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1. Introduction

This contribution addressed the D2D scenario when both UEs potentially communicating via D2D are in full coverage of the network and are connected to the same eNB (in [1] labelled as scenario 1C).

This section defines new D2D discovery selection metric for UEs with enabled D2D communication feature. According to [2], the UEs can create D2D pair if RSRP (Reference Signal Received Power) among the potential users in D2D communication would be higher than -112dBm during D2D discovery process. Hence, the D2D pair is created with no respect to other possible communication way, which is via the eNB. Nevertheless, in some cases the two hops path through eNB may be more efficient when compared to direct path. Thus, decision done based solely on the channel quality between D2D pair does not have to be always the optimal solution. In this regard, we propose new D2D selection metric, which decides whether to create D2D pair or whether communication via eNB (i.e., two hop communications) is more preferable with respect to overall system capacity. 
2. Proposed D2D selection metric
The selection metric calculates exact amount of radio resources, measured in number of RBs (NRB) necessary to transmit certain amount of data in D2D mode (NRBdirect) and the amount of resources needed for data transmission via the eNB, i.e., the amount of RBs necessary to transmit data form the transmitting UE (denoted as UE1) to the eNB (NRB1hop) and the amount of RBs spent for transmission of data from the eNB to the receiving UE (denoted as UE2). The NRB between the station x and the station y necessary to be allocated for data transmission is determined as:
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where ceil(.) means rounding to the closest upper integer, D corresponds to the amount of data transmitted between the station x and the station y, nREpRB stands for the amount of REs per PRB, and Γ represents the transmission efficiency determined according to modulation and coding scheme (MCS). The eNB selects the path with respect to the following:
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Using the proposed metric, the common communication through eNB is preferred if D2D pair is close to the eNB while D2D UEs are far away from themselves and RSPR is close to allowed value. Otherwise, the direct D2D is used. The merit of the proposed selection metric is illustrated in Figure 1. In case that the UEs are far from the eNB, the data is sent directly from UE1 to UE2 since according to both, conventional (Figure 1a) and proposed (Figure 1b) selection metric, as it is more beneficial to communicate directly. On the other hand, if the UEs are sufficiently close to the eNB, two hop communications can provide higher system performance since the amount of RBs can be lower than in case of the direct communication (see bottom part of Figure 1; i.e., Figure 1c and Figure 1d for the conventional and proposed approach, respectively).   
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Figure 1. Comparison of the conventional and proposed approaches for decision of D2D communication
3. Simulations

Simulations are done for two different scenarios. The first scenario represents the case where all UEs in the system are trying to communicate via D2D communication. As specified in [2] the number of UEs associated for D2D communication is equal to 36 resulting in 18 D2D pairs. The second considered scenario represents a case where additional conventional UEs are active at the same time (25 UEs is considered in the simulation). The purpose of the second scenario is to show the impact of the conventional UEs on D2D communication. Note that Figure 2 and Figure 3 illustrate the results only for D2D pairs, not conventional UEs, since the purpose here is to compare performance of D2D users for both considered selection metric. 
Figure 2 shows the simulation results for the case where all active UEs are associated for D2D communication (first scenario). It is obvious that D2D communication has not been used all the time and conventional cellular transmission via eNB has been utilized (this is valid for both 3GPP selection metric and our proposal). If D2D users are not able to connect directly and common communication through eNB takes place, the proposal requires only marginally less amount of RBs to be allocated. Nonetheless, in the case when D2D pairs can transmit their data directly, the proposal significantly outperforms 3GPP selection metric since only roughly 20.35 RBs are needed by the proposal instead of 42.70 RBs by the 3GPP approach. This shows that in case of the 3GPP metric, the signal quality between the D2D pair is not always the optimal one as a high amount of RBs has to be used to guarantee data transmission among them.
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Figure 2 Average number of RBs allocated for transmission in scenario where all active UEs are exploiting D2D communication

The numerical results for Figure 2 are summarized in Table 1. It is demonstrated that if data between two UEs has to be transmitted via the eNB (two hop communications), the gain of our proposal is only approximately 2.5%. Nonetheless, in case of the direct communication the gain observed by the proposed NRB metric over 3GPP metric is 52.3%. Table 1 also shows that approximately the same resources have to be used in case of the 3GPP metric for the communication disregarding whether D2D users communicate directly or not (45.57 RBs for two hop communication and 42.7 RBs for direct communication). Consequently, the use of 3GPP selection metric is not very efficient. 
Table 1. Numerical results for scenario where all active UEs are exploiting D2D communication
	Simulation layout
	Average number of RBs allocated for transmission, averaged for five independent drops of UEs
	

	
	Proposed NRB 

selection metric
	3GPP metric (RSRP >= -112)
	Gain by the proposed approach [%]

