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1 Introduction

During the work on feasibility of LTE proximity services [1], the RAN1 WG has discussed possible resource allocation modes for different scenarios. According to the latest working assumption a transmitting D2D UE can operate in two modes for resource allocation:

· Mode 1: eNB or Release-10 relay node schedules the exact resources used by a UE to transmit direct data and direct control information
· FFS: if semi-static resource pool restricting the available resources for data and/or control is needed

· Mode 2: a UE on its own selects resources from resource pools to transmit direct data and direct control information

· FFS if the resource pools for data and control are the same
· FFS: if semi-static and/or pre-configured resource pool restricting the available resources for data and/or control is needed
· D2D communication capable UE shall support at least Mode 1 for in-coverage case.

· D2D communication capable UE shall support Mode 2 for at least edge-of-coverage and/or out-of-coverage.
In this contribution, we discuss D2D operation outside of network coverage and consider aspects of resource pre-configuration, data transmission patterns and direct resource allocation for the control channel.
2 Preconfigured D2D Communication Resource Pool
In the out-of-coverage case, D2D communication resource pool is composed at least from synchronization resources, scheduling assignment resources (D2D control information – D2DCI) and D2D data transmission resources. Since there is no eNB that may provide the configuration, a pre-configured D2D communication resource pool needs to be defined by specification. The notion of time to follow the pre-configured resources is provided by synchronization sources and the configuration itself contains resource allocation information for D2D channels (e.g. offset/periodicity/granularity). 
Proposal 1
· D2D communication resource pool for out of coverage contains synchronization resources (D2DSS, PD2DSCH), scheduling assignment resources (D2DCI) and D2D data resources
In the partial network coverage case, the configuration of D2D resources may be signaled based on the network and forwarded by edge-coverage UEs to the outside in the PD2DSCH channel in order to align D2D resources and reduce interference issues for cell cell-edge UEs. Additionally, UEs which acquire synchronization by multi-hop propagation from a network can use additional resources for D2D transmission which are not allowed in the network configuration if they separated by several hops (e.g. 2) because of good spatial separation.
Proposal 2
· UEs which are nearby with network coverage acquire resource pool configuration from the relayed PD2DSCH channel.
· UEs which separated from network coverage by several sync hops can use preconfigured resources for transmission due to good spatial separation from network cell-edge UEs.
3 Data Transmission Patterns
The D2D data transmission region can be composed from multiple orthogonal (or quasi-orthogonal) logical time-frequency channels (LTFCs). The pointer to one of these LTFCs may be carried by D2DCI (explicitly in the payload or implicitly in D2DCI logical coordinates in the SA region). In this section, we discuss the possible design aspects of predefined data transmission patterns for out-of-coverage operation with Mode-2 resource allocation option.
Note, that logical time-frequency channels can always be divided into separate frequency (LFC) and time (LTC) components. In the next sections we discuss both components separately in details.
3.1 Frequency Domain Partitioning
The frequency domain partitioning was discussed in the SI phase and the usage of narrowband (up to 6 PRBs) frequency channels for transmission of VoIP traffic and frequency reuse interference mitigation mechanisms was evaluated [6]. With such frequency granularity about 8-25 orthogonal frequency channels may be available depending on a single channel bandwidth size of 2-6 PRBs (assuming 10MHz public safety spectrum and 50 PRBs allocated for D2D data transmissions). Additionally, frequency position can be changed per subframe or per slot basis without collisions by reusing existing PUSCH/PUCCH hopping equations with possible constraints.
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Figure 1: Frequency partitioning of D2D data transmission region with in without hopping
3.2 Time Domain Partitioning

The time domain partitioning of data transmissions is also required for D2D broadcast operation in order to avoid half-duplex collisions and in-band emission blocking problems. In this contribution, we analyze two general approaches for time domain partitioning of D2D resources (see examples in Figure 2):

· Regular patterns in time: the resource partitioning is represented by a set of regular subframe patterns along the whole transmission interval and can be characterized by amount of resources available per some predefined period (e.g. 4 consecutive subframes per 20ms).
· Pseudo-random patterns in time: the resource partitioning has random structure along predefined randomness period but the pattern can be repeated over time.
Both of the above mentioned approaches can also be of two following types in terms of time orthogonality between frequency channels:

