3GPP TSG RAN WG1#72
Tdoc R1-130377
St. Julian’s, Malta
28 January 2013 – 1 February 2013
Agenda Item:

7.3.7
Source:

General Dynamics Broadband
Title:


Evaluation Methodology for Proximity Services
Document for:

Discussion / Decision
1 Introduction

A study item on LTE device-to-device proximity services has been initiated [1]. An evaluation methodology needs to be defined as an initial stage of this study. 

The focus of this document is the evaluation methodology for out of network coverage device to device communications. The ability to communicate out of network coverage is a highly desirable feature for public safety communications.

The full set of scenarios that the final RAN1 evaluation methodology needs to consider is:

· out of network coverage direct mode communications

· in network coverage direct mode communications

· out of network coverage discovery

· in network coverage discovery
2 Definitions
This section defines some of the terms that are used elsewhere in this document. 

2.1 In-network / out of network coverage

Device to device communications can either occur within network coverage or outside network coverage. The outside network coverage case is particularly important for several public safety use cases. In-network coverage device to device communications are possible in both commercial and public safety use cases.
In-network coverage
When the communicating UEs are within the coverage area of a network, they can communicate:

· User-plane data directly between themselves.

· Some control-plane data from UE to eNodeB (example control-plane data could include permission from the network to communicate user-plane data directly).

· Some control-plane data directly between the UEs (such control-plane data might include commands that enable the efficient use of the user-plane connection: example control data might include power control or rate control commands).

Note that the in-network coverage case does not include the case where UEs communicate in the user-plane via the eNodeB.
Out of network coverage
When the communicating UEs are out of network coverage, both the control plane and the user plane data are transferred directly from UE to UE. The UE physical layer may be unaware of whether the UE is deployed in a commercial network on in a public safety network. Hence the physical layer should be prepared to support out of network coverage direct communications and this facility can be turned on or off by higher layers.
The out of network coverage case may also include the possibility that a UE that is inside network coverage communicates with a UE that is outside network coverage. In this case, the out of network coverage UE cannot assume that it can freely communicate with the in-network UE since the activity of the in-network UE may be under the control of the network. Unless explicitly stated otherwise, “out of network coverage” implies that both UEs in a communicating pair are outside network coverage.

Figure 1 illustrates the in-network and out of network coverage cases (the figure shows an out of network UE communicating with another out of network UE and it shows separately an out of network UE communicating with an in-network UE).
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Figure 1 – In network and out of network types of direct mode communications

Observation 1: The scope of the study item includes both in-network and out of network coverage scenarios. 

2.2 In-band / out of band operation

The device to device communications can either re-use the carrier frequency used for eNodeB to UE communications or can use separate carrier frequency resources. This leads to the concept of “in-band” and “out of band” operation.
In-band operation
When direct communications operate in an in-band mode, the direct mode communications use the same carrier frequency to the UE to eNodeB communications.

Out of band operation

When direct communications operate in an out of band mode, the direct mode communications use a different carrier frequency to the UE to eNodeB communications. The user data and some control information are transmitted directly between the communicating UEs. Some other control information (e.g. relating to setting up a connection, permission to use direct mode communication etc.) may still be transmitted on the carrier frequency used for eNodeB to UE communications.
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Figure 2 – in-band and out of band operation

Some planned public safety networks operate on a single FDD carrier frequency. For these networks to support direct mode communications, it is necessary to support in-band direct mode communications. Since direct mode communications are highly desirable in public safety networks, this document hence focuses on the use of in-band direct mode communications. Note that some public safety administrations may have access to more than a single carrier frequency, hence the out of band mode of operation is still of interest to those public safety deployments.
Proposal 1: RAN1 shall study both in-band and out-of-band operation of direct discovery and direct communication. 
3 Evaluation methodology for out of network coverage case
This section considers aspects of the evaluation methodology that need to be considered for direct mode communications.

3.1 Interference scenarios

The following subsections list possible interference scenarios for the out of network coverage case.

