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1 Introduction

In this contribution, we provide system level analysis for VoIP traffic in Public Safety out of network coverage scenarios. The contribution is composed from 6 sections. In section 2, we discuss the challenges associated with public safety out of network direct communication. In section 3 and 4, we provide possible configurations for the data transmission regions and transmission opportunities as well as discuss potential approaches for resource selection. Section 5 and 6 provides selected system level simulation results and conclusions are drawn in the last section of contribution.
2 P2P Communication Challenges in Public Safety Use Cases
The public safety communication implies additional challenges for peer-to-peer communication, especially in out of network coverage scenarios.
Synchronization

The synchronization needs to be established between public safety terminals in order to have regular access to system resources. The synchronization among terminals may be established in local area by using hierarchical or distributed approaches [2]. Due to UE mobility the user may need to cross synchronization boundaries in order to support communication.
Link level limited
According to the agreed evaluation methodology and requirements the link budget for D2D broadcast data transmissions should be -135 dB to cover most of the interested receivers [5],[6]. The link level simulation results show that at least 4-8 TTI repetition is needed to achieve target MCL of -135 dB for critical VoIP services [4] in different propagation conditions and channel models.
Long transmission range

The majority of receivers are located at large distances from the transmitters. The transmission range areas of multiple transmitters may overlap significantly. In that case, each receiver can be associated to several transmitters and should be able/target to receive data from them. From the previous analysis [5], it can be seen, that in this case signals from different transmitters are likely to arrive with substantially different RX power levels. In case of frequency division multiplexing, the receiver should have large dynamic range to successfully process both signals, however even in this case the simultaneous processing of signals from several transmitters may not be possible due to in-band emission. In case of time division multiplexing, the AGC should be able to track large received power changes over short periods of time (e.g. subframes, or subframe bundles).
In-band emission
As it was shown earlier in [5], the in-band emission can be harmful for broadcast communication when receivers target to process signals from multiple transmitters, transmitting in the same time resource. Figure 1 illustrates the problem of in-band emission when transmission ranges of two transmitters are partially overlapped.
	Transmission ranges

	1) Non-overlapped
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	2) Partially overlapped
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	3) Fully overlapped
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	Figure 1: Overlapped transmission ranges


Observation 1
The following observations can be made assuming simultaneous transmissions on orthogonal frequency resources:
· In case of non-overlapped areas, transmitters have disjoint sets of associated receivers. Receivers can successfully receive data from corresponding transmitters within transmission range.
· In case of partially overlapped areas, there may be users which are interested in reception from both transmitters but are able to receive a signal only from one transmitter because of in-band emission and de-sensing problems.
· In case of fully overlapped areas, transmitters have almost the same set of associated receivers. Due to proximity of transmitters, there may be no significant de-sensing problems and majority of associated receivers may successfully receive data from both transmitters.
3 Resource Partitioning
When synchronization is established among terminals, the D2D resource pool may be divided into periodical data transmission regions each composed from the set of transmission opportunities. Transmission opportunity can be defined as preconfigured logical time-frequency channel within the data transmission region. The transmission opportunity can be selected by each UE autonomously or indicated by peer-radio head (PRH) node. In both cases the transmission opportunity consists of a set of PRBs and subframes (TTIs).
The data transmission region may be partitioned following the FDM only (logical frequency channels), TDM only (time channels-slots) or FDM+TDM principles (logical time-frequency channels). In this contribution, we consider FDM only and FDM+TDM partitioning of data region (see examples used for system level analysis in out of network coverage scenario in Figure 2).
In case of FDM only partitioning, the logical frequency channels are defined. The frequency hopping in time may be used to improve performance. The transmission opportunity in this case is defined as the set of PRBs spanned over a set of TTIs.
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Figure 2: Illustration of FDM/TDM data region partitioning.
In case of FDM+TDM partitioning, the data region is divided into logical time-frequency channels. The frequency hopping in time and/or time-spreaded transmissions (distributed over time) can be used to improve performance and extract gains from the frequency and time diversity respectively.