· Type-1 (orthogonal): the time resource partitioning is common across all terminals and all time domain patterns are fully orthogonal for all LFCs.
· Type-2 (overlapped for different LFCs): the time resource partitioning is defined commonly across all terminals but time domain patterns can be non-orthogonal in time on different LFCs.
Another possible type, when the resource partitioning is defined in UE-specific manner and therefore, time domain patterns may be non-orthogonal even for the same LFC, but due to non-orthogonal time allocations it may even suffer from co-channel interference collisions and thus it is not considered in the further analysis.
The Type-2 time domain partitioning can benefit from the in-band emission interference randomization effect but on the other hand it is difficult to control half-duplex collisions when active D2D UEs may not hear each other because of low probability to select fully orthogonal transmission patterns. All these effects are discussed and evaluated below in the next sections.
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Figure 2: Example of time-frequency data transmission patterns
3.2.1 Half-Duplex Considerations

To analyze a potential half-duplex problem for the considered patterns, in this section we show the probability of 2 terminals to have a stable VoIP link if they randomly select one of the available time domain patterns. In other words, we analyze probability that at least 98% of packets of two VoIP users do not overlap with more than N TTIs, where N = 1, 2, 3, 4.
In Table 1 the average successful links ratio vs. pattern type vs. number of TTIs which need to be decoded for successful packet reception is shown. The VoIP traffic model with 100% voice activity is used in order to estimate lower bound. The number of TTIs per one VoIP packet is assumed to be 4, but there are different groups of users that need different number of TTIs from 1 packet to be received for successful decoding of the whole VoIP PDU.
Table 1: Average successful links probability vs. pattern type and number of TTIs for decoding. Pattern period 20ms
	
	1 of 4 TTI
	2 of 4 TTI
	3 of 4 TTI
	4 of 4 TTI

	Regular Type-1
	0.80
	0.80
	0.80
	0.80

	Regular Type-2
	0.96
	0.89
	0.81
	0.73

	Random Type-1
	0.80
	0.80
	0.80
	0.80

	Random Type-2
	0.99
	0.95
	0.71
	0.60


As it can be seen, the Type-2 time domain partitioning is better when the number of TTIs for successful reception is low - 1 or 2, but it get worse than Type-1 option if 3-4 TTIs are needed for successful decoding. Therefore, in coverage limited scenarios where many RX UEs need 3-4 TTIs to decode a VoIP packet, the half-duplex problem is much more significant for Type-2 patterns.
Observation 1
· Type-1 resource allocation is beneficial in coverage limited scenarios in terms of half-duplex problem resolution.

· The same observation is valid in terms of in-band emission problem (i.e. from UE receiver perspective when two TXs block each other by in-band emission).
Another question here, is the impact of the randomness period duration on half-duplex issue metrics. In Figure 3, the average successful links probability vs. randomness period is shown for different number of TTIs required for decoding for Random Type 2 pattern.
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	Figure 3: Success link probability vs. randomness period for different target number of TTIs required for decoding


From the Figure 3 it can be concluded that increase of randomness period significantly impacts half-duplex collision ratio.

Observation 2
· The longer the randomness period of a time domain pattern, the worse half-duplex issue for Random Type 2 patterns.
3.2.2 Simulation Results

In this section, we analyze VoIP performance depending on randomness period and time reuse factor of the random patterns. In Figure 4 the CDF of number of successful VoIP communication links at each D2D transmitter is shown. The Random Type-2 pattern was selected for this analysis and {20, 40, 80} ms pattern periodicity is set. The Hotspot outdoor deployment scenario is modeled because it is the most sensitive to in-band emission interference [6], [7]. More detailed simulation assumptions can be found in Appendix A.
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	Figure 4: Performance of Random Type-2 pattern depending on randomness period and time reuse factor


Observation 3
· Broadcast VoIP performance of the random patterns is sensitive to the randomness periodicity and show the best results with minimum periodicity values (20ms) due to minimum in-band emission blocking probability of the whole voice stream.
· The larger time reuse factor the better the broadcast VoIP performance.
In the next set of simulation results we plot the performance metrics of all options listed in section 3.2. The randomness period is set to 20ms and time reuse factor is set to 5 according to the best scheme from Figure 4. We additionally plot the performance of the Regular Type-1 pattern with Synchronization Source assistance option [7], because this assistance option can only be applicable to Type-1 time domain transmission patterns.
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	Figure 5: Performance of different data transmission patterns


Observation 4
· Randomized patterns are beneficial to exploit time diversity gains but may suffer from TX-RX switching and AGC settling time overhead.
· The regular pattern structure may be used for synchronization source assisted resource selection scheme that gives additional performance gains.
Proposal 3
· Pre-defined orthogonal time domain transmission patterns are used for Mode-2 operation.
· Pre-defined orthogonal frequency domain logical channels of 2-6 PRBs are used for Mode-2 operation.
4 Scheduling Assignment Resources for D2DCI Transmission

The D2DCI concept is discussed in details in [4] and [5]. In this section, we provide our views how a resource for D2DCI transmission is selected in out-of-coverage scenario, where there is no eNodeB controlled resource allocation.
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Figure 6: SA resources for D2DCI transmission in logical domain
The D2DCI carries the L1 parameters of the subsequent direct transmission [4] [5] for efficient physical layer processing of the D2D data transmission channel. It is straightforward that for transmission of D2DCI an UE selects the least congested resources (i.e. with minimum received energy). But in this case there is a probability of collisions, when several UEs simultaneously measured the same resource as the least congested. The cost of D2DCI collision is very high due to relatively low periodicity of the control channel thus additional collision avoidance mechanisms may be needed.
In order to support intelligent collision avoidance mechanism, D2DCI may additionally contain information about the expected time of releasing the D2DCI resource in order to inform D2D transmitters which are looking for free D2DCI resources. Another possible solution is to randomly back-off prior to D2DCI transmission for collision resolution, but this will require additional overhead and latency of the control region. One more possible solution is to deploy collision resolution mechanism at the higher layers.

Proposal 4
· Further study collision avoidance mechanisms for D2DCI transmissions in Mode-2 operation

Another question is the capacity i.e. amount of D2DCIs that can be transmitted on orthogonal resources (amount of allocated scheduling assignment resources). It makes sense to define D2DCI resource number aligned with the number of orthogonal logical time-frequency channels. For example for 80 orthogonal LTFCs at least 80 orthogonal D2DCI resource units are needed to support simultaneous transmission on all channels.

Proposal 5
· The number of orthogonal D2DCI resources needs to be aligned with the number of orthogonal logical time-frequency channels.
Moreover, the D2DCI time-frequency logical structure may be 1:1 mapped according to time-frequency structure of orthogonal data transmissions. It is beneficial from the half-duplex and in-band emission problems resolutions:

Observation 5
· The 1:1 mapping between data and D2DCI resources may benefit Mode-2 operation and should be further analyzed.
5 Conclusions
Proposal 1
· D2D communication resource pool for out of coverage contains synchronization resources (D2DSS, PD2DSCH), scheduling assignment resources (D2DCI) and D2D data resources

Proposal 2
· UEs which are nearby with network coverage acquire resource pool configuration from the relayed PD2DSCH channel.

· UEs which separated from network coverage by several sync hops can use preconfigured resources for transmission due to good spatial separation from network cell-edge UEs.

Proposal 3
· Pre-defined orthogonal time domain transmission patterns are used for Mode-2 operation.

· Pre-defined orthogonal frequency domain logical channels of 2-6 PRBs are used for Mode-2 operation.

Proposal 4
· Further study collision avoidance mechanisms for D2DCI transmissions in Mode-2 operation

Proposal 5
· The number of orthogonal D2DCI resources needs to be aligned with the number of orthogonal logical time-frequency channels.
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Appendix A – Simulation Assumptions
This appendix provides, summary of the system level evaluation assumptions that were used for system level analysis of VoIP D2D broadcast communication in out of coverage Public Safety specific scenarios.

	Parameter
	Value

	Deployment scenarios
	Out of coverage, Option 5, 57 cells, ISD = 1732m [1]
Hotspot drop (100% outdoor)

	Synchronization
	Ideal synchronization

	D2D spectrum
	700 MHz @ 10 MHz, 48 PRBs are allocated for data transmissions

	Maximum TX power
	23 dBm

	Power control
	Maximum power transmission

	RSRP threshold
	-112 dBm

	Pathloss model
	According to [1]

	Fast fading model
	According to [1]

	UE antenna configuration
	1 TX, 2 RX

	UE number
	3 transmitters and 29 receivers per cell sector

	In-band emission model
	Modeled according to the modified mask from TS 36.101 with {3,6,3,3} specific offsets [1]

	Traffic model
	VoIP traffic with header compression (328 bit payload) according to [1]

	Transmission resource units
	16 frequency channels of 3 PRB
4 TTI blind transmission
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