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1. Introduction

In LTE device to device for proximity service [1] SI description, the first objective is: 
1) Define an evaluation methodology and channel models for LTE device-to-device (D2D) 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). [RAN1].
In this contribution we discuss relevant evaluation metrics and methodology for the study of LTE D2D proximity services, including D2D discovery and D2D communication aspects.

2. LTE Device to Device Proximity Services

In [2] LTE D2D Proximity Services are categorized as general (i.e. commercial) services and Public Safety (PS) services, with the latter including a set of specific requirements and service definitions. In particular, for PS services it is required that ProSe services are supported outside network coverage, as noted also in [1]. 

However, it should be observed that relevant metrics for characterization of successful operation of commercial proximity services might not be generally applicable to PS services even in case of network coverage. As a simple example we would highlight here the reliability of LTE D2D which in case of PS might be of highest importance and primary design goal, whereas for general, commercial proximity services, some best-effort type of service might be sufficient and hence the design goal might be to optimize for other D2D proximity service metrics.
In [2] there are mechanisms and use cases identified for Proximity Services which rely on network based discovery and communications, without any over-the-air measurements or signal transmissions, for example locally-routed data path  ([2] Section 4.1) and Network ProSe Discovery Use Case ([2] Section 5.1.5). For the purpose of RAN1 evaluations, however, the most relevant use cases are those which include transmissions of signals and/or direct measurements by LTE UEs. 
Proposal1: RAN1 should focus on D2D use cases that include transmissions of signals and/or direct measurements between UEs, i.e. do not rely on network based discovery and communications.
3. LTE Device to Device Discovery
For LTE D2D discovery, the main objective is to discover D2D enabled devices in the neighbourhood. The metric that most directly reflects the performance of such mechanism is the probability of successful discovery as a function of distance or pathloss. Such metric can also be used to identify a maximum D2D discovery range in different scenarios, for example defined as the distance for which discovery is achieved with 95% probability. This D2D discovery range would depend on parameters like maximum UE TX power for D2D, the propagation characteristics, co-channel interference situation affected by user distribution and potential co-channel cellular operation, as well as on the detection and decoding performance of the underlying design of the discovery signals used for this purpose. 

D2D discovery channels can be designed to achieve different levels of discovery performance, resulting in different discovery ranges as discussed above. The spectral efficiency of such discovery channels needs to be considered as well, in particular for general (i.e. commercial) scenarios with co-channel D2D deployments, where such signals are transmitted in the same band as regular cellular communications. In this case, one should consider not only the resources occupied by signals related directly to detection and related measurements, but also the overhead associated with such operation, including other signals that might be required to support the discovery procedure itself. 
Finally, the impact of D2D discovery procedure on UE power consumption should be well understood and taken into account for design of D2D discovery signals and related procedures, especially considering consumer electronic type of devices for the general, commercial proximity services.

Proposal 2: The main metrics to be considered for D2D discovery include discovery range, spectral efficiency of the overall discovery procedure, and UE power consumption. 
While the metrics described above are relevant for both commercial and PS use cases, the priority given to each one in optimizing the D2D discovery signals and procedure is not necessarily the same for both categories of use cases. For example, it might be acceptable to sacrifice the spectral efficiency of discovery signals in exchange of higher range and higher reliability in PS use cases. Moreover, acceptable values of UE power consumption might differ among those cases, even though in [2] it is recommended to support ProSe use cases with power class 3 EUTRA UE. Moreover, the required higher detection range and higher reliability in PS use case as well as the stand-alone operational requirements for selected PS use cases might require the discovery channel to be operated in a way that might not be optimal in terms of power consumption overall from terminal point of view (on the transmitter as well as the receiver side).
Observation 1: Optimization of D2D discovery channels and procedures might consider the metrics with different priorities when targeting specific general (i.e. commercial) and PS use cases.
We think, considering the PS use cases with respect to D2D discovery serving emergency services, the highest priority in the design should be given to the discovery range (including the detection reliability) and potentially sacrifice on spectral efficiency of the discovery process as well as power consumption for the D2D discovery process (on the transmitter and receiver side) if needed. In contrast, looking at the general D2D use cases serving commercial D2D services on operators band potentially sharing the band with cellular communication and having an “always on” type of operation, spectral efficiency and power consumptions should be prioritized over the potential discovery range and discovery reliability.

Proposal 3: Prioritize in the D2D discovery channel/process design for public safety use cases the discovery reliability and corresponding discovery range over other design metrics. 
Proposal 4: Prioritize in the D2D discovery channel/process design for general (i.e. commercial) use cases the overall spectral efficiency of the discovery process as well as UE power consumption (at transmitter and receiver side) over other design metrics. 
Considering the two proposals above in terms of different optimization points/priorities, naturally the question arises, if a single (parameterizable and extensible) D2D discovery channel/signal/process design will be able to satisfy the different requirements of the PS and general (i.e. commercial) use cases as such or if designs for the LTE D2D discovery optimized separately for PS and general (i.e. commercial) use cases might be serving each of the use cases separately in a better way. 
Observation 2: A trade-off analysis might be needed considering a joint (parameterizable and extensible) D2D discovery design for PS and general (i.e. commercial) use cases versus separate, optimized designs for the two types of use cases. 
4. LTE Device to Device Communications

For the D2D communication the main metrics to be evaluated are those impacting the efficiency of the communication exchange itself. Typical metrics widely used in other LTE studies can be applied here as well, such as user throughput and spectral efficiency. For user throughput, investigations should focus on 5th-percentile and median throughputs instead of peak data rates.

