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1 Introduction

The necessity and details of the physical D2D synchronization channel (PD2DSCH) were discussed during the several RAN1 meeting cycles. At the RAN1#77 meeting, it was agreed that PD2DSCH channel should be specified at least for indication of out of coverage D2D transmit resource pool or D2D frame number. At the RAN1 #78bis meeting, the content and synchronization resources of PD2DSCH channel were discussed including aspects when it can be transmitted. The following agreement was reached by RAN1 WG:
· Communication UEs transmitting D2DSS transmit PD2DSCH in in-coverage, out of coverage cases

· In coverage UEs participating only in discovery do not transmit PD2DSCH

· PD2DSCH periodicity is same as D2DSS periodicity

· PD2DSCH at least contains:

· DFN (already agreed for out of coverage)

· When PD2DSCH is transmitted by a UE in coverage, DFN = SFN of the cell of the UE 

· DFN is represented by 14 bits, comprised of SFN + offset indication

· TDD UL/DL configuration (3 bits)

· When PD2DSCH is transmitted by a UE in coverage, the value corresponds to the cell of the UE

· Field is reserved in case of FDD

· Field is reserved at least when PD2DSCH is transmitted by UEs which are transmitting D2DSS from D2DSSue_oon

· A receiving UE shall assume that any UE which is transmitting D2DSS from D2DSSue_oon is using the same preconfigured value of any reserved field.

In this contribution, we continue discussion on the content of physical D2D synchronization channel (PD2DSCH) and its design details. Our views on other D2D synchronization aspects were provided in companion contributions [1]-[4].
2  PD2DSCH and Different Deployment Scenarios
The PD2DSCH may be used to enable D2D communication in multiple deployment scenarios including in-coverage, partial coverage and out of coverage. It is transmitted by terminals to provide essential physical layer parameters used for D2D communication. The functionality of the channel may be similar to the PBCH channel in cellular scenarios.

In-coverage scenario

The D2D capable UEs may appear within network coverage hole. These UEs (due to lack of connection with eNodeB), may start transmission of D2DSS signals and/or PD2DSCH not aligned with the network timing. In this scenario, the synchronization procedure can be used to prevent potential interference issues in such situation. In addition, the D2DSS and PD2DSCH transmission may be useful in asynchronous networks.
Partial coverage scenario
In partial coverage scenario, the PD2DSCH may be used to carry information about in-coverage D2D resource pools to the UEs in network proximity, so that resource pools within network proximity are aligned. In addition, this channel can be used to inform out of coverage UEs about major D2D physical layer settings. It should be noted that forwarding of D2D specific information to out of coverage UEs may not be always feasible (there may be no D2D capable UEs in the cell). From this perspective, it is desirable to have default D2D settings at least for out of coverage operation.
Out of coverage scenario
In the out of coverage scenario, the PD2DSCH transmission may be used to indicate the out of coverage D2D resources (e.g. D2D TX pool as was already agreed) for communication and other essential physical layer settings.
In our previous contribution [4], we have highlighted main issue of D2D resource pool forwarding that is the large amount of bits being used for D2D resource pool configuration. In the next section, we continue discussion on the content and functionality of PD2DSCH channel in different scenarios.
3 PD2DSCH Content
The PD2DSCH channel is transmitted by the synchronization sources and its content may in general depend on the scenario. In this section, we discuss the potential set of information that may need to be carried by PD2DSCH. Table 1 discusses the PD2DSCH parameters for partial and out of coverage scenarios.
Table 1: Information carried by PD2DSCH for partial/out of network coverage scenario

	Information
	Description
	#bits

	Agreed Content

	D2D frame number
	Agreed for in-coverage and out of coverage

When PD2DSCH is transmitted by a UE in coverage, DFN = SFN of the cell of the UE. DFN is represented by 14 bits, comprised of SFN + offset indication
	14

	UL/DL configuration
	Indication of legacy UL/DL configuration

Field is reserved in case of FDD

In-coverage
Indication of 7 legacy UL/DL configurations. The value corresponds to the cell of the UE.
Out of coverage

Field is reserved at least when PD2DSCH is transmitted by UEs which are transmitting D2DSS from D2DSSue_oon
	3

	Cyclic redundancy check
	CRC
	16

	Additional Content (Under Discussion)

	D2D resource pool information
	In-coverage

Includes indication of the allocated time and frequency resources for Mode-2 D2D operation (SA and Data pools), Mode-1 SA reception, Discovery pool, etc. At least one pool is needed, if it can be assumed that network may change resource pool configuration (i.e. pre-configured settings are out dated) or there is no pre-configuration of in-coverage resource pool configurations.

