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1. Introduction
This contribution proposes the evaluation conditions and performance metrics assuming non-public-safety device-to-device (D2D) proximity service (ProSe) use cases. This contribution discusses the requirement to non-public-safety ProSe in terms of the required discovery distance and the maximum affordable discovery time. The evaluation conditions are proposed in order to assess whether the ProSe communication technique satisfies the requirement in the typical environment of non-public safety use cases or not.
2. Evaluation conditions and performance metrics
2.1.1. Evaluation conditions

 The proximity service technology consists of two functions: discovery function and communication function [1]. The communication function can be replaced by other-RATs at least for commercial services. Therefore, an essential requirement for ProSe commercial use cases in LTE network is to enable discovery function, inter-working function with other-RATs and control of D2D UEs by the network assistance (e.g. ON/OFF of D2D function). As RAN1 topics, we consider it is important to evaluate the performance of discovery function and device-to-device communication function under assumption of relative evaluation models. In Figure 1, an example of non-public safety use cases is depicted. We consider one of the examples for typical environment of non-public safety ProSe is an urban district with middle height buildings and a large number of pedestrians. If we assume use cases such as advertisement, the UEs in the buildings transmit ad data to the pedestrians outside the buildings. Therefore, we consider the evaluation of the indoor-to-outdoor propagation model is important. 
Proposal 1
Indoor to outdoor channel model should be taken into consideration for the non-public-safety ProSe communication.

As shown in Figure 1, it is possible that the UEs in buildings are in the upper floors in general environment. As an example, there is an urban commercial district of Japan, Ginza [2]. In such district, the difference of the antenna heights between transmitter UE and receiver UE should be assumed. In addition, the mobility of UE can be assumed to be moderate. Then, we consider the velocity of UEs in streets can be assumed to be 0 or 3km/h, and as for the UEs in buildings, stationary mobility can be assumed.
Proposal 2
The velocity of receiver UEs can be assumed to 0 or 3km/h, and that of indoor transmitter UEs can be assumed to 0 km/h.
In order to validate the discovery function, discoverable distance is one of the most important metrics to be confirmed. When advertisement service is assumed, ad data is needed to be transmitted to the UEs of pedestrians by the time the UEs pass through the front of the advertised store. Although the required discoverable distance depends on use cases, we consider that required discoverable distance is approximately 100m as a minimum requirement.
Proposal 3
Discoverable distance of approximately 100m is at least necessary for non-public-safety use cases.
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For both the discovery function and the communication function, it is possible for D2D communication to use radio resource for cellular communication. In such cases, impact of interference due to the usage of the radio resource by D2D data transmission should be considered. As for traffic model assumption, we consider full buffer traffic model is appropriate in order to evaluate the worst case of the throughput degradation due to the interference from D2D communication. In addition, in advertising use cases, most of the exchanged data can be classified into the text, pictures or video. Therefore, we consider FTP traffic model is also a candidate for the traffic model in order to evaluate performance in a realistic environment.
Proposal 4
Both full buffer and FTP traffic models should be adopted for the D2D evaluations.
UE distribution also has a significant impact on the amount of interference. Therefore, the effect of interference should be evaluated with respect to several patterns of UE distribution. We consider the candidate parameter for the numbers of D2D UEs and cellular UEs should be discussed for this purpose. Based on the above discussion, in Table 1, we show an example of a part of simulation conditions for the evaluation of discovery and communication function.
Proposal 5
Multiple values of ratio for the numbers of D2D UEs and cellular UEs should be evaluated.
In addition, the interference depends on the duplex scheme of the cellular system. In case of FDD systems, there are roughly two ways of sharing the radio resource with D2D communication: uplink sharing and downlink sharing. When the uplink resource of cellular systems is used for D2D communication, D2D communication and the cellular uplink communication are interfered with each other. On the other hand, when the downlink resource of cellular systems is used for D2D communication, D2D communication and the cellular downlink communication are interfered with each other. Thus, in case of FDD systems, interfered link can change according to the used channel for D2D communication. However, in case of TDD systems, since the same frequency band is used for both uplink transmission and downlink transmission, the interference from D2D data transmission can affect both the uplink channel and the downlink channel.
Proposal 6
The impact of interference from D2D communication depends on the duplex scheme: FDD and TDD. Therefore, both cases should be evaluated.
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2.1.2. Performance metrics for the discovery function
 In this subsection, possible performance metrics for the discovery function is discussed. In the discovery function, we consider discovery time focused on the UEs within the required discoverable distance is one of the most critical metrics since the discoverable distance should be guaranteed in commercial service. Therefore, we consider the discovery time within the required discoverable distance should be evaluated for discovery performance. When the advertisement use cases are assumed, the requirement for the discovery time is less strict than the one for real-time services. Then, we consider the requirement for the discovery time can be the value less than 10 seconds. In terms of the CDF, we consider the requirement of the delay of discovery as the following proposal.
Proposal 7 Discovery time within the required discoverable distance should be adopted as a performance metric for discovery function. As an example, 90% of UEs within the required discoverable distance should be discovered within 10 seconds. The exact values need more studies.