	Cellular: UL
	32.99
	33.95
	2.8

	Cellular: DL
	11.37
	11.62
	2.2

	Cellular: DL + UL
	44.36
	45.57
	2.5

	D2D
	20.35
	42.70
	52.3


Figure 3 shows the simulation results for a mix of D2D and common cellular communication representing the second simulation scenario. Similarly as in previous case, the amount of RBs required for data transmission is, in general, lower if the proposed NRB metric is utilized. Especially in case of the two hop communications, the gain of our proposal over the 3GPP metric is more significant than in the previous scenario. On the other hand, the gain solely for direct communication is lowered with respect to the first scenario; however, it is still significant (37.72 RBs are used in our proposal while 57.29 RBs is necessary to be used in case of the 3GPP metric).
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Figure 3. Average number of RBs allocated for transmission in scenario where the traffic is generated by UEs exploiting D2D communication as well as common cellular communication

The numerical results for the second scenario are summarized in Table 2. It is obvious that the proposed NRB metric outperforms the metric according to 3GPP in both cases. While the gain of two hop communication is only 2.5% in the first scenario, the gain is 33.7% in the second scenario. On the other hand, the gain of direct D2D communication is decreased from 52.3% to 34.2%.

Table 2 Numerical results for scenario where the traffic is generated by UEs exploiting D2D communication as well as common cellular communication
	Simulation layout
	Average number of RBs allocated for transmission, averaged for five independent drops of UEs
	

	
	Proposed NRB 

selection metric
	3GPP metric (RSRP >= -112)
	Gain by the proposed approach [%]

	Cellular: UL
	20.89
	27.71
	42.9

	Cellular: DL
	13.57
	23.75
	24.6

	Cellular: DL + UL
	34.46
	51.46
	33.7

	D2D
	37.72
	57.29
	34.2


4. Conclusions
The proposed decision metric is based on comparison of the amount of the RBs required to transmit data via D2D link and sum of the resource blocks required to transmit via cellular infrastructure (i.e. sum of resource blocks in UL and DL). The new decision metric spares available system RBs, because data are transmitted over a radio environment just once by using the direct D2D link while data are transmitted twice (firstly in UL from UE1 to eNB and secondly from eNB to UE2) by using transmission through eNB. This approach is beneficial when the UEs are in a greater distance from eNB. Contrary; the proposed approach becomes less efficient if the UEs are sufficiently close to the eNB. In this case two hop communications can provide higher system performance since the amount of RBs can be lower than in case of direct communication.
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Annex A:

Simulation parameters

Simulation parameters of D2D communications as underlay of LTE-A were taken from 3GPP Technical Report [1]. This document was accepted by 3GPP and defines scope of D2D study item.

Simulation of D2D communication was performed for “In Coverage-Single-Cell” scenario denoted in [1] as 1C. Layout option, denoted in [1] as Option 1: Urban macro (500 ISD) + 1 RRH/Indoor Hotzone per cell, was used. This option is in [1] considered as mandatory for General Scenarios. Detailed simulation parameters are described below in Table 3.
Table 3. Setting of simulation parameters

	
	GENERAL SCENARIOS

	D2D Scenario
	In Coverage-Single-Cell (1C)

	Simulation Option
	Option 1: Urban macro (500 ISD) + RRH/Indoor Hotzone per cell

	eNodeB
	Single eNodeB with 3 Sectors

	Sytem Bandwidth
	10 MHz Uplink and Downlink (FDD)

	Carrier Frequency
	2 GHz

	UE RF parameters
	Max transmit power of  23 dBm, Antenna gain 0 dBi, Noise figure 9 dB

	eNodeB RF parameters
	46 dBm
As specified in 3GPP Case 1 [TR 36.814]

	Total number of UEs per one sector in macro cell
	150

	Total number of UEs participating in D2D communication
	36

	Total number of UEs participating in non-D2D communication
	25

	Number of UEs participating in a D2D communication session
	Unicast : 2

	UE drop for all UEs
	· 2/3 UEs randomly and uniformly dropped within the clusters of small cell(s).

· Remaining 1/3 UEs randomly and uniformly dropped throughout the macro geographical area.

· 20% of UEs are outdoor, and 80% of UEs are indoor (to ensure 80% indoor UEs, UEs that are not dropped inside a building were declared as virtual indoor UEs).

	UE association for unicast D2D communication
	Randomly among all UEs

	UE association for common macro cell communication
	Randomly among all remaining UEs (not associated for D2D communication)

	Minimum distance between eNodeB and building center
	100 m

	Minimum distance between UE and eNodeB
	>= 3m

	Minimum distance between UE and RRH/Indoor Hotzone
	>= 3m

	Channel models
	As specified in 3GPP [TR 36.843] section A.2.1.2

	Traffic model
	FTP2 as specified in [TR 36.814]

	Decision metrics for association of D2D communication
	· As specified in 3GPP [TR 36.814]  (RSRP >= -112dBm)

· Our proposed decision metric based on number of required RBs to select D2D or conventional communication. 

	Simulation step for resource allocation
	1 ms


Simulation layout with one macro eNB serving area separated into the three sectors, each with indoor hotspot environment involving one building and two sites, are shown in Figure 4, details are defined in [TR 36.814]. Simulation was performed for static UEs.
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Figure 4. Simulation layout with dropped UEs - Single macro eNodeB with 3 sectors (each with 150 UEs) and 3 RRH/Hotzones.
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