Out of coverage

Includes indication of the allocated time and frequency resources for Mode-2 D2D operation (SA and Data pools) etc. At least one pool needs to be broadcasted if communication between in-coverage and out of coverage UEs is assumed. Alternatively, in-coverage UEs may be aware about out of coverage configuration (e.g. default configuration) through pre-configuration.
Another alternative is to fully rely on pre-configured information (for in-coverage and out of coverage resource pools).
	FFS
requires further discussion in RAN1/RAN2 on pool signaling

	System bandwidth / D2D operation bandwidth
	BW (1.4, 3, 5, 10, 15, 20 MHz)

In-coverage

If it is agreed that pool information can be forwarded by in-coverage UEs, then system bandwidth also needs to be forwarded, since pool is defined within a BW. The knowledge of the BW w/o forwarding pool information seems to be useless since pool configuration is BW specific.
Out of coverage

For out of coverage operation, the BW may be preconfigured if pools are also assumed to be preconfigured.

	3

	Max number of hops
	Max number of hops;

In-coverage (for partial coverage scenario)

Transmitted if it is not predefined by specification, e.g. 3 hops.

Out of coverage

Transmitted if it is not predefined by specification, e.g. 3 hops.
	≤ 2

	D2DSS received power threshold (RSRP threshold)
	In-coverage

NA according to current RAN1 WG agreement.

Out of coverage

Index to the table with predefined D2DSS RSRP values. Used as a condition to become synchronization source. Can be potentially pre-configured, however it is better to explicitly signal in order to avoid potential misconfiguration and misbehavior of synchronization procedure.
	2

	Synchronization source scanning time indicator
	In-coverage

Can be predefined by specification or configured by eNodeB and forwarded to UEs within network proximity.
Out of coverage

Scanning time for neighbor synchronization sources/areas. Repeated in the order of seconds, e.g. once per 10.24s with duration not less than D2DSS transmission period. Happens at the predefined D2D frame number.
	1


In order to enable communication between in-coverage and out of coverage UEs, both UEs need to know configuration of resource pools of each other in order to participate in communication. One of the options to enable such communication is to forward information about at least one resource pool in PD2DSCH channel. If this option is not acceptable, the only possible way is to have the same pool configuration for in-coverage and out of coverage or preconfigure UEs with in-coverage and out of coverage pool configurations. Note that in a latter case mechanisms that ensure validity of resource pool configurations needs to be defined.
Observation 1
· In-coverage and out of coverage UEs need to know configuration of resource pools of each other in order to participate in communication.

· One option to enable communication w/o UE forwarding is to assume common configuration of at least one pool for both in-coverage and out of coverage UEs. 

Alternatively, at least single Mode-2 resource pool configuration needs to be forwarded over PD2DSCH. For in-coverage UEs this configuration shall be assumed common across cells in order to avoid situation when UEs from different cells forward different resource pool configurations. Also out of coverage UEs should use the configuration common for out of coverage UEs. The Mode-2 resource pool configuration can be implemented in multiple ways as it was discussed in [4] and briefly reviewed here. The main issue that was discussed in [4] is the large amount of bits that may be needed in order to signal full information about D2D resource pool configuration. As it was discussed in [4] in order to keep the reasonable PD2DSCH payload size and appropriate link budget, the simplified mechanism may be defined. One of the approaches is that a relaying UE just indicates the predefined Mode-2 data resource pool configurations or time and frequency patterns to reconstruct the D2D pools. Alternatively, the set of Mode-2 resource pool configurations may be predefined by specification or preconfigured and include parameters such as Mode-2 SA scheduling period, Mode-2 SA and Data pools configuration.
Proposal 1
· Further discuss and agree on the remaining fields of the PD2DSCH content as discussed in Table 1.

· For communication between in-coverage and out of coverage UEs, decide between two alternatives:

· Pre-configuration of in-coverage and out of coverage D2D resource pools and definition of mechanisms to determine outdated resource pool configurations (if changed by network).
· Forward information about configuration of at least one D2D resource pool over PD2DSCH.

If additional specification efforts on D2D resource pool payload reduction for its forwarding in PD2DSCH are concerned, then it may be proposed to define PD2DSCH transmission cycle, where multiple periodical PD2DSCH instances may carry full information about D2D resource pool configuration in order to keep required link budget for PD2DSCH processing.

