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1 Introduction

At the RAN#58 meeting, the following proposal was agreed [1]:
· Define an evaluation methodology and channel models for LTE device-to-device proximity services, including scenarios to compare different technical options to realize proximal device discovery and communication, appropriate performance metrics, and performance targets (e.g. range, throughput, number of UEs supported). 
In this contribution, a set of scenarios and channel models are discussed for performance evaluation of D2D proximity services.
2 D2D Communication Scenarios
D2D techniques may be applicable in various scenarios. According to the use cases defined in [2], and the objectives of feasibility study in RAN defined in [1], both locally-routed and direct communications should be considered and will be discussed in this contribution. In order to clearly identify the scopes of this Rel-12 study, it is beneficial to consider the most essential scenarios, such as the following ones to be discussed.
2.1 Locally-routed Scenario
Case 1: As illustrated in Fig.1, D2D discovery is deployed between the proximity UEs (i.e. UE1 and UE2 in the figure) without enabling direct communication between them. Similar to the typical LTE network deployment scenarios, such a D2D scenario is applicable to both data and control-signaling communications.
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Fig. 1: Locally Routed Communication
2.2 Direct communication Scenarios

Case 2: It is also beneficial to support D2D communications with the aid of dedicated resources (e.g. public safety dedicated spectrum), which helps to mitigate the cross-layer interference issue. Further, this would be very useful in the scenario where the macro network is not available due to for example public safety reserved spectrum or insufficient coverage.
Case 3: D2D UEs share the same frequency/time resources with the overlaid LTE network. As shown in Fig. 2, the proximity UEs with direct communication functionality enabled may work as a transmitter in downlink or as a receiver in uplink for companion proximity UE(s). Apparently, the direct communication between proximity UEs will result in not only cross-layer but also cross-link interferences, as exemplified in Fig. 2. In this case, appropriate resource coordination and scheduling techniques are needed for ensure effective interference coordination.
This scenario is applicable to D2D UE discovery and data communications. Usually, for security reasons, it is preferred to have control signalling conveyed through the eNBs. However, as far as public safety is concerned, it is reasonable to support control-signalling via the direct link between proximity UEs.
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Fig. 2: Proximity UE Discovery and Direct communication (resource sharing)
For the purpose of data communication, Case 1 and Case 3 may be adaptively applied based on various factors, such as the network load and/or interference levels, etc. The potential benefits offered by mode adaptation need further studies.
Furthermore, a potential D2D scenario is D2D equipments could be deployed on the vehicle, for example, the direct communication in the high speed train, or a mobile relay with locally-routed D2D is equipped. However, this scenario is also a special case of Case 1 or Case 3.
Therefore, we suggest that:
Proposal 1: At least the following scenarios should be evaluated in RAN1 for D2D communications under overlaid LTE networks: 1). Locally-routed communication; 2). Direct communication with dedicated resources; and 3). Direct communication with resources sharing between D2D network and the overlaid LTE network. 
3 D2D Channel Models and Deployment
D2D is an additional feature established on the top of LTE network. Thus, a straightforward idea would be to reuse selective channel models defined in [3] as baseline for D2D evaluations. Nonetheless, note that D2D communications can take place in a very short range, e.g. less than a few meters, especially in the indoor hotspot scenario, while the assumption of minimum distance defined for existing LTE communications in [3] is 3 meters. Therefore, it is necessary to define new channel model(s) that is tailored for D2D, especially for close proximity communication.
For the direct communication scenarios where those UEs are communicated under the eNB coverage (e.g. case 1 and case 3 defined in previous section), both the channel models from eNB-UE and UE-UE shall be considered. Some characteristics in our view are discussed below:
1. Channel models between D2D UEs needs to be defined. Some of them, including pathloss models can be reused from that discussed during the study of eIMTA SI [5], since there are some common characteristics for both eIMTA and D2D scenarios, e.g., cross-interference. 
2. In the case of direct communication, power control shall be introduced between UEs due to far-near effect; and power control is important for energy saving as well. The details of power control also need be studied.
3. D2D is a beyond-Rel-11 feature, all transmission schemes defined in Rel-11 are suitable as the candidate transmission schemes. For evaluation, TM10 can be used as baseline, because of the better D2D interference estimation supported by IMR.
4. Full buffer should be the baseline of traffic model. According to the uses cases described in [2], D2D traffic is most likely bursty traffic in time domain. FTP model is one of the most important time domain bursty traffic models and it is suitable for the D2D evaluation as well. However, from the aspect of RAN1, the first priority is to identify the open issues, such as discovery, upper bound of interference introduced by D2D communications, .etc. Bursty traffic is not simple enough to address those issues, therefore, it is recommended full buffer as the start point. 
As a conclusion, one of the possible system-level simulation parameters is listed in the Appendix. 
Proposal 2: Channel models defined in 36.814 and 36.828 can be considered as the baseline for D2D evaluation.

Proposal 3: Channel models for very short ranges shall be defined for D2D evaluation.
Proposal 4:  System level simulation assumption listed in the appendix should be considered.
4 Interaction with Small Cells
Some of the identified D2D scenarios, for example Case 1 and Case 3 defined before, take place typically in the indoor environment. Indoor deployment is also one of the typical scenarios in small cell networks. Thus the impacts to existing services should be evaluated. In the extreme case where, the power from small cell is dominant, severe interference from small cells may be imposed upon D2D discovery and communications. Therefore, the impact from small cells on D2D proximity services, and vice versa, should be carefully studied taking into account the variable interference environments.
Moreover, in some of the specific scenarios (e.g. “Locally-routed” scenario with D2D enabled); D2D may be one of the candidate features for network offloading, especially for the small cell of which the backhaul is far from ideal.
Proposal 5: Evaluation in macro cell deployment is the baseline, and evaluation on the interaction between small cell and D2D scenarios can be considered. 
5 Performance Metrics

From the view of RAN, there are several purposes to enable D2D proximity services, including network offloading, high spectrum efficiency, and public safety, etc. As D2D communication has close interaction with the macro LTE network (e.g. from interference perspective), the evaluation metrics defined in TR36.814 [3] may be reused as the baseline for evaluating the potential impact to existing LTE networks.
On top of that, it is still necessary to define some specific metrics for D2D:

· For D2D discovery, different methods may vary in terms of detection success rates, false alarm rates, power consumption, etc. Thus, it is necessary to examine these metrics in detail. For instance, the detection success rates may be defined as the possibility to discover neighbor proximity UEs at given SNR levels. The Tx power level is one of the essential metrics for power assumption, which can be evaluated by required energy per bit in UE Tx module. Further, the cost on receiver implementation shall be evaluated too. For example, the minimum time interval for a receiver to detect the D2D discovery signals should be evaluated.
· For D2D data communication, both the throughput of the network and the throughput of the D2D UE pairs shall be evaluated independently. In general, the traffic models and the performance metrics defined in A.2.1.3 and A.2.1.4 of  [3] can be reused, Moreover, for the purpose of traffic offloading etc, some of useful metrics, e.g. area spectral efficiency (ASE), can be used for  the evaluation of spectrum efficiency as well as the interference conditions and channel quality.
Proposal 6: The evaluation models and metrics defined in TR 36.814 may be reused as the baseline for studying the impact from D2D devices on existing LTE networks; while the D2D discovery success rate/false alarm rate and power assumption shall be further evaluated.
6 Conclusion

In this contribution, we have discussed and recommend the scenarios and channel models to be considered for D2D communications. The following recommendations are made:
Proposal 1: At least the following scenarios should be evaluated in RAN1 for D2D communications under overlaid LTE networks: 1). Locally-routed communication; 2). Direct communication with dedicated resources; and 3). Direct communication with resources sharing between D2D network and the overlaid LTE network. 
Proposal 2: Channel models defined in 36.814 and 36.828 can be considered as the baseline for D2D evaluation.
Proposal 3: Channel models for very short ranges shall be defined for D2D evaluation.
Proposal 4:  System level simulation assumption listed in the appendix should be considered.
Proposal 5: Evaluation in macro cell deployment is the baseline, and evaluation on the interaction between small cell and D2D scenarios can be considered.
Proposal 6: The evaluation models and metrics defined in TR 36.814 may be reused as the baseline for studying the impact from D2D devices on existing LTE networks; while the D2D discovery success rate/false alarm rate and power assumption shall be further evaluated.
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Appendix: System Level Simulation Assumptions
	Parameters
	Values used for evaluation

	System bandwidth
	10MHz

	Deployment scenarios
	Baseline: 57 Macro cells
Small Cell Interaction: Heterogeneous network with low-power nodes within the macro-cell coverage

	eNB-UE Channel model
	ITU UMa for macro, UMi for low power node.

	
	3GPP channel model case 1

	UE-UE Channel model
	FFS (Need further study)

	Number of Tx at eNB
	4

	UE Power Class
	23 dBm

	UE Power control in direction communication scenarios
	FFS (Need further study)

	Number of antennas at UE
	2

	UE Antenna pattern
	2D, Omni-directional

	Pathloss Model between D2D UEs
	If R<=50m, PL=98.45+20*log10(R), R in km

If R>50m, PL=55.78 +40*log10(R), R in m (Xia model)

	Transmission schemes in DL
	TM10

	UE receiver
	MMSE receiver

	Channel estimation
	Ideal

	Traffic model
	Full Buffer; FTP (optional)
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