When D2D data transmission interferes with the uplink channel, the interference from D2D transmit UEs affects uplink channels at eNBs. Therefore, the distance between an eNB and a D2D UE affects the interference level. On the other hand, when the D2D data transmission interferes with the downlink channel, the interference from D2D transmit UEs affects downlink channels at UEs. Then the distance between a D2D UE and a cellular UE is the key parameter of the interference level. Therefore, we consider the above two distance parameters can be utilized for performance evaluation. For example, average user throughput of UEs which exists within the distance of x m toward an eNB would change according to the value of x. Such evaluation gives us some knowledge about deployment scenario of D2D communication.
Observation 1
The distance between eNB and D2D UE is one of the key parameters characterizing interference when the uplink resource of cellular system is used for D2D data transmission.
Observation 2
The distance between cellular UE and D2D UE is one of the key parameters characterizing interference when the downlink resource of cellular system is used for D2D data transmission.

The discovery signal can interfere with physical downlink/uplink channels at eNBs and UEs. Therefore, the impact of such interference on the downlink/uplink channels should be evaluated. More specifically, the effect of interference on the average throughput and the cell-edge user throughput regarding the interfered link channel of the cellular communication should be the candidate of the performance metrics. Obviously, the effect of interference has the trade-off relationship with the amount of radio resource for discovery function. Therefore, the performance metric should be evaluated with respect to possible candidates of the amount of radio resource for discovery.
Proposal 8
The impact on throughput degradation of cellular systems should be evaluated in discovery function. Both average throughput and cell-edge user throughput should be used as performance metrics.

2.1.3. Performance metrics for communication function

 For communication function, there is the same interference problem as for discovery function. Therefore, such impact of interference should be taken into account. In the case of discovery function, the throughput metric of the interfered link should be taken into consideration. In addition to that, in case of communication function, we consider it is also important to evaluate the throughput of the D2D links since the achievable throughput is important for the use cases in which UEs exchange a large amount of data among them. 
Proposal 9
The impact on throughput degradation of both cellular systems and D2D communication should be evaluated in communication function. Both average throughput and cell-edge user throughput should be used as performance metrics..
3. Conclusion
 We discussed the evaluation conditions and performance metrics for non-public-safety D2D ProSe. We make the following proposals and observations.
Proposal 1
Indoor to outdoor channel model should be taken into consideration for the non-public-safety ProSe communication.
Proposal 2
The velocity of receiver UEs can be assumed to 0 or 3km/h, and that of indoor transmitter UEs can be assumed to 0 km/h.
Proposal 3
Discoverable distance of approximately 100m is at least necessary for non-public-safety use cases.
Proposal 4
Both full buffer and FTP traffic models should be adopted for the D2D evaluations.
Proposal 5
Multiple values of ratio for the numbers of D2D UEs and cellular UEs should be evaluated.
Proposal 6
The impact of interference from D2D communication depends on the duplex scheme: FDD and TDD. Therefore, both cases should be evaluated.
Proposal 7 Discovery time within the required discoverable distance should be adopted as a performance metric for discovery function. As an example, 90% of UEs within the required discoverable distance should be discovered within 10 seconds. The exact values need more studies.
Observation 1
The distance between eNB and D2D UE is one of the key parameters characterizing interference when the uplink resource of cellular system is used for D2D data transmission.
Observation 2
The distance between cellular UE and D2D UE is one of the key parameters characterizing interference when the downlink resource of cellular system is used for D2D data transmission.
Proposal 8
The impact on throughput degradation of cellular systems should be evaluated in discovery function. Both average throughput and cell-edge user throughput should be used as performance metrics.
Proposal 9
The impact on throughput degradation of both cellular systems and D2D communication should be evaluated in communication function. Both average throughput and cell-edge user throughput should be used as performance metrics.
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Appendix: Definition of terminology
Cellular UE:
Cellular UE is the UE which has UL and DL traffic.

D2D UE:
D2D UE is the UE which has the D2D data traffic.
Discoverable:
UE1 is discoverable by UE2 when UE2 can detect UE1 within the required discovery time of x seconds.

Discoverable distance:
Discoverable distance between UE1 and UE2 is the distance in which both UE1 and UE2 are discoverable with each other.
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Figure � SEQ Figure \* ARABIC �1� An example of the discovery for advertising service





Table � SEQ Table \* ARABIC �1� An example of simulation conditions


UE distribution�
Cellular UEs: uniform distribution [30] UEs/cell�D2D UEs: uniform distribution [10] UEs/cell�
�
D2D UE antenna height [m]�
Outdoor UE: 1.5�Indoor UE: [4]*n+1.5, n=0, 1, ... [5]�
�
D2D UE velocity�
Indoor UE: 0km/h, �Outdoor UE: 3km/h, 0km/h�
�
Traffic model�
Full buffer�
�
Maximum discoverable distance [m]�
100�
�
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