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1 Introduction

The D2D synchronization procedure was discussed in details at the RAN1#78bis WG meeting. The following agreements were reached by RAN1 WG:

· 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 neighbor cells can be signaled 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 signaling) 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 signaling) 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, signaled or fixed in the spec w.r.t. DFN#0

Our views on D2D synchronization procedure were presented in details in [1]-[2] and references therein. In this contribution, we continue discussion on the remaining open aspects of D2D synchronization procedure including synchronization source selection and reselection rules, usage and allocation of synchronization resources, etc. However, before we go to the remaining open issues we briefly review the principles of D2D synchronization procedure in different coverage scenarios, summarized in section 2, based on our discussion in [1]-[2]. Our views on other D2D synchronization relates aspects are provided in our companion contributions [3]-[6].
2  Overview of D2D Synchronization Procedure Principles
In this section, we briefly outline the main principles of D2D synchronization procedure and summarize the main proposals from [1]-[2] that were presented at the previous meeting. In order to simplify D2D synchronization procedure and UE implementation we suggest to use common synchronization principles across multiple deployment scenarios (see Table 1). 
Table 1: Summary of D2D Synchronization Procedure Principles in Different Deployment Scenarios
	
	In Coverage
	Partial Coverage
	Out of Coverage

	Synchronization Principle
	Synchronization is derived from eNB
	Synchronization is derived from UEs (synchronization sources) that propagate sync from eNB
	Synchronization is derived from UEs (synchronization sources) that propagate sync from ISS

	Original Synchronization Source Type
	eNB/Relay
	UEs propagating timing from eNB
	UE providing its own timing reference (independent synchronization source - ISS)

	Nodes Propagating Synchronization 
	NA
	UEs propagating timing from eNB (gateway synchronization source - GSS)
	UEs propagating timing from ISS (gateway synchronization source - GSS)

	Synchronization Source (Re) Selection Criteria
	Serving or Camping eNB (RSRP > earliest TOA)
	SS Type > Hop Count > RSRP > earliest TOA

eNB hop count = 0
	SS Type > Hop Count > RSRP > earliest TOA

	Amount of hops
	1
	3
	3 or 4

	Usage of last hop
	NA
	For reception only
	For reception only

	ISS cease rule
	NA
	ISS which detected GSS with hop count/stratum level 1 cease its own D2DSS transmission
	ISS which detected GSS with hop count/stratum level 1 cease its own D2DSS transmission


In particular, we suggest to use multi-hop synchronization with limited number of hops. Also we propose to use the following common and universal priority rule for synchronization source/resource (re-)selection:

Proposal 1
· The priority for synchronization source selection is based on the following rule:

· Synchronization source type (in-coverage eNB/ Rel10 relay/ UE or I-SS) > hop count (stratum level) > received D2DSS power > time of arrival.
3 On D2D Synchronization Resources

3.1 In Coverage

According to the RAN1 WG agreement, for in-coverage UEs, a maximum of 1 D2DSS resource can be configured per cell with 40ms periodicity. The flexible offset of synchronization resource with a granularity of one subframe is supported. In our view, it is important to differentiate two in-coverage scenarios:

1) In-coverage case with asynchronous inter-cell communication: In this scenario, we assume that D2DSS can be transmitted every 40ms with single hop sync extension towards neighboring asynchronous cell which is used for D2D reception.
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Figure 1: D2D synchronization in asynchronous networks.
2) In-coverage case with network coverage extension: In this scenario, we assume that cell/network coverage is extended towards out of coverage for at least two hops in order to allow synchronous communication within network proximity and avoid asynchronous interference from D2D transmissions, organized within network coverage proximity.
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Figure 2: D2D synchronization in partial coverage scenario.
In the first scenario, synchronization extension for two hops is sufficient. The second hop propagates timing information towards the neighboring cells, in order to facilitate inter-cell communication. At the same time the sync propagation is restricted in order to avoid transmission with asynchronous timing within coverage of asynchronous neighboring cells.
In the second scenario, three hop synchronization is used. The 1st hop provides timing from eNB, the 2nd hop provides timing to the devices that cannot synchronize/communicate with eNB and the 3rd hop provides reliable protection from the out of coverage interference of cell-edge UEs.

In order to support these two cases the following two options in terms of synchronization resource allocation are proposed. For support of the 1st case, in-coverage UEs transmit D2DSS signals every 40ms (see Figure 3). 
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Figure 3: Transmission of D2DSS for in-coverage scenario (asynchronous inter-cell communication)
For the 2nd case, network configures alternating transmission of the D2DSS with period of 80ms, so that there are two sets of sync sources sharing the single synchronization resource (see Figure 4). The 1st subset of synchronization resources is used by UEs deriving timing from the eNodeB and propagating it towards out of coverage. The 2nd set of synchronization resources is used by out of coverage UEs that synchronize to in-coverage synchronization sources and propagate timing on one more hop. This behavior and synchronization resource structure ensures that independent synchronization sources are at least one hop away from eNB coverage area.
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Figure 4: Alternating transmission of D2DSS for in-coverage scenario with network coverage extension
Proposal 2
· For in-coverage communication, the D2DSS is transmitted every 40ms.
· In order to handle partial coverage scenario, eNB may configure alternating transmission of the D2DSS to enable synchronous communication with out of coverage UEs (within network proximity) and protect cell from asynchronous out of coverage D2D interference.

