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1. Introduction
In the RAN plenary meeting #58, the SID for D2D proximity services was approved [1]. D2D proximity services are that devices communicate with other nearby devices directly. It is expected that proximity-based services would provide several helpful services including public safety. The first step of these proximity-based services is to evaluate the feasibility of the services. The following is the target scenarios to be investigated in this SI. In this contribution, we discuss some evaluation methodologies and possible channel models applying to potential scenarios.
Table 1: The objectives of D2D proximity services [1]
	
	Within network coverage
	Outside network coverage

	Discovery
	Non public safety & public safety requirements
	Public safety only

	Direct

Communication
	At least public safety requirements
	Public safety only


2. Discussions
2.1. Evaluation Methodology

Scenarios
In the SID for D2D proximity services, the objectives of the study in divided into two cases: within eNB coverage or not. Within eNB coverage, the eNB could give help D2D discovery, D2D communication scheduling, as well as synchronization by aligning D2D subframe boundary with cellular subframe boundary. On the contrary, if out of eNB coverage, UEs will be required to perform synchronization, discovery, and D2D communication without the eNB’s assistance. 
These two scenarios, consequently, may result in different D2D communication schemes and then show different performance. Therefore final evaluation should be preformed based on scenario-specific performance metrics and parameters. For example, we may need two evaluation scenarios which are within and out of eNB coverage. Further detail scenarios and cases should be also considered carefully. For instance, which type of cell deployments should be based or included, e.g. macro and pico or macro only or even further small cell environments, how many D2D UEs should be dropped in a single  or multiple cells, how to manage both D2D and macro links and so on. 

Channel Models

According to the above scenarios, we should consider indoor and outdoor channel models separately. Both of them are much discussed up to now in particular eNB -to-UE channels (pico-to-UE, femto-to-UE). In the LTE TDD_eIMTA SI, we have discussed and reached a conclusion of outdoor UE-to-UE channel models. Since we have done a lot of evaluation works and confirmed the model, one alternative for D2D channel models is to reuse those existing channel models with minor modification to reflecting D2D own properties. 

1) Indoor model

For an indoor model, we need to decide large scale fading, small scale fading, and shadowing. Reusing the Indoor Hotspot (InH) model in TR 36.814 [2] is a reasonable choice since the model has been verified through various evaluation results for similar deployment environment. One of modification points in TR36.814, however, is the antenna height where the height of the ceiling of base stations in the InH model is 3-6m. Hence it needs to be modified such as 1-2.5m height same as user equipment.
2) Outdoor model

In TR 36.828 (eIMTA) for eIMTA [3], the pathloss model for an outdoor model has been introduced for evaluation which consists of two parts of R ≤ 50m and R > 50m (Xia model). It’s a good starting point to discuss outdoor model. Typical Urban (TU) model for small-scale fading, and 12dB shadowing standard deviation and zero shadowing correlation between UEs as discussed in TR 36.828 could be a working assumption. Since especially the TU model is developed for non-MIMO evaluations, so if MIMO is supported in D2D, it may need proper modifications. 
Other Considerations

We need to consider how to implement the D2D circuit in terms of duplexing D2D links with eNB-UE links because different duplex models can lead to different performance results as will be elaborated later. To be specific, two different duplex models can be considered as shown in Figure 1. It is assumed in Fig. 1 that D2D capable devices are operating in FDD mode and D2D communication is on uplink resources (spectrum). Alternative #A is called a half-duplex model in terms of RX module operation, which has only one RX circuit time-shared by D2D and eNB communication. Macro DL center frequency and D2D RX center frequency should be able to dynamically be changed between D2D and eNB reception depending on subframe type. Due to switching in time-division manner, this device cannot receive signals from an eNB and nearby D2D devices simultaneously. Alternative #B can be seen as a full-duplex model compared to Alt. #A, which can receive both eNB and D2D signals simultaneously by using two different RX circuits. These different implementations result in different designs for optimized D2D operation and leads to different levels of power consumption. In that sense, power consumption could be an metric for evaluation.
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Figure 1 Structures of half-duplex and full-duplex modes
Proposal#1: It is important to reflect D2D specific channel environments for evaluation. One of candidates can be LTE TDD_eIMTA channel model with minor modifications
2.2. Performance Metrics
Now we discuss new evaluation metrics coming from D2D characteristics.

