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1	Introduction
This contribution is related to LTE device to device proximity services study item [1]. We propose D2D performance evaluation metrics that in part fulfill Objective 1 as defined in Section 4 of [1].
Since device to device (D2D) proximity service is a new type of service, there is a need to define new performance evaluation metrics. However whenever possible we reuse performance evaluation metrics defined in [2].
We propose performance metrics for two categories of D2D proximity services.
· Discovery
· Direct Communication

2	Proposal for Performance Evaluation Metrics
2.1 Discovery Metrics
Since there is no precedent in 3GPP of performance evaluation metrics for discovery, there is a need to define new metrics for discovery.  We propose the following metrics covering different aspects of discovery performance evaluation:
· Number of devices discovered 
· Average number of UEs discovered
· CDF of number of UEs discovered 
· Range and reliability 
· Probability of discovery against pathloss 
· Probability of false alarm
· Power consumption 
· Increase in power consumption 
· WAN impact 
· Decrease in WAN throughput

Formal text proposed for the TR is given in Appendix I.
Proposal 1: new metrics capture discovery performance along with impact on device power and network throughput.
2.2 Direct Communication
For evaluating direct communication we propose that full buffer, FTP and VoIP traffic models be reused from [2]. Consequently, metrics for direct communication can mostly be reused from those defined in Section A.2.1.4 of [2]. 
2.2.1 Unicast Communication Metrics
For evaluations with full-buffer traffic model, the following performance metrics are proposed:
-	Mean user throughput
-	Throughput CDF and 5% worst user throughput
-	Median and 5% throughput against link pathloss 
For evaluations with bursty traffic model, the following performance metrics are proposed:
· Mean user perceived throughput (during active time)
· User perceived throughput CDF and 5% worst user perceived throughput
· Median and 5% user perceived throughput against link pathloss
For VoIP capacity evaluations, the following performance metrics are proposed:

-	VoIP system capacity in form of the maximum number of satisfied D2D links 
-A VoIP D2D link is in outage (not satisfied) if [98%] radio interface tail latency of the link is greater than [150 ms]. 
-	Probability of satisfied D2D link against link pathloss
Impact of communication on WAN 
-	Decrease in WAN throughput
Formal text proposed for the TR is given in Appendix II.
The additional metrics with regards to performance against pathloss are proposed to capture range and reliability of communication links in addition to the usual metrics used in [2]. 
Proposal 2: reuse metrics from 36.814 [2] for unicast communication with less stringent delay requirement for VOIP and additional link reliability requirements.
2.2.2 Broadcast and Groupcast Metrics
Same metrics as unicast communication are proposed for both broadcast and groupcast with each broadcast and groupcast receiver counted separately for throughput and VOIP capacity computation. 
Proposal 3: reuse same metrics as unicast for broadcast and groupcast with each receiver counted separately.

3	Other aspects
3.1 Power consumption model
Modelling power consumption of UE accurately is complicated. Additionally, the power consumption is also dependent on the implementation.  Hence, it is proposed that device ON time be used as a proxy for power consumption as a simplifying assumption.
Proposal 4: Increase in power consumption be captured through the ON time of the device. 
3.2 WAN throughput 
Decrease in WAN throughput can be captured to the first order by number of resources used by discovery or communication – additional system simulations may be performed as needed.
Proposal 5: Impact on WAN throughput of D2D discovery and communication can be captured as number of resources used when appropriate.
3.3 VOIP delay budget
Note here that the time budget for VoIP as been increased to 150ms as compared to 50ms in Section A.2.1.4 of [2]. This is because direct communication packets do not go through a network backhaul. Also note that the end-to-end delay budget is unaffected and remains at [200ms]. 
3.4 Out of network coverage operation
For Public Safety use cases, out of network coverage operation is needed. For this, we are proposing to use the same metrics. However impact due to lack of network coverage in terms of design overhead and performance loss should be captured. An example of design overhead is additional signalling needed for synchronization. An example of performance loss is the residual time and frequency errors arising due to possibly weaker synchronization compared to the network coverage case.
4 	Conclusions
In this contribution we proposed evaluation metrics for LTE device to device proximity services.  The proposals can be summarized as follows
Proposal 1: new metrics capture discovery performance along with impact on device power and network throughput.
Proposal 2: reuse metrics from 36.814 [2] for unicast communication with less stringent delay requirement for VOIP and additional link reliability requirements.
Proposal 3: reuse same metrics as unicast for broadcast and groupcast with each receiver counted separately.
Proposal 4: Increase in power consumption be captured through the ON time of the device. 
Proposal 5: Impact on WAN throughput of D2D discovery and communication can be captured as number of resources used when appropriate.
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Appendix I: Discovery Metrics
Discovery metrics for number of devices discovered shall be
· Average number of devices discovered within a given period of time across all devices
· Cumulative distribution function (CDF) of the number of devices discovered across all devices participating in discovery within a given time period

Discovery metrics for range and reliability shall be
· Probability of discovery with path loss within a given time period averaged across all devices participating in discovery
· Probability of false alarm within a given time period averaged across all devices participating in discovery


Here power consumption shall be measured in terms of ON time, i.e., the fraction of time a device is either transmitting or receiving. Discovery metric for increase in power consumption shall be
· Average increase in power consumption of a device participating in discovery.

Discovery metric for impact of discovery on the performance of WAN
· Percentage of downlink & uplink WAN resources used for discovery

The loss in performance of discovery and additional signaling overhead needed due to lack network coverage shall be measured.

Appendix II: Communication Metrics
A.1 Unicast Communication Metrics
Following metrics shall be used for evaluations with full-buffer traffic model
· Average direct communication link throughput across all links in the deployment

· CDF of throughput of direct communication links
· 5% worst direct communication link throughput
Following metrics shall be used for evaluations with bursty traffic model. 
· Direct communication link perceived throughput (during active time), defined as the size of a burst divided by the time between the arrival of the first packet of a burst at the transmitter of the direct communication link and the reception of the last packet of the burst at the receiver of the direct communication link.
· Average perceived throughput of a direct communication link defined as the average from all perceived throughput for all bursts occurring for the link.
· CDF of average perceived throughput across direct communication links
· CDF of tail perceived throughput across communication links. Tail perceived throughput defined as the worst 5% perceived throughput among all bursts occurring for the link.

Following metrics shall be used for VoIP capacity evaluations:
· VoIP system capacity in form of the maximum number of satisfied direct communication links. 
· System capacity is defined as the number of links when more than [95%] of the links are satisfied. 
A VoIP link is in outage (not satisfied) if [98%] radio interface tail latency of the user is greater than [150ms]. 
Following metric shall be used to measure the impact of unicast communication metric on the performance of WAN
· Percentage of downlink & uplink WAN resources used for unicast communication

The impact on performance of unicast communication and additional signaling overhead needed due to lack network coverage shall be measured.

A.2 Groupcast and Broadcast Communication Metrics
The metrics for groupcast and broadcast communication shall be the same as metrics of unicast communication with metrics being applied on a per receiver basis.
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