3.2 Out of Coverage

In the out of coverage scenario, two D2DSS resources are configured. Similar to the in-coverage case the D2DSS resource periodicity is 40ms. With this agreement up to 4 synchronization resources can be configured per 80ms period and therefore up to 4 synchronization hops can be supported. In case of 4 hop synchronization, the 1st and 2nd hop SSs can share the 1st synchronization resource and the 3rd and 4th synchronization hops can share the 2nd synchronization source, so that effectively sources with different hop counts transmit every 80ms. In terms of relative position the 1st and 2nd resources may be adjacent to each other or shifted on 20ms relative to each other (see Figure 5).
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Figure 5: Sync resource sharing to support 4 hop synchronization.
For the case of 3 hops, there may be two options (see Figure 6):

1) The 1st sync resource is used by ISS only and the 2nd resource is shared among synchronization sources with hop count 2 and 3. Note that in this case different sources will transmit with different periodicities (40ms for ISS and 80ms for GSSs); 

2) The 1st and 2nd sync resources are shared among synchronization sources with different hops. The 2nd sync resource is shifted relative to the 1st one on 20ms. In this option, different sync sources can transmit with periodicity of 60ms, providing the common synchronization reference.
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Figure 6: Sync resource sharing to support 3 hop synchronization.
In all of these cases the resource selection can be done according to the common synchronization source selection rule: (source type > hop count > received power > earliest time of arrival). Note that association of a hop count with a sync source resource ordering can be predefined by specification.

Proposal 3
· The multi-hop synchronization procedure is used for out of coverage operation.
· The location of synchronization resources is fixed in the specification w.r.t. DFN0, including the mapping of synchronization hop counts to synchronization resources.
4 On D2DSS Transmission Duration
According to current RAN1 WG agreement, a UE transmitting SA or D2D data shall transmit D2DSS in each subframe in the D2DSS resource if certain conditions are satisfied (e.g. configured as a SS by eNB, its RSRP is below the preconfigured threshold conditions, etc). In our view, for the out of coverage case, even if UE does not transmit SA and Data over a certain period of time it may transmit D2DSS in order to avoid interruption of synchronization procedure. The synchronization procedure should run in a background mode and not be interrupted for a short periods of time when there is no traffic. Ideally, all D2D communication capable UEs should participate in the synchronization procedure and transmit D2DSS based on preconfigured conditions or D2DSS power measurements.

The presence and amount of D2D traffic may be very dynamic. The short interruption in availability of the traffic itself shall not interrupt the whole synchronization procedure. In opposite cases, UEs will need to often perform initial synchronization. Therefore in order to avoid frequent re-sync, it makes sense to define a minimum D2DSS transmission cycle to prevent bursty D2DSS transmission behavior. For instance, if an UE transmits the data irregularly and non-frequently (e.g. in order of several seconds) it should transmit D2DSS at least for a whole SFN cycle from the last transmission of the data packet or even longer, preferably until deactivation of D2D functionality.
Proposal 4
· All UEs with activated D2D communication functionality participate in the synchronization procedure.
· The long-term D2DSS transmission cycle is defined for D2DSS transmission since the last D2D data packet transmitted.
5 Conclusion

In this contribution, we discussed remaining open issues of D2D synchronization procedure for in-coverage and out of coverage scenarios. Based on the discussion in this document, we have the following proposals:
Proposal 1
· The priority for synchronization source selection is based on the following rule:

· Synchronization source type (in-coverage eNB/ Rel10 relay/ UE or I-SS) > hop count (stratum level) > received D2DSS power > time of arrival.
Proposal 2
· For in-coverage communication, the D2DSS is transmitted every 40ms.
· In order to handle partial coverage scenario, eNB may configure alternating transmission of the D2DSS to enable synchronous communication with out of coverage UEs (within network proximity) and protect cell from asynchronous out of coverage D2D interference.

Proposal 3
· The multi-hop synchronization procedure is used for out of coverage operation.
· The location of synchronization resources is fixed in the specification w.r.t. DFN0, including the mapping of synchronization hop counts to synchronization resources.
Proposal 4
· All UEs with activated D2D communication functionality participate in the synchronization procedure.
· The long-term D2DSS transmission cycle is defined for D2DSS transmission since the last D2D data packet transmitted.
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