1) Power consumption
Power consumption caused by D2D operation is one of important metrics of D2D evaluations. Also it is closely linked to the duplex modes as mentioned above. Especially, instead of overall power consumption, this metric should focus on the incremental power consumption due to D2D operation. Considering Alt. #A, since it has a single reception module in the device, it’s hard to get to sleep mode even though the UE disables D2D operation. However, considering Alt. #B, since it has two RX modules in the device, it can turn off the D2D reception module when D2D link is inactive. However Alt. #B is required to implement additional hardware. Considering those facts, power consumption and hardware complexity should be taken into account as one of D2D evaluation metrics.
2) eNB-UE links
D2D UE still needs to communicate with eNB while D2D communication. That is, D2D UE needs to maintain both UE-UE link and eNB-UE link simultaneously. If so, D2D communication may have impact on eNB-UE communication, e.g. HARQ process. Therefore this impact on eNB-UE link should be an basic metric for D2D evaluation. 
3) Discovery time.
Discovery metrics that determine D2D initiation are also important criterions for D2D operation. A D2D UE transmits (receives) discovery signal to (from) other D2D UEs. If it takes long time to connect link between D2D UEs, or if it fails to connect UEs, it would be a serious problem especially in case of public safety. 
In more detail, for example of other D2D system, Wi-Fi Direct suffers from huge discovery delay due to discovery signal collisions because as the number of UEs increases, discovery time exponentially increases. This phenomenon may be a critical issue in public safety use case. In that case, D2D discovery operation at least for public safety use may be always guaranteed to a certain number of UEs or include special treatment for guaranteeing emergency link setup. 
4) Other conventional metrics

Other conventional metrics such as throughput, latency, maximum number of UEs, resource efficiency should be also considered as basic evaluation metrics.
Proposal#2: In addition to conventional metrics, D2D specific metrics such as increasing power consumption due to D2D, eNB-UE scheduling impact, discovery time, emergency link setup, are considered as evaluation metric.
3. Conclusion
In this contribution, we discuss evaluation methodology and performance metrics. We prefer reusing legacy evaluation models and metrics; however some modifications are considerable, if necessary.
Proposal#1: It is important to reflect D2D specific channel environments for evaluation. One of candidates could be LTE TDD_eIMTA channel model with minor modifications

Proposal#2: In addition to conventional metrics, D2D specific metrics such as increasing power consumption, eNB-UE scheduling impact and discovery time, are considered as evaluation metric.
______________________________________________________________________
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A. Appendix: Channel model parameters

A.1. Indoor model

Table 2 Large scale fading for Indoor Hotspot in TR 36.814
	Scenario
	Path loss [dB]

fc is GHz, distance in meters
	Applicability range, antenna height default values

	Indoor Hotspot (InH) 
	LOS
	PL = 16.9log10(d) + 32.8 + 20log10(fc)
	3 m < d < 100 m

hBS =3-6 m

hUT =1-2.5 m

	
	NLOS
	PL = 43.3log10(d) + 11.5 + 20log10(fc)
	10 m < d < 150 m

hBS = 3-6 m

hUT = 1-2.5 m


Table 3 Small scale fading and shadowing for Indoor Hotspot in TR 36.814
	Scenarios
	InH

	
	LOS
	NLOS

	Delay spread (DS)
log10([s])
	-7.70
	-7.41

	
	0.18
	0.14

	AoD spread (ASD) log10([(])
	1.60
	1.62

	
	0.18
	0.25

	AoA spread (ASA) log10([(])
	1.62
	1.77

	
	0.22
	0.16

	Shadow fading (SF) [dB]
	3
	4


A.2. Outdoor model
Table 4 Pathloss model and shadowing
	Outdoor UE-outdoor UE
	If R<=50m;PL=98.45+20*log10(R),R in km

If R>50m;PL=40log(R)+175.78 R in km (Xia model)

	Shadowing standard deviation between UE and UE
	12dB

	Shadowing correlation between UEs
	0


Table 5 The Typical Urban (TU) channel model in TR 25.943
	Tap number
	Relative time ((s)
	Average relative power (dB)
	Doppler spectrum

	1
	0
	-5.7
	Class

	2
	0.217
	-7.6
	Class

	3
	0.512
	-10.1
	Class

	4
	0.514
	-10.2
	Class

	5
	0.517
	-10.2
	Class

	6
	0.674
	-11.5
	Class

	7
	0.882
	-13.4
	Class

	8
	1.230
	-16.3
	Class

	9
	1.287
	-16.9
	Class

	10
	1.311
	-17.1
	Class

	11
	1.349
	-17.4
	Class

	12
	1.533
	-19.0
	Class

	13
	1.535
	-19.0
	Class

	14
	1.622
	-19.8
	Class

	15
	1.818
	-21.5
	Class

	16
	1.836
	-21.6
	Class

	17
	1.884
	-22.1
	Class

	18
	1.943
	-22.6
	Class

	19
	2.048
	-23.5
	Class

	20
	2.140
	-24.3
	Class
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