is configured using SIB

· the threshold can take values {–infinity, -115 … -60 (increments of 5), +infinity}dBm 

· the RSRP value of the UE is less than the threshold, AND

· the eNB has not instructed the UE (by dedicated signalling) to stop D2DSS transmission.

· For a discovery UE, for each discovery pool, the UE shall transmit D2DSS in the first subframe of the discovery pool if this subframe is in the D2DSS resource, or otherwise in the latest subframe of the D2DSS resource before the start of the discovery pool, if:

· the subframe does not conflict with cellular transmission from the UE perspective, AND

· FFS: the UE is not scanning for other D2DSS (details FFS), AND

· FFS other defined conditions, including e.g. UE capability, are satisfied, AND

· the UE transmits a discovery message in the discovery pool, AND

· the UE is RRC_Connected and the eNB has instructed it (by dedicated signalling) to start D2DSS transmission, OR all of the following conditions are satisfied: 

· an RSRP threshold for discovery D2DSS transmission is configured, AND

· if configured, the threshold is configured using SIB

· the threshold can take values {–infinity, -115 … -60 (increments of 5), +infinity}dBm 

· the RSRP value of the UE is less than the threshold, AND

· the eNB has not instructed the UE (by dedicated signalling) to stop D2DSS transmission.

· Out-of-coverage UEs do not transmit D2DSS on more than 1 D2DSS resource

· 2 D2DSS resources are used for out-of-coverage

· FFS whether the locations are preconfigured, signalled or fixed in the spec w.r.t. DFN#0
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