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1 Introduction

At the RAN#60 plenary meeting [1], the broadcast, groupcast and relay D2D communication modes were prioritized:

· Focus on broadcast D2D communication for the public safety use case, on the understanding that basic groupcast and relay functionality (for network-UE relay case) is supported by broadcast D2D communication
· If possible, consider optimizations to enhance efficiency of the relay operation.

Note that impact to existing operator services and resources is included in the evaluations. 
The parameters agreed by RAN1 WG for broadcast and group communication system level evaluation as well as performance metrics were captured in [2]-[3] and further clarified during offline discussion at the RAN1 e-mail reflector [4]

 REF _Ref363387733 \n \h 
[5]. It should be noted that at the moment, the simulation assumptions for D2D system level evaluations are distributed among multiple contribution documents, way forwards and RAN1 e-mail reflector discussions, that may cause different understanding of the agreed simulation parameters and thus it can be recommended to conduct calibration campaign to align agreed scenarios and check large scale propagation characteristics.
In this contribution, we provide initial system level analysis and draw observations on D2D groupcast communication in the prioritized public safety specific layouts.
2 System Level Analysis of D2D Group Communication Scenarios
Analysis of group communication assumes, random dropping of multiple communication groups, each consisting from the nine receivers (RX) and one transmitter (TX). In total, the 171 groups are dropped over geographical area of the two tier Macro network deployment with the inter-site distance equal to 1732m (public safety specific scenario). According to the agreed by RAN1 WG evaluation methodology, for every randomly assigned TX, the RX is randomly selected from the whole deployment and joins the group if its RX power exceeds -112dBm threshold. Two user drops procedures are considered: uniform and hotspot for mandatory public safety specific layout Option 5 assuming outdoor only as well as 80% indoor and 20% outdoor user distributions. 
The system level analysis provided in this contribution is divided into three phases:

· SNR analysis. In this phase, we analyze distribution of the SNR within groups, sorting group receivers in descending order of the received power from the group transmitter node. We also analyze the feasibility and potential performance of the relaying. In some senses, this analysis can be considered as an upper bound performance when only single group transmitter is active among all groups. 
· SINR analysis. The SINR phase assumes that groups operate simultaneously and interference environment in the PS specific scenarios is analyzed. In addition, we analyze coupling between transmitters that belong to different groups and discuss potential interference management solutions.
· Throughput analysis. Finally, we analyze average group throughput and number of receivers that have successfully received 90% of the offered traffic for different frequency reuse factors and offered data rates. 
2.1 SNR Analysis (Standalone Group)
The SNR distribution among users in D2D groups is shown in Figure 1, assuming 1 PRB allocation and maximum TX power of 23 dBm. The SNR analysis is done assuming that receivers of each group are sorted in the descending order of the RX power from the associated TX node.
	[image: image1.emf]0 10 20 30 40 50 60 70 80 90 100

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Ordered SNR distribution. Ordering is done by UE Rx power

SNR, dB

CDF


	[image: image2.emf]0 10 20 30 40 50 60 70 80 90 100

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Ordered SNR distribution. Ordering is done by UE Rx power

SNR, dB

CDF



	a) Uniform drop (all UEs are outdoor)
	b) Hotspot drop (all UEs are outdoor)
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	c) Indoor-outdoor UE Mix (80% Indoor, 20% Outdoor)
	d) Hotspot drop (80% Indoor, 20% Outdoor)

	Figure 1: The CDF of the SNR. UEs are ordered in descending RX power order (1 PRB, 23 dBm).


As it can be seen from the presented above results, the minimum SNR value is equal to 0 dB which corresponds to the received power equal to -112 dBm (TX power 23dBm, 1 PRB allocation). In general, we can see that groupcast communication in agreed by RAN1 WG deployment scenarios is SNR limited, especially if wideband allocations are considered. Therefore we draw the following observations:
Observation 1

