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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

· PD2DSCH is transmitted in D2DSS subframes, with larger periodicity than D2DSS

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 UEs use a pre-configured “SA pool” or the resource pool indicated in PD2DSCH, according to priority rules to be discussed in RAN2. For out-of-coverage transmitters SA Resources within the SA pool are contention-based.
SAs are preferably transmitted in the same subframes carrying D2DSS, in order to optimize DRX possibilities in the receiver. D2DSS may even be exploited to adjust AGC for SA detection, as a sort of preamble. Spreading SAs in time has also the advantage of enabling time diversity for SA retransmissions. The first SA symbols are punctured when SA and D2DSS are transmitted in the same SF. Details about the use of SAs and their transmission format are provided in [1][3].
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 or pre-configured

· D2DSS and SA resources are multiplexed in the same subframes for DRX optimization

· The SA symbols colliding with D2DSS are punctured in subframes that carry D2DSS
2.3 D2D Data

For in-coverage PS transmitters, the resource pools for direct data transmission are configured by the eNB. Out-of-coverage PS UEs transmit data channels according to the “data resource 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 “data resource pool”. For out-of-coverage transmitters data resources within the SA pool are contention-based.

Proposal:

· D2D data resource pools are configured by the eNB 
· The “data resource pool” is configured by SIB, PD2DSCH or pre-configured

· SIB configuration, if received, has highest priority
2.4 Discovery Resources

Discovery is expected to operate in dedicated periodic subframes. 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.

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 is an unlikely solution.
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
· 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 [2]).
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 Resource Allocation Protocol

In order to clarify the discussion, we define the following:

· A scheduling cycle is a subset of subframes with a pre-defined or configured position relative to the system time, SFN. In our proposal, the scheduling cycle is 160ms long and is cell-specific. 

· Each scheduling cycle may include both SA subframes and ProSe data subframes.

· All SAs transmitted within scheduling assignment n refer to data transmitted during scheduling cycle n+1.

· Each SA resource pattern schedules exactly one scheduling cycle

· Each data resource pattern (RPT) schedules exactly one scheduling cycle

· Each SA resource pattern schedules exactly one scheduling cycle
Note that, in principle, the SA pattern and data pattern lengths can be decoupled in the system design. However, such level of flexibility seems unjustified and a simpler design based on the common scheduling cycle is proposed here.

Proposal:

· Data and SA patterns have the same periodicity.
For Mode 1, SA resources and ProSe data resources are allocated by the eNB. The resource grant from the eNB determined the contents of the SA and the resource allocation for both SA and associated data transmissions. We do not see the need for semi-persistent scheduling and consider that each SA/data cycle is scheduled independently of the previous ones. Resource grants from an eNB always schedule SAs in the earlies possible scheduling cycle, provided that the first SA to be transmitted in the pattern is at least 4ms ahead in time. 
SAs always schedule data patterns in the directly following scheduling cycle. By SA pool construction it is easy to enforce that a spacing of at least 4ms is present between SA and associated data patterns.

For Mode-2, we consider a similar resource allocation as discovery Type-1 where UEs select a random SA resource and associated RPT within the (pre)-configured Mode-2 pools.

Proposals:

· For Mode-1, each eNB grant schedules SA and data resources for a single scheduling cycle;

· Resource grants from an eNB always schedule SAs in the earlies possible scheduling cycle, subject to latency constraints.
· For Mode-2, each UE selects a random SA and associated data resource pattern for each scheduling cycle.

· The SA and associated data are always spaced by at least 4ms

It was observed at RAN1#76bis that SAs reception may be rather unreliable due to, e.g., unpredictable inband emissions, collisions, duplex constraints or link limitations. We agree indeed that SA reliability at system level may be significantly below the performance shown at link level and we suggest two complementary ways of improving SA reliability:

1. Transmission of redundant SAs in Mode-1 (under eNB control). This is discussed in more detail in Section 5.1.
2. Data transmissions at scheduling cycle n may include a pointer to the following data transmission at scheduling cycle n+1, in the MAC header. This is particularly useful for stable and loss-sensitive traffic such as VoIP.