Spectral efficiency metric needs to consider all relevant physical layer resources occupied due to D2D communications, including possible control signalling to support D2D operation. The exact specification of such control signals depends on the methodology for D2D communications itself and hence they are still FFS.
Similarly as for D2D discovery, there is a need to characterize the communication range or coverage, which can be defined as the distance/maximum pathloss where D2D communication is possible with a target throughput at x% probability. The values of target throughput and probability of success required to define coverage are use case dependent and FFS.
UE power consumption is also relevant for D2D communications and in general it should not be compromised compared to cellular communications, at least for D2D communications under network coverage, for both commercial and PS use cases. For D2D operation without network coverage, where a clear benchmark to equivalent transmission via cellular network is not applicable, it is also desirable to avoid excessive UE power consumption and the target levels of UE power consumption in that case is FFS.

Proposal 5: The main metrics to be considered for D2D communications include 5th-percentile and median user throughput, spectral efficiency of D2D communication including any required control overhead, communication range, and UE power consumption. 
User throughput metric already include impact of potential retransmissions and scheduling in D2D links, but in case real-time services are supported via D2D links, metrics like jitter and latency might be considered as well. 

Here it should be observed as well that the priority given to the metrics above may not be the same when optimizing D2D communications for commercial use cases and PS use cases. For example, in some use cases it might be sufficient to provide low data rate services with high reliability for PS operation, in which case median user throughput and spectral efficiency are not necessarily the most important optimization metrics, but coverage and 5th-percentile user throughput could be more critical. However, for commercial use cases with shared spectrum with cellular communications, spectral efficiency is a key metric for optimization as there is still the alternative of communication between users through the cellular network itself. The target throughput expected from the D2D communications may be high for some use cases as well, including PS, in which case median user throughput is also important. Hence, when designing the D2D communication channel and procedures in LTE the target use cases should be taken into account. The detailed use cases and the exact priority to be given to each metric in those use cases are FFS.
Observation 2: Optimization of D2D communications channels and procedures might consider the relevant metrics with different priorities when targeting specific commercial and PS use cases.
5. Methodology for D2D studies
It is desirable to identify a reasonable methodology for the study of the multiple aspects related to D2D discovery and communication in order to ensure a smooth progress of the SI, and that the highest priority scenarios and use cases are sufficiently taken into account, as discussed in [3]. Given that D2D communications assume a-priori knowledge of the presence of certain UEs in a certain area, it is reasonable to focus on D2D discovery in a first phase of the studies. Even though some of the use cases in [2] also include scenarios where the presence information is obtained by other means than direct exchange between UEs, it is still necessary to understand the potential benefits of direct D2D discovery for UEs which have the capability of communicating directly with each other. Moreover, for D2D discovery outside of network coverage for the PS use cases, the direct D2D discovery will be anyhow a pre-requisite.
In this stage of the work, options for D2D discovery within and without network coverage should be considered. The targeted use cases need to be clearly identified such that the metrics described in the previous sections can be considered with suitable priority for optimization of the D2D discovery channels and procedures.
In a second step the work should focus on D2D communication itself, taking into account the design considerations and working assumptions agreed for D2D discovery. The targeted use cases for PS and commercial D2D communications need to be clear at this point so that the metrics defined above can be properly considered in the study of D2D communications. 
Proposal 6: The SI should focus on D2D discovery channel and procedures in an initial stage of the work, considering both cases of within and without network coverage, as well as commercial and PS use cases. In a second stage the studies should focus on D2D communications itself. The duration of each stage is FFS. 
6. Conclusion
In this contribution we have discussed the potential metrics and methodology to be considered for evaluation of D2D discovery and communications. 
In particular we propose with respect to the D2D work in general that:
Proposal1: RAN1 should focus on D2D use cases that include transmissions of signals and/or direct measurements between UEs, i.e. do not rely on network based discovery and communications.

Considering specifically LTE D2D discovery, the discussions lead to the following proposals and observations:

Proposal 2: The main metrics to be considered for D2D discovery include discovery range, spectral efficiency of the overall discovery procedure, and UE power consumption. 
Observation 1: Optimization of D2D discovery channels and procedures might consider the metrics with different priorities when targeting specific general (i.e. commercial) and PS use cases.

Proposal 3: Prioritize in the D2D discovery channel/process design for public safety use cases the discovery reliability and corresponding discovery range over other design metrics. 
Proposal 4: Prioritize in the D2D discovery channel/process design for general (i.e. commercial) use cases the overall spectral efficiency of the discovery process as well as UE power consumption (at transmitter and receiver side) over other design metrics. 
Observation 2: A trade-off analysis might be needed considering a joint (parameterizable and extensible) D2D discovery design for PS and general use cases versus separate, optimized designs for the two types of use cases. 

For LTE D2D communication we make the following proposals and observations:

Proposal 5: The main metrics to be considered for D2D communications include 5th-percentile and median user throughput, spectral efficiency of D2D communication including any required control overhead, communication range, and UE power consumption. 
Observation 2: Optimization of D2D communications channels and procedures might consider the relevant metrics with different priorities when targeting specific commercial and PS use cases.

Finally, for the methodology to be employed in D2D studies, we make the following proposal:

Proposal 6: The SI should focus on D2D discovery channel and procedures in an initial stage of the work, considering both cases of within and without network coverage, as well as general and PS use cases. In a second stage the studies should focus on D2D communications itself. The duration of each stage is FFS. 
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