· In majority of the considered scenarios, each communication group with high probability has at least 3-4 UEs, with low SNR (i.e. SNR < 10dB, assuming max TX power 23dBm and 1 PRB allocation).
· The high data rate (wideband) group communication is SNR limited. The increase of the transmission bandwidth will not give noticeable growth in terms of group throughput.
· Only low data rate (narrow) bandwidth transmissions can reach all UEs within a group, when the max TX power is allocated and single transmission is used.
On the existence of the single relay node for SNR limited UEs
In order to increase the groupcast transmission range and avoid SNR limitation of the data rate within a group, the peer-to-peer relaying techniques can be potentially applied. For analysis of the feasibility and potential advantages of the peer-to-peer relaying within the group, the system level probability of standalone UEs within the group has been conducted. For analysis we have used the following definition of the standalone UE: the user is called standalone if there is no any other UEs within the group relaying from which will results in higher capacity than capacity of the direct transmission from the group transmitter to the standalone terminal. In other words, if capacity of any one hop relay path in the group is below the capacity of the direct path, the UE (receiver) is declared as standalone. The following equation (condition) was used to determine the standalone UE:
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For statistical analysis, the only UEs with low received power distributed in the range from -112dBm to -102dBm were analyzed, since those UEs limit the maximum data rate that can be achieved within the group. Figure 2 shows the probability distribution function over D2D groups where amount of standalone UEs (receivers) is considered as a random variable.
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	Figure 2. Statistics of the number of standalone UEs within D2D groups in different user drop scenarios.


Based on the system level simulation results, presented in Figure 2 it can be concluded that there is a rather high probability that low SNR UEs do not have any other UEs within the group that can help to relay the traffic, i.e. the throughput over peer-to-peer relay link is higher than over the direct link.

Observation 2
· In considered out of coverage scenarios, there is a high probability of having standalone UEs in the group. In particular, depending on scenario the group has at least one standalone UE with probability higher than 90% (except hotspot drop with 80% indoor and 20% outdoor UEs)
· from 8% to 28% of groups have one standalone UE; 

· from 14% to 24% of groups have two standalone UEs;
· from 8% to 24% of groups have three standalone UEs;
· from 5% to 20% of groups have four standalone UEs.
· One hop peer-to-peer relaying does not resolve the problem of the standalone receivers.

· The group transmitter has the maximum number of connections and can be considered as a good candidate for group ownership (Peer Radio Head see [6]).
· Groupcast communication requires full power transmission in narrow band allocations in order to reach large number of UEs over single hop.

· Only low data rate communication can reach all UEs within the group, high data rate transmissions may be received only by limited number of users within the limited set of groups.
2.2 SINR analysis (Multiple Groups)
In this sub-section, we analyze interference environment by measuring SINR value at the receivers assuming that all groups transmit simultaneously and occupy the same spectrum resources. The statistic for UEs having maximum and minimum SNR in the group is collected separately.
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	Figure 3. SINR distribution for UE with min and max SNR in group


As it can be seen from the presented results the simultaneous operation of multiple groups causes very large degradation of the SINR, even for UEs that have the best SNR in the group.
Observation 3

· Simultaneous operation of the multiple groups (transmitters) significantly degrades interference environment and leads to the outage SINR ratios.
· Transmission on orthogonal resources is needed to avoid strong interference from multiple PS groups.
The resource orthogonalization in out of network coverage scenarios needs to be achieved in a distributed way. In general to analyze required reuse factor the coupling between transmitters needs to be analyzed. The amount of coupled transmitters may be used as a rough estimate of the required range. The transmitters experiencing strong coupling should transmit on orthogonal resources in order to avoid impact on the receivers operating in the neighboring group. The transmitters which are not coupled may reuse spectrum resources due to spatial isolation. In addition, in case of groupcast communication the additional feedback from the receivers can be used to adapt the time-frequency resources utilized by given communication group.
2.3 Coupling of Group Transmitters

In order to significantly reduce SINR degradation caused by mutual interference from multiple transmitters, the transmitters that occupy the same spectrum resources should be located at the distances exceeding the double transmission range (i.e. the areas of the transmission range should not overlap with each other). The pathgain equal to -135dB corresponds to 23dBm transmission power and 0dB SNR when allocation bandwidth is equal to 1 PRB (180 kHz). Therefore for pathloss decaying factor equal to 3 and 4 respectively the group transmitters should be separated by -144 and -147dB. Figure 4 shows the CDF of the amount of coupled group transmitters for different TX-TX pathgain ranges from given transmitter each other -125, -135 and -145dB.
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	Figure 4. Number of coupled transmitters of different groups


Assuming that -145dB pathgain can be considered as a weak coupling between group transmitters we draw the following observations:
Observation 4

· Significant coupling between group transmitters is observed.
· Amount of coupled transmitters depends on scenario

· In scenarios with 80% of indoor UEs, the 75% of groups have less than 5 coupled transmitters. 