Proposals:

· Data transmissions at scheduling cycle n may include a pointer to the following data transmission at scheduling cycle n+1, in the MAC header.
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Figure 2: Signaling flow for Mode-1 resource allocation. In this example, the eNB selects SA patterns with N=1 SA/cycle and the selected SA resource is different at different cycles. The grant becomes effective at the next SA cycle (excluding a 4ms scheduling latency). The SAs received at scheduling cycle n refer to data transmissions at cycle n+1. Data received at cycle n may include scheduling information multiplexed with the MAC header to improve reliability of reception at cycle n+1.
4.1 Receiver Behavior

Before defining resource allocation details, it is important to agree on the receiver behaviour. We propose to agree on the following clarifications:

Proposals:

· From a receiver perspective Mode-1 and Mode-2 are not distinguishable

· The receiver determines the SFN based on D2DSS and MIB, identifies SA and Mode-2 pools based on SIB and monitors SA resources accordingly.

5 Pre-defined Time-Domain Patterns Design

A transmission resource pool is a set of time and frequency resources from which a UE-specific resource configuration for ProSe transmissions may be selected. Resource pools can either be pre-defined or configured by the network. Each resource pool is based on a non-empty set of pre-defined time-domain patterns.The resource pools are typically cell-specific or pre-configured. The patterns for SA and data (RPT) need to be specified in order to allow signalling of time-domain pattern indexes in the resource grants and SA. In this section we provide principles for the pattern design and some examples.

Proposal:

· Resource patterns for data and SA span resources from respectively the data and SA resource pools.

· A set of possible resource pools is specified.

5.1 Pre-defined SA Time-Domain Patterns Design

· SA resource pools consist of equally spaced SA subframes. An SA subframe periodicity of 40ms is considered in this contributions.

· Within the SA pool, the same SA patterns are defined for Mode-1 and Mode-2:
· The sets of pre-defined SA patterns may be different for FDD and TDD (for certain TDD configurations, patterns with no retransmissions might be considered).
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Figure 3.  Example of pre-defined SA patterns. For each pattern, the transmitter sends SA is in the blue subframe(s). 

Proposal:

· Consider the time patterns in Figure 3 for SA transmission

5.2 Pre-defined Data Time-Domain Patterns Design (RPT)

· Data resource pools consist of a number of data subframes for mode-1 and/or mode-2 transmissions

· The data resource pools are configured by the eNB, by SIB or UE-specific RRC. 
· SA subframes may occasiobally collide with the data pool, according to eNB configuration.
· For FDD, ProSe data transmissions are always dropped whenever they collide with PRACH resources.

· The sets of pre-defined data patterns may be different for FDD and TDD.

· The patterns determine the positions of the retransmissions in time domain

· A minimum 4ms spacing is assumed between retransmissions of the same TB, to cope with processing latency (this rule may be relaxed for some TDD configurations)
· Different patterns are defined for different traffic types

· At least for VoIP only one HARQ process/UE is assumed.

· At least for FDD VoIP, patterns are 160ms long but they are periodic every 20ms.

In [1] we have analysed VoIP performance and come to the conclusion that each VoIP packet requires at least 4 blind retransmissions every 20ms. We have also argued in favour of time randomization between different RPTs, in order to cope with the half duplex constraints. In Figure 4 we present some example data patterns that show how to randomize resources within a data pool of 5 subframes every 20ms. Note also that retransmissions are spaced by at least 4ms.

We also observe that some common TDD configurations have low UL subframes density and data patterns design principles may need some special adjustment to cope with such constraints. Therefore, in this contribution we focused on the relatively easier FDD case.
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Figure 4: Example resource pool and associated data patterns for FDD VoIP. The patterns repeat every 20ms.
In addition to the data subframes shown in Figure 4 the carrier will also include SA subframes with periodicity of 40ms, as discussed in Section 5.1. The SA subframes may or may not overlap with data subframes, depending on eNB configuration.
Proposal:

· Consider the time patterns in Figure 4 for data transmission (RPT) of VoIP in FDD carriers.

6 Outstanding Issues for RRC Configuration of UEs

During email discussion [77-20] a number of outstanding issues were identified when it comes to parameters configuration. We share some of our views in the following:

Frequency domain configuration of the resource pools: in our viws the main reasons motivating subband limitation of the resource pools are PUCCH protection and FDM of cellular PUSCH and D2D. We prefer a simple and compact signalling of the subbands where 2 symmetrical subbands are configured, possibly spanning the whole system BW. 

Independent configuration of Tx and Rx pools: we believe that each eNB must have the freedom to configure tx and rx pool(s) independently, both for UE-specific and cell-specific RRC configurations. Accordingly, the eNB must have the possibility of configuring UEs as “monitoring” and/or “discoverable” depending on the application. This is also a requirement from 22.803.
Clustering of RRC parameters: continuously monitoring the D2D SIB for the serving cell is a major burden for an IDLE UE. This is even worse when considering tracking of multiple PLMN’s SIBs for inter-PLMN discovery. However, such requirement can be easily alleviated by letting the NW provide the valid tx/rx configuration for multiple cells. The UE can then adopt the correct configuration based on the cell-ID of the cell it camps on, without need for reading the full D2D SIB. Even though details should be discussed in RAN2, this solution may be achieved, e.g., by UE-specific RRC signalling whenever a UE enters a new tracking area. 
Synchronization information: UEs benefit from knowledge about the synchronization accuracy between cells when setting the width of the D2DSS search window for neighbour cells. We believe that most asynchronous deployments may have inter-cell timing inaccuracy in the order of +/-5ms, which means that a ~10 subframes wide window should be used by the UE when searching for D2DSS. On the other hand, for synchronous deployments the search window can be much narrower. We suggest to include in SIB information on the inter-cell synchronization accuracy. If such information is not agreeable we suggest informing RAN4 that UEs shall regard all deployments as asynchronous when it comes to DRX and search windows width.
Threshold for transmitting D2DSS: we see some benefit in configuring an RSRP threshold that determines whether in-coverage UEs should tranmit D2DSS or not.
Pools configuration: we believe that bitmaps are inefficient ways for signalling pools. It is unclear how transmission patterns can be derived from arbitrary pools and we are concerned about the associated standardization effort. Furthermore, UEs may not assume any property in the patterns if the pools are arbitrarily defined which is undesirable from a UE implementation perspective. We suggest that RAN1 defines a limited number of reasonable pools, of different length. The RRC parameter has an index to the selected pool.
Synchronization Parameters: we see synchronization as a common process for discovery and communication. We believe, though, that NWs that do not support communication may configure large D2DSS periodicity.
7 Conclusions
Based on the analysis in the paper, the following is proposed:
· D2DSS/PD2DSCH occupy the central 6 PRBs in periodic subframes configured by SIB, PD2DSCH or pre-configured

· SIB configuration, if received, has highest priority

· PD2DSCH is transmitted in D2DSS subframes, with larger periodicity than D2DSS

· 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 or pre-configured

· D2DSS and SA resources are multiplexed in the same subframes for DRX optimization

· The SA symbols colliding with D2DSS are punctured in subframes that carry D2DSS
· D2D data resource pools are configured by the eNB 

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

· SIB configuration, if received, has highest priority
· 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.

· Data and SA patterns have the same periodicity.
· For Mode-1, each eNB grant schedules SA and data resources for a single scheduling cycle;

· Resource grants from an eNB always schedule SAs in the earlies possible scheduling cycle, subject to latency constraints.
· For Mode-2, each UE selects a random SA and associated data resource pattern for each scheduling cycle.

· The SA and associated data are always spaced by at least 4ms

· Data transmissions at scheduling cycle n may include a pointer to the following data transmission at scheduling cycle n+1, in the MAC header.

· From a receiver perspective Mode-1 and Mode-2 are not distinguishable

· The receiver determines the SFN based on D2DSS and MIB, identifies SA and Mode-2 pools based on SIB and monitors SA resources accordingly.
· Resource patterns for data and SA span resources from respectively the data and SA resource pools.

· A set of possible resource pools is specified.

· Consider the time patterns in Figure 3 for SA transmission

· Consider the time patterns in Figure 4 for data transmission (RPT) of VoIP in FDD carriers.
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