4 Resource Selection Methods

In this section, we describe different methods of resource selection for data transmission.
4.1 Resource Selection In Case of FDM Data Region
In case of FDM partitioning, data region is divided into NF logical frequency channels (e.g. NF = 16). The terminals may select logical frequency channel based on minimum received energy (Greedy) or randomly. For both cases, in time domain, the probabilistic access to time resources is considered. In particular, two modes are studied for packet transmission:

1) Random over time. In this mode, once an UE has got a packet it starts transmission in frequency channel with minimum reported energy. The transmission attempts of one VoIP packet continues at each next TTI, based on predefined probability PRA (0 < PRA < 1) until the maximum number of TTIs per one VoIP packet is reached.
2) Consecutive in time. In this mode, once an UE has a packet for transmission it starts transmission on the nearest transmission opportunity and transmits consecutively unless the maximum number of TTIs per transmission opportunity is reached. It should be noted that consecutive in time approach may be considered as random over time with PRA = 1.
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Figure 3: Illustration of random and consecutive transmission for FDM data region.
4.2 Resource Selection In Case of FDM+TDM Data Region
In case of FDM+TDM partitioning, the data region is divided into multiple logical channels in time and frequency domain. Each transmission opportunity is represented by one time-frequency channel that spans a set of PRBs and a set of TTIs.
For resource selection, several methods are analyzed in this contribution:

· Greedy in time and frequency. In this case Greedy algorithm operates over whole set of time-frequency logical channels (transmission opportunities) defined in data transmission region.
· Greedy in frequency and coordinated in time. In this case, the active transmitters are divided into the TDM and FDM groups. FDM groups are formed based on RSRP/pathgain criteria. For each randomly selected transmitter the set of TXs in neighborhood is determined based on RSRP/pathgain threshold X. Transmitters with mutual pathgain below the X dB threshold form one FDM group. The FDM groups are distributed over time channels using Greedy approach based on minimum received energy. In addition, the greedy algorithm is applied over frequency channels in each TDM group. This approach may be considered as a grouping/clustering of neighborhood TXs into FDM and TDM groups under control of peer radio heads. Therefore it may be considered as method based on resource selection assistance provided by PRHs. The motivation for this approach is to reduce the in-band emission problem, when set of receivers cannot get traffic from two transmitters, if those transmit simultaneously, but can receive data when two broadcast UEs are multiplexed in time.
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Figure 4: Illustration of TDM+FDM coordination.
5 Additional System Level Statistic

From the previous study [5], the in-band emission is shown to be a limiting factor for VoIP services in Public Safety scenarios (especially in the Hotspot scenario, where transmitters and receivers are grouped in a small geographical area). In this section, we analyze in-band emission impact in static environment assuming only 2 transmitters have traffic at each moment of time. Both transmitters select orthogonal frequency resources, thus only in-band emission produces interference to the receivers associated with different transmitters. The emission to non-allocated subcarriers is set to -36 dB below the allocated PSD level according to minimum floor of the agreed emission mask [8].
Figure 5 shows the average fraction of UEs associated to each transmitter that can successfully receive VoIP transmission (328 bit, 1PRB x 6TTI and 2PRB x 6TTI schemes) in the PS Hotspot scenario for different pathgains between two transmitters (TX pairs are selected according to TX-TX pathgain range). As it can be seen, the distant transmitters operating in the same time resources decrease the amount of RXs that can be covered by each transmitter.
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	Figure 5. CDF of fraction of UEs covered within association range vs. TX-TX pathgain (PS Hotspot)


Observation 2
· If transmission ranges are overlapped, probability to cover UEs within association range reduces, when transmitters are moving away from each other (TX-TX pathgain reduces).
· The in-band emission impact is negligible when transmitters are located close to each other (up to -40-60 dB pathgain)
· For broadcast operation, strongly coupled transmitters may be orthogonalized in frequency without degradation caused by in-band emissions.

· There is a tradeoff between in-band emission and co-channel frequency reuse factor. The narrow band allocations increase the frequency reuse factor in terms of co-channel interference, however produce increased in-band emissions when same maximum TX power is considered.
6 VoIP System Level Performance Analysis

In this section, we provide system level evaluation analysis of the discussed resource allocation structures and selection methods. In current analysis, it is assumed that transmissions are time aligned and the propagation delay is absorbed by cyclic prefix duration.
6.1 Analysis of Resource Selection Schemes
In this section, the following resource selection schemes are evaluated:

· Greedy FDM, “always on” (random access probability is PRA = 1);
· Greedy FDM, random access (random access probability is PRA = 0.5);
· Greedy FDM + TDM (greedy resource selection over whole set of time-frequency logical sub-channels);
· Greedy FDM + Coordinated TDM (pathgain threshold -60dB for IO user drop and -90dB for hotspot and uniform user drop).
As it was analyzed in our companion contribution [4], at least 6 TTIs are needed for a single VoIP packet to achieve target MCL of -135 dB. In this study, we evaluated two resource configurations for transmission opportunity of one VoIP packet: 1) 6TTIs and 2 PRBs 2) 4TTIs and 3PRBs. The second option provides more flexibility in time since more transmission opportunities can fit into the 20ms VoIP packet inter-arrival time.
The system level simulation results for different deployment scenarios, resource selection methods and resource configurations are shown in Figure 6. According to our results, the random selection of logical frequency sub-channels for FDM data region is slightly worse than the greedy FDM, thus only greedy frequency resource selection is presented in this section. The comparison of the random and greedy resource selection approaches can be found in Appendix B.

	Hotspot (100% Outdoors)
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	Uniform (100% Outdoors)
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	Indoor-Outdoor Mix (80% Indoor, 20% Outdoor)
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	Figure 6. System level analysis of the VoIP traffic in out of network coverage PS scenarios (3 TXs per sector)
 a) CDF of the number of covered UEs (RXs) by VoIP transmission; b) CDF of the number of received VoIP streams/sessions from different TXs.


Observation 3
· The performance is sensitive to the amount of TTIs utilized for transmission of one VoIP packet due to high link budget requirements and in-band emission impact.

· For hotspot user drop:

· In case of FDM only data region, the consecutive transmission in time (“always on” PRA = 1) outperforms random access in time (scheme PRA = 0.5), since the probability of blocking VoIP packets for a given stream during one talk spurt increases in time (over duration of talk burst period).
· Greedy FDM+TDM outperforms Greedy FDM (PRA = 1) for the case of 3 PRBs and 4 TTIs, while has slightly worse performance for the case of 2 PRBs and 6 TTIs.

· Coordinated TDM approach shows the best performance. In this scenario, 4 TTIs are more beneficial due to reduced impact of in-band emissions.
· For uniform user drop scenario:
· Scenario is mainly link limited due to large distance between transmitters and the fact that large number of associated receivers are close to the target MCL range.
· In-band emission blocking issue is negligible in this deployment scenario.
· It is beneficial to further increase number of TTIs to achieve upper bound in terms of number of covered RXs.
· For indoor-outdoor user drop scenario:

· All schemes have similar performance near the upper bound due to low interference in indoor-outdoor propagation environment.

· Transmissions using 6 TTIs show slightly better performance comparing to 4 TTIs.

· For all scenarios:

· Coordinated TDM approach achieves better performance in all scenarios.

6.2 Analysis of Larger Transmitter Density
As it can be seen from the previous section D2D broadcast performance in Indoor-Outdoor mix and Uniform scenarios is mostly limited at link level due to good spatial separation of most of the transmitters. To check performance of the discussed resource allocation methods in more interference limited environment we increase the number of active transmitters to 9 per sector. The performance results for the selected methods from the previous section are presented in Figure 7.
	Hotspot (100% Outdoors)
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	Uniform (100% Outdoors)
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	Indoor-Outdoor Mix (80% Indoor, 20% Outdoor)
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	Figure 7. System level analysis of the VoIP traffic in out of network coverage PS scenarios for increased number of transmitters (9 TX per sector)
 a) CDF of the number of covered UEs (RXs) by VoIP transmission; b) CDF of the number of received VoIP streams/sessions.


Observation 4
· When amount of active D2D transmitters is increased the number of covered receivers (UEs) decreases due to higher interference.
· Coordinated TDM approach shows the best performance.

7 Conclusions

In this contribution, we provided system level analysis of VoIP peer-to-peer communication in different public safety scenarios. We analyzed different resource selection schemes and amount of spectrum resource used per one VoIP packet transmission. Based on the analysis presented in this paper we notice that TDM coordination has superior performance comparing to other studied resource selection schemes. Therefore we conclude that assistance in resource selection provides improved performance.
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Appendix A – System Level Evaluation 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 [6]
1) Uniform drop (100% outdoor),

2) Hotspot drop (100% outdoor),

3) Indoor-Outdoor mix drop (2 indoor hotspot buildings per sector, 80% indoor, 20% 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 [6]

	Fast fading model
	According to [6]

	UE antenna configuration
	1 TX, 2 RX

	UE number
	{3,9} transmitters and 29 receivers per cell

	In-band emission model
	Modeled according to the modified mask from TS 36.101 with {3,6,3,3} specific offsets [8]

	Traffic model
	VoIP traffic with header compression (328 bit payload) according to [7]


Appendix B – Comparison of Random vs. Greedy Frequency Resource Selection Methods
This appendix provides comparison of two different frequency channel selection schemes for 3 TX UE per sector and different Public Safety deployment scenarios.
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	Uniform (100% Outdoors)
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	Indoor-Outdoor Mix (80% Indoor, 20% Outdoor)
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	Figure 8. Comparison of Greedy vs. Random FDM in out of network coverage PS scenarios (3 TX per sector)
 a) CDF of the number of covered UEs (RXs) by VoIP transmission; b) CDF of the number of received VoIP streams/sessions.
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