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1 Introduction

In a companion contribution [1] we have discussed and proposed the format for the physical D2D channels. Here, we discuss how to map such physical channels to the LTE frame stracture, including multiplexing with cellular channels and signals.

2 Overview of a Public Safety Carrier supporting D2D
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Figure 1: Frame structure for an (UL) PS D2D-enabled carrier.

Figure 1 summarizes the frame structure for the proposed UL D2D carrier for Public Safety. In case of a TDD carrier, the subframes in Figure 1 should be interpreted as UL subframes.
Larger D2DSS periodicity may be considered for commercial carriers, due to the lack of out-of-coverage and direct communication support.
The following sections provide details for each of the subframes shown in Figure 1.

2.1 Direct Synchronization Signals (D2DSS) and Channel (PD2DSCH)
The resources for D2DSS and PD2DSCH transmission are broadcasted by SIB. All D2D-enabled UEs having at least DL coverage should transmit D2DSS and PD2DSCH according to the serving cell SIB. As a simplification in Rel-12, it can be assumed that all D2D-enabled UEs transmit D2DSS/PD2DSCH.
Out-of-coverage PS UEs transmit D2DSS/PD2DSCH according to the resources signalled by UEs under NW coverage by use of PD2DSCH. If PD2DSCH from in-coverage UEs is not received, out of coverage UEs use pre-configured D2DSS/PD2DSCH resources.

D2DSS/PD2DSCH associated to different synchronization hops for the same original synchronization source are TDMed in different subframes. Details about D2DSS/PD2DSCH mapping and periodicity are provided in [2].
Proposal:

· D2DSS/PD2DSCH occupy the central 6 PRBs in periodic subframes configured by SIB, PD2DSCH or pre-configured
· SIB configuration, if received, has highest priority

2.2 Scheduling Assignments (SA)

The resources for SA transmission (the “SA pool”) are broadcasted by SIB and all D2D-enabled UEs detecting a SIB should transmit SA according to the serving cell SIB. For in-coverage transmitters SA Resources within the SA pool are granted by the eNB.
Out-of-coverage PS UEs transmit SAs according to the “SA pool” signalled by UEs under NW coverage by use of PD2DSCH. If PD2DSCH from in-coverage UEs is not received, out of coverage UEs use a pre-configured “SA pool”. For out-of-coverage transmitters SA Resources within the SA pool are contention-based.
SAs are transmitted in the same subframes carrying D2DSS, in order to optimize DRX possibilities in the receiver.

SAs are direct scheduling-related control information multiplexed on the physical direct broadcast channel. Details about the use of SAs and their transmission format are provided in [1][3][4].
Proposal:

· SAs may only be transmitted in the “SA resource pool” which consists of periodic subframes (periodicity 40ms)

· The “SA resource pool” is configured by SIB, PD2DSCH or pre-configured

· D2DSS and SA resources are multiplexed in the same subframes for DRX optimization
· SA resources are granted by the eNB for Mode-1
· SA resources are contention-based for Mode-2
2.3 D2D Data

For in-coverage PS transmitters, the resources for direct data transmission are granted by the eNB. Data resources granted by the eNB are not constrained to any resource pool [3].

Out-of-coverage PS UEs transmit data channels according to the “data resource pool” signalled by UEs under NW coverage by use of PD2DSCH [1]. If PD2DSCH from in-coverage UEs is not received, out of coverage UEs use a pre-configured “data resource pool” [4]. For out-of-coverage transmitters data resources within the SA pool are contention-based.

Independently of the coverage status of the transmitter, the data resource pattern is signalled by the corresponding SA. One of the advantages is that receivers only need to track and blindly detect SAs in the “SA pool”, with extensive DRX possibilities and complexity reduction (pending revision of RAN2 agreements regarding broadcast SA [6]).
Proposal:

· D2D data resources are granted by the eNB for Mode-1
· D2D data resources are contention-based for Mode-2
· Mode-2 data resources are restricted to the “data resource pool”

· The “data resource pool” is configured by SIB, PD2DSCH or pre-configured

· SIB configuration, if received, has highest priority
· Receivers do not need to blindly detect transmissions in the “data resource pool”

2.4 Discovery Resources

Discovery is expected to operate in dedicated periodic subframes [7]. Even though this is an eNB implementation freedom, we assume that discovery subframes do not typically overlap with SA or D2D data resources (even though occasional overlaps may happen). Additionally, at least PUCCH transmissions may happen in the discovery subframes.