· In scenarios with outdoor UEs only, the amount of coupled transmitters is very large 20-30 coupled transmitter if the 10th and 90th percentile of the CDF curve is considered.
The presented analysis clearly shows, that relatively high resource reuse factor should be applied in order to reduce the performance loss due to interference from simultaneous transmissions of multiple groups. Depending on the amount of transmitters within the transmission range of the given TX, the different resource reuse factors can be used for given data rate. From system level perspective the adaptive fractional frequency and/or time reuse techniques (FDM /TDM) should be used to maximize the system level performance. For instance, the isolated transmitters may consume more bandwidth while the coupled transmitters should share available bandwidth between each other.
2.4 Interference Management Solutions

The interference management solutions for broadcast and groupcast operation can be based on orthogonalization of the spectrum resources, occupied by coupled transmitters. In case of groupcast and broadcast communication, there are multiple receivers associated to the particular transmission point and distributed over wide geographical area. The target receivers within the given transmission range are likely to have different channel propagation conditions and thus may not be able to receive the given data rate. In addition, for the case of multiple groupcast and broadcast communication sessions the receivers may be located within overlapped coverage areas (of neighboring transmitters) and thus experience significant interference. In such situation, the simple solution is to use orthogonal spectrum resources at the transmitter sides, which means that only distant transmitters should select the orthogonal resources. In practical ad-hoc networks, the resource orthogonalization can be done by assigning different part of spectrum resources to different distant transmitters. For instance, if PRH based ad-hoc networking is considered and assuming that PRH serves as a transmission point the PRHs can selects different channels for operation. 
3 Throughput analysis
The interference environment analysis and SINR statistic provided in the previous section has shown that orthogonalization of spectrum resources is needed in order to avoid mutual interference among simultaneously active transmitters. In this subsection we further study different scenarios assuming single transmission within the group and analyze different reuse factors. To simplify analysis we assume that all groupcast transmitters have the fixed offered data rate. We assume that different bandwidths are used for groupcast transmission. In particular the following reuse factors are evaluated 48(1 PRB), 24(2 PRBs), 16(3 PRBs), 12(4 PRBs), 8(6 PRBs), 6(8 PRBs), 3(16 PRBs), 2(24 PRBs), 1(48 PRBs). As a performance metrics we plot average amount of users that can receive the given data rate with the PER <= 0.1 and group average throughput which is defined as the sum throughput of all users within the group averaged among multiple groups. The results for different PS specific scenarios are shown in the next set of figures for different resource assignment strategies and reuse factors. For resource assignments we compare three approaches. The first one is when we assume standalone operation of the groups without any interference from the other groups. These results can be considered as an upper bound. The next approach is when resource (frequency) allocation is randomly selected among available frequency partitions for given reuse factor. The last approach assumes greedy selection of the frequency channel having minimum received power. The system level evaluation results are shown in the next set of figures.
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	Uniform drop (80% indoor, 20% outdoor)
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	Hotspot Drop (100% outdoor UEs)
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	Hotspot drop (80% indoors and 20% outdoors)
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	Figure 5: Group average throughput and average number of receivers successfully received for different reuse factors and offered data rates


Based on the simulation results presented in Figure 5 for different user drop and deployment layout options we have following observations:
Observation 5

· On user drop and layout options:

· All groupcast communication scenarios are noise limited so that group communication is mainly restricted to low data rates (e.g. VoIP data rates).

· Uniform user drop in scenario with 80% of indoor and 20% of outdoor UEs is mainly noise limited.
· Uniform user drop in scenario 100% of outdoor UEs is additionally limited by interference due to better propagation conditions between UEs.

· Hotspot user drop in scenario with 80% of indoor and 20% of outdoor UEs and 100% of UEs are mainly interference limited.
· On resource reuse factor:
· Depending on the offered data rate the optimal reuse factor can be found.
· Greedy algorithm significantly outperforms random assignment and provides substantially improved performance in interference limited scenarios.

· For low data rates, in interference limited scenarios, the performance of greedy based resource orthogonalization approaches the upper bound i.e. when no inter-group interference exists.

· For low data rates, the TTI bundling based mechanism may further improve performance however the effect of in-band emission should be carefully analyzed.

4 Conclusions

In this contribution, the initial analysis of the groupcast communication in public safety specific scenarios is provided. The system level studies have shown that groupcast communication in PS out of network coverage scenarios is limited by both the background noise as well as by interference from multiple PS groups that may operate simultaneously. There is a high probability that receivers within the group are located far away from each other and that multiple transmitters have overlapping transmission regions. In order to resolve the groupcast interference issues, several techniques were analyzed. It was shown that solutions based on analysis of the transmitter coupling and orthogonal frequency/time reuse provide substantial performance improvements. Current system level analysis has been conducted assuming the fixed data rate at each groupcast transmitter and different frequency reuse factors. Further evaluation is needed to take into account adaptive frequency and/or time reuse techniques as well as effect of the in-band emission modeling on system performance.
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