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1
Introduction

The study item description sheet [1] for the study on LTE Device to Device Proximity Services, states as an objective the need for appropriate performance metrics and performance targets to compare different technical options for device discovery and communication.
In the technical report [2] for the feasibility study on Proximity Services there are many potential requirements where there is direct UE to UE communication, including cases where at least one of the UEs is out of network coverage.  For example, see the requirements CPR.21, PR.58 and PR.117 in [2].  This document discusses potential candidates for the performance metrics and targets with particular reference to public safety UEs which are out of network coverage.
The out of network coverage case is significantly different to the in-network coverage case, for example there is no eNode B to provide synchronisation and no network support for call setup and authentication.

It is proposed in this document that some of the metrics and targets need to be different for UE to UE communications when in and out of network coverage and should be considered independently.  Also there may be new metrics not previously used and that the units of some other metrics may have to be changed.
2
Assumptions

In the following sections a performance metric is assumed to be expressed in measured units whereas a performance target is an enumerated value of one of those metrics, where that value is a minimum or maximum requirement
The scenarios being considered are shown in Figure 1.  It is the performance metrics for the direct UE to UE communication that this document is proposing.  There is no assumption whether the frequency of the direct UE to UE communication is the same as or different from the network frequency; the performance metrics should cover both cases.  However the performance target may well need to be a different value since, for example, there may be increased interference when the frequency is the same.
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  Figure 1 – Control and data paths for Public Safety ProSe Comms for UEs in and out of network coverage
3
Performance Metrics 

A significant source of performance metrics are the SA documents listed below.  However there may well be further new metrics which need to be specified by RAN1.  
There are three SA documents which are relevant.  
· The starting point for specifying performance metrics and targets for ProSe is the Feasibility study for Proximity Services [2].  
· There is also a technical specification by SA1, Service Requirements for the Evolved Packet System (EPS) [4] which will be modified to include ProSe requirements.  A new work item [7] will update this document with requirements for ProSe.  Note that [4] is not expected to be updated with ProSe requirements until March or possibly June 2013.  As a starting point, RAN1 could take the performance metrics identified in the study item phase [2]. RAN1 could then modify its performance metrics if the SA work item defines items that significantly deviate from those contained in [2].  Note that [4] will contain requirements for both the in network coverage and out of network coverage cases.
· The third document to note is a technical report by SA2, Study on Architectural Enhancements to Support Proximity Services (ProSe) [5].  A draft release is expected in June 2013 and an approved release in September 2013.
The rest of this section lists various potential metrics which may be different when considered in the context of direct UE to UE communication where at least one of the UEs is out of network coverage.
1. Maximum coupling loss
There are potential requirements in [2] which specify that ProSe Discovery and direct UE to UE communication shall operate over various ranges e.g. PR4, CPR.25. 
For the in network coverage case, there will be at least two communication links: a link between the UE and the eNB (for the purposes of control signalling) and the direct link between the UEs (for the purposes of transmitting user-plane data directly). Note that in practice, the range might be expressed as a maximum coupling loss (as the actual range obtained depends on the deployment conditions).

2. Maximum UE speed

For reasons that are discussed in another Tdoc [6], the frequency error (excluding Doppler shift) will be higher for UE to UE communication when out of network coverage than for UE to UE communication when in network coverage.  This is because the oscillators on the UE have a lower specification than the Node B. This may reduce maximum UE speed when out of network coverage.
Furthermore, both UEs can be mobile which can result in a double Doppler shift if the UEs are travelling in an opposite direction (for example two vehicles travelling in opposite directions on a road).  This may reduce maximum UE speed for UE to UE communications even when in network coverage.

3. Spectral Efficiency

The E-UTRA spectral efficiency metric is usually expressed in terms of bps/Hz per cell.  However there is no cell when out of network coverage so the spectral efficiency metric will have to be modified.  One possibility is a sum rate per unit area metric, (hence having a unit of bps/Hz/km^2), where the sum rate is calculated as the total number of bits transmitted across all the UEs concurrently transmitting in the area.  However the spectral efficiency may also depend on the density of UEs in a given area.  For example, there may be a very high density of users at a major incident which will mean that the efficiency is lower due to increased interference.
4. Latency

When the eNB and/or EPC are not used, lower latency communications could be supported.  

5. Call Setup Time

When there is no eNB or EPC, lower call setup times could be supported.  For the in-network coverage case, the call setup time is defined for both UEs initially being in idle mode. For the out-of-network coverage case, it is assumed that the UEs are already aware of each other either through discovery or pre-configuration.
6. Throughput

The E-UTRA UE throughput is specified in kbps averaged over one frame for the UL. There is a similar target for the DL for a given UE. When there is direct UE to UE communication, there is no longer an UL and a DL: instead a UE transmits and receives. Hence there is no meaning to the terms “UL throughput” and “DL throughput” and we can just consider “link throughput”, where the link has no direction associated with it.   However there needs to be a new metric for the ‘system’ throughput which is equivalent to the cell throughput.  The cell throughput is specified in kbps in the cell and a corresponding metric for out of network coverage may be kbps per unit area.  Note that the more UEs there are in an area, the greater the interference that will be created in that area. The throughput per unit area that can be achieved is likely to be constrained by this interference.
7. Number of calls supported
In E-UTRA, the number of calls supported is measured on a per-cell basis. When direct UE-to-UE communications are supported in-network, the number of UE calls may be constrained by available control signalling, hence a suitable performance metric for in-network UE to UE communication may still be the number of calls that can be supported per cell. However for the out of network coverage case, a suitable performance target would be the number of UEs with active calls per unit area (since there is no concept of a “cell” in the out of network coverage case).
8. Discovery

There are potential requirements specified in [2] regarding UE discovery. Performance metrics need to be established for the time taken to discover another UE.
Table 1 summarises some performance metrics which can be used for comparing different technical options for device discovery and communication.  
Table 1 - Performance metrics  for direct UE to UE communications
	Performance Metric
	Direct UE-to-UE ProSe Comms

in network coverage
	Direct UE-to-UE ProSe Comms

out of network coverage

	Maximum coupling loss
	UE to UE maximum coupling loss.
	UE to UE maximum coupling loss.

	Max UE speed
	Speed of UE assuming other UE has same speed in opposite direction and UEs are synchronised to network.                  
	Speed of UE assuming other UE has same speed in opposite direction.

	Spectral efficiency
	bps/Hz in a cell.
	bps/Hz per unit area.

	Latency
	Time to transmit a datagram directly from UE to UE.
	Time to transmit a datagram directly from UE to UE.

	Call setup time
	Time to setup a call from idle mode including possible interaction with network.
	Time to setup a call from one UE to another UE that has already been discovered or pre-configured.

	System Throughput
	Total throughput in the cell.
	Sum rate of UE throughputs per unit area.

	Number of calls supported
	Number of calls per cell.
	Number of calls per unit area.

	Discovery time
	Discovery process assumed to start from idle mode.  However ProSe procedures may also support discovery by the network.
	Discovery process assumed to start from the equivalent of ‘idle’ mode.


3
Conclusion 

SA1 are currently defining some service requirements for ProSe. As a starting point, RAN1 can derive some performance metrics from the current version of [2].  RAN1 performance targets can be amended in a future meeting if there are significant changes to the SA1 requirements in [2] and [4].
The main conclusion is that some of the metrics and targets need to be different for the in and out of network coverage cases and should be considered independently.  This is particularly so where a current metric has no or a changed meaning when the device is outside network coverage.  Examples include number of supported calls, spectral efficiency and maximum coupling loss.
It is proposed that the performance metrics detailed in Table 1 be adopted in the RAN1 ProSe technical report.
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