The set of subframes to be tracked is signalled by broadcast information (e.g., SIB). The set of subframes used for discovery messages transmission can be signalled in broadcast (Type 1) or UE-specific fashion (Type 2). 

From energy and implementation efficiency perspective it is preferable that discovery resources are close to paging occasions, but not overlapping with paging subframes. However, this is clearly and eNB implementation aspect.
Proposal:

· Discovery is expected to operate in dedicated periodic subframes
3 Multiplexing Between D2D and Cellular
NW control principles enable the eNB to configure the most suitable multiplexing setting between D2D and WAN, from system perspective. It is also clearly an eNB implementation freedom whether/how schedulers should be coordinated in an inter-cell fashion. Inter-PLMN scheduler coordination that was mentioned in the email discussion [76b-12] is an unlikely solution, at least in Rel-12.
When D2D and cell-specific SRS symbols happen to collide in the same subframe it is useful that the last one or two D2D symbols are punctured. This step may however be redundant because of the guard period at the end of D2D channels.

Proposal:

· From a system perspective, it is up to eNB implementation how to multiplex D2D and cellular signals

· Puncturing of the last 1-2 SC-OFDM symbols of D2D channels may be considered when transmitting on subframes configured with cell-specific SRS

· A guard band may be provided between D2D resources and PUCCH in order to reduce in-band emissions towards PUCCH

· This can be implemented by the eNB without specification impact.
Finally, different D2D resources may occasionally collide and prioritization rules are needed, at least from transmitter perspective. From a single UE perspective, the following is proposed:
· Cellular tx/rx (on any carrier) is always prioritized over D2D tx/rx [5]

· D2DSS/PD2DSCH transmission has the highest priority among D2D channels/signals

· SA transmission has the second highest transmission priority among D2D channels/signals

· D2D data transmission has the third highest transmission priority among D2D channels/signals

· Discovery messages transmission has the fourth highest transmission priority among D2D channels/signals

When D2D channels and D2DSS are transmitted in the same subframe, the D2D channels should be punctured and time multiplexed with D2DSS (details in [1]).
When D2D channels and cell-specific SRS subframes are scheduled in the same subframe, the D2D channels should be punctured and time multiplexed with SRS. FFS whether a guard period is needed between D2D and the SRS symbol.
Proposal:

· Priority rules are needed to handle collisions between different D2D signals transmissions in the same subframe.
4 Conclusions
Based on the analysis in the paper, the following is proposed:
Proposal:

· D2DSS/PD2DSCH occupy the central 6 PRBs in periodic subframes configured by SIB, PD2DSCH or pre-configured

· SIB configuration, if received, has highest priority

· SAs may only be transmitted in the “SA resource pool” which consists of periodic subframes (periodicity 40ms)

· The “SA resource pool” is configured by SIB, PD2DSCH or pre-configured

· D2DSS and SA resources are multiplexed in the same subframes for DRX optimization
· SA resources are granted by the eNB for Mode-1

· SA resources are contention-based for Mode-2

· D2D data resources are granted by the eNB for Mode-1

· D2D data resources are contention-based for Mode-2

· Mode-2 data resources are restricted to the “data resource pool”

· The “data resource pool” is configured by SIB, PD2DSCH or pre-configured

· SIB configuration, if received, has highest priority
· Receivers do not need to blindly detect transmissions in the “data resource pool”

· Discovery is expected to operate in dedicated periodic subframes
· From a system perspective, it is up to eNB implementation how to multiplex D2D and cellular signals

· Puncturing of the last 1-2 SC-OFDM symbols of D2D channels may be considered when transmitting on subframes configured with cell-specific SRS

· A guard band may be provided between D2D resources and PUCCH in order to reduce in-band emissions towards PUCCH

· This can be implemented by the eNB without specification impact.
· Priority rules are needed to handle collisions between different D2D signals transmissions in the same subframe.
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