[image: image1.emf]1

PD2DSCH 

Transmission 

Period

PD2DSCH Transmission Cycle

2 3 4 1 2 3 4 1

PD2DSCH Transmission Cycle

Different redundancy 

versions or payload parts


Figure 1. PD2DSCH Transmission Cycle (Payload is shared among transmission instances within PD2DSCH cycle)
In this case, each PD2DSCH instance within PD2DSCH cycle may carry either different redundancy versions of the same PD2DSCH content or different parts of the PD2DSCH content.
4 Multiplexing of PD2DSCH/D2DSSs for Multi-hop Synchronization

The mapping of PD2DSS and SD2DSS signals should be aligned with the synchronization procedure. In case of multi-hop synchronization propagation, the hop count should be associated with the corresponding synchronization resource in time in order to enlarge the synchronization area from each hop as much as possible. The transmissions from the independent and gateway synchronization sources (ISS and GSSs, [3]) with different hop counts should not collide on the same time resource, in order to avoid shrinkage of synchronization area especially in case of dense deployments. The latter may happen if multiple closely located synchronization sources with different hop counts occupy the same synchronization resources in time (e.g. the resource of the independent synchronization source). In addition, hop TDM can simplify the tracking of the timing from synchronization sources with lower hop count.
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Figure 2: TDM multiplexing of D2DSS from different hops.

Proposal 2
· Time division multiplexing is used to multiplex D2DSS/PD2DSCH signals from different hops (i.e. synchronization sources with different hop counts should be associated with different synchronization resources in time).

5 PD2DSS and SD2DSS Mapping

The position of PD2DSS and SD2DSS may vary in order to optimize and simplify the timing and carrier frequency offset estimation accuracy. For D2D synchronization, the example of potential SD2DSS and PD2DSS and PD2DSCH mapping is shown in Figure 3. In this case, two PD2DSS signals are transmitted consecutively in order to perform initial coarse timing and frequency offset estimation [1]. The positions of the two SD2DSS signals are shifted relative to PD2DSS in order to provide sufficient spacing for accurate CFO estimation [2]. The remaining symbols are occupied by PD2DSCH data.

 
[image: image3.emf]1st hop 2nd hop

PD

2

DSS

PD

2

DSS

SD

2

DSS

SD

2

DSS

PD2DSCH

GAP

Affected by AGC

                  
[image: image4.emf]1st hop 2nd hop

PD

2

DSS

PD

2

DSS

SD

2

DSS

SD

2

DSS

PD2DSCH

GAP

Affected by AGC

   
Figure 3. SD2DSS and PD2DSS mapping in case of normal (left) and extended CP (right).

One of the open questions that needs to be decided is whether additional signals are needed to perform demodulation of the PD2DSCH channel. In our view the presence of PD2DSS and SD2DSS is sufficient to estimate channel and decode PD2DSCH. Given that there are quite stringent requirements on PD2DSCH link budget and uncertainty in terms of the PD2DSCH content we believe that synchronization signals can be used for PD2DSCH demodulation as well. The insertion of the additional symbols used solely for PD2DSCH demodulation may lead to performance loss. 
Proposal 3
· PD2DSCH is demodulated using synchronization signals carried in the same subframe.

6 Periodicity of Transmission

The PD2DSCH channel and synchronization signals (PD2DSS and SD2DSS) should be transmitted periodically. RAN1 WG agreed on 40ms periodicity of D2D synchronization resource. One resource was agreed for in-coverage operation and two resources were agreed for out of coverage operation. According to our discussion in [3], we suggest that for in-coverage case the D2DSS/PD2DSCH transmission periodicity is the same as sync resource periodicity. While to support D2D operation in partial coverage scenario, eNB may configure interlaced D2DSS/PD2DSCH transmission on the single resource which can be considered to enable two synchronization hops on the D2D link. In the out of coverage scenario, two D2DSS resources can be used to enable either 4 or 3 hop synchronization procedure as discussed in [3] and ensure D2DSS transmission periodicity up to 80ms.
7 Conclusions

In this contribution, we provided our views on design of physical D2D synchronization channel (PD2DSCH). In summary we have following proposals:

Observation 1
· In-coverage and out of coverage UEs need to know configuration of resource pools of each other in order to participate in communication.

· One option to enable communication w/o UE forwarding is to assume common configuration of at least one pool for both in-coverage and out of coverage UEs. 

Proposal 1
· Further discuss and agree on the remaining fields of the PD2DSCH content as discussed in Table 1.

· For communication between in-coverage and out of coverage UEs, decide between two alternatives:

· Pre-configuration of in-coverage and out of coverage D2D resource pools and definition of mechanisms to determine outdated resource pool configurations (if changed by network).

· Forward information about configuration of at least one D2D resource pool over PD2DSCH.
Proposal 2
· Time division multiplexing is used to multiplex D2DSS/PD2DSCH signals from different hops (i.e. synchronization sources with different hop counts should be associated with different synchronization resources in time).

Proposal 3
· PD2DSCH is demodulated using synchronization signals carried in the same subframe.
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