Interference between individual direct mode links

There may be two individual direct mode links that are un-coordinated. One direct mode link may interfere with the other direct mode link (Figure 3). 
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Figure 3 – Interference between un-coordinated out of network coverage direct mode links

Interference between groups of direct mode links
Groups of out of network coverage UEs may be formed, where these groups of UEs are controlled by a “master” UE. There may be interference between these groups of UEs (Figure 4). Either the master or the slave UEs may either create the most interference or be most susceptible to interference.
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Figure 4 – Interference between groups of UEs communicating in a direct mode

Interference between direct mode links and neighbouring network

A pair of direct mode UEs may not be able to communicate with a network, but may be able to interfere with UEs in the neighbouring network or with the neighbouring network itself (Figure 5). The nature of the interference will depend on:

· the coupling loss between the direct mode UEs and:

· the neighbouring eNodeB

· the UEs served by the neighbouring eNodeB

· whether the direct mode link is using:

· the downlink carrier frequency of an FDD duplex (in which UEs in the neighbouring network are interfered with)

· the uplink carrier frequency of an FDD duplex (in which case the neighbouring eNodeB itself is interfered with)
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Figure 5 – Interference between direct mode UEs and a neighbouring network

Proposal 2: The study should consider potential interference (1) between direct mode links, (2) between groups of direct mode links and (3) between direct mode links and networks. 
3.2 Dropping UEs in a simulation
When UEs are dropped in a simulation, they can either be dropped in a random fashion (UEs are evenly distributed over the area) or they can be dropped in a clustered fashion. The clustered dropping of UEs would for example simulate either commercial users congregating at an event or public safety officers attending the scene of an incident.
The main difference between the random dropping of UEs and the clustered dropping of UEs would appear to be that when UEs are randomly dropped, there is no “edge” to the deployment of dropped UEs whereas when UEs are clustered, the “edge” of the deployment is determined by the size of the cluster.
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In any simulation, UEs are going to have a maximum range over which they can communicate. Performing a simulation with randomly dropped UEs may be problematic because when pairs of directly communicating UEs are formed, the distance between those paired UEs can be unbounded. In contrast when direct mode UEs are clustered, the distance between UEs is bounded by the size of the cluster. Since the maximum coupling loss (or range) that can be tolerated is one of the performance metrics that is useful from a simulation, it is probably better to simulate the clustered deployment. In this case, the maximum coupling loss that can be tolerated is related to the size of the cluster.
Hence it is proposed that UEs are uniformly randomly dropped within a circular cluster of radius “Rcluster”. The radius of the cluster can be varied to determine the maximum coupling loss / range that can be tolerated in direct mode communications.

Proposal 3: UEs are dropped uniformly into a cluster in the out of network coverage case. 
3.3 Propagation Model

ProSe communications may be used in a variety of ways (discovery only, discovery and communication, commercial networks, public safety networks, indoor, outdoor, in-network coverage, out of network coverage etc.). These different usage scenarios may be associated with different deployment assumptions (e.g. for in-network coverage, operation in an urban or suburban environment might be assumed. A UE might be out of network coverage due to non-availability of a public safety network or due to operation in a rural area).

Given that there are many potential deployment scenarios for ProSe communications, it is going to be difficult to relate maximum coupling loss to range via a single propagation model. Hence two options exist: to use several different propagation models to represent different deployment scenarios; or to use a single propagation model that is not necessarily representative of every deployment scenario, but that nevertheless allows distinctions to be drawn between competing technologies. In order to simplify the study, we prefer the use of a generic single propagation model.
The propagation model should describe the following aspects:

· path loss model

· shadow fading characteristics

· multipath delay profile

· Doppler characteristics
· spatial characteristics

The propagation model should specify the parameters detailed in Table 1.

Table 1 – Parameters to be specified in propagation model

	parameter
	notes

	environment
	When ProSe is used for public safety communications, there is a high possibility that the communicating officers will be outdoors at the scene of an incident. Public safety incidents may occur in urban or suburban areas where infrastructure is unavailable due to damage or sabotage. Although public safety communications may also occur indoor, direct mode communications must also support outdoor operation to meet most of the public safety requirements.

	propagation
	LOS and NLOS. In a public safety incident in an urban area, officers may need to communicate with other officers behind buildings or vehicles

	antenna height
	The heights of both UEs should be appropriate for handheld UEs. An antenna height of approximately 1.5m seems appropriate. 

	distance between UEs
	UE separation could be several kilometers. Typical distances between UEs at a public safety incident might range from 100m to 1km.

	UE velocity
	Public safety officers may be travelling in vehicles to the scene of an incident. In this case, UE velocity might be up to 150kmh. It should be noted that UEs in these vehicles might be travelling in opposite directions (e.g. converging on the scene of a public safety incident). In this case, the observed Doppler frequency shift will be doubled (compared to a mobile UE communicating with a static base station).

	antenna patterns
	UEs should be assumed to have omni-directional antennas


Proposal 4: A propagation model should be defined with just sufficient accuracy to allow competing proposals to be compared. 
3.4 Channel Model

The goal of the channel model should be to allow competing proposals to be evaluated. 

The existing LTE channel models specified by 3GPP [3] should be used as a starting point unless these channel models do not allow some of the aspects of competing proposals to be differentiated.

Of the channel models specified in [3], the EVA channel model is frequency selective and has an RMS delay spread that would be consistent with outdoor direct mode communications with a range of approximately 1km. Hence, unless more appropriate channel models are suggested, our proposal is that the EVA channel model should be used when evaluating direct mode communications.
Proposal 5: A single existing LTE channel model should be used in the evaluation. The chosen channel model should allow outdoor direct mode communications to be evaluated. 
3.5 Frequency Errors

The transmit frequency error on an E-UTRA Node B (eNB) is low because very high stability oscillators are used.  The UE derives its synchronisation from the downlink which enables it to also transmit with a low frequency error.  It is specified in [3] that the UE modulated carrier frequency shall be accurate to within ±0.1 PPM observed over a period of one subframe (1.0ms) compared to the carrier frequency received from the eNB. The frequency accuracy of the eNodeB is specified as 0.05ppm observed over the period of one subframe [4].
The frequency error that can occur between in network coverage UEs is less than the frequency error that can occur between out of network coverage UEs:

· In network coverage UEs are assumed to be synchronized to the eNodeB. Each UE can have a frequency error of ±0.1 PPM relative to the eNodeB, hence the maximum frequency error between the two UEs when operating in direct mode is ±0.2 PPM. The frequency error between the UEs may increase with time if the UEs are not continuously connected to the eNodeB (e.g. if single radio UEs use out of band direct mode communications).

· Out of coverage UEs are not synchronized to a network. The UE oscillator usually has a lower quality than that of the eNodeB. A typical frequency accuracy of the UE oscillator may be ±5 PPM. When the UE connects to an eNodeB, the UE’s synchronization algorithms must be able to tolerate a total frequency error of ±5.05 PPM whereas in the direct mode communication case, a total frequency error of ±10 PPM has to be tolerated.

The differences between the in network coverage and out of network coverage cases in terms of the frequency errors that need to be tolerated are illustrated in Figure 6.
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Figure 6 – Frequency errors for in-network and out of network coverage cases

Observation 2: A direct mode communication link needs to be able to tolerate twice the frequency error of a Release-11 network.
3.6 Doppler Issues

When UEs are communicating with a network directly, the network is stationary and the UE may be moving.

When UEs are in direct communication, both of the UEs may be moving. For a public safety use case, the two UEs may both be approaching a public safety incident at a speed v. In this case, the overall relative speed is 2v.
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Figure 7 – Increased Doppler frequency shift associated with direct mode communications

Observation 3: Direct mode communications need to be able to tolerate a Doppler frequency shift corresponding to twice the maximum UE speed.
3.7 Carrier Frequency

For coverage reasons and based on the availability of spectrum, many public safety systems are expected to operate in sub-1GHz frequency bands. A typical deployment is the USA FirstNet system. This system operates in band 14 (DL = 758 – 768MHz; UL = 788 – 798MHz). 
However other public safety systems and commercial systems may operate at higher frequencies, for example in the 2GHz range. Since operation at 2GHz is more challenging than operation at 800MHz, it is proposed that the evaluation considers operation at a carrier frequency of 2GHz. Aspects of operation at 2GHz are more challenging than at 800MHz, hence technologies that can operate at 2GHz are likely to be able to operate at 800MHz too.

Proposal 6: The evaluation methodology uses a baseline carrier frequency of 2GHz. 
3.8 Power Control

There is no need to specify a power control scheme in the evaluation methodology. Power control simulations may be performed for any direct mode communication scheme that includes an element of power control.

3.9 Output Power

The recent RAN4 work item on supporting the use of high power UEs has been focused on public safety UEs operating in band 14 [5]. The ProSe RAN1 study item however is not focused solely on public safety UEs in a particular band, but is also relevant to commercial UEs and other bands.

Hence the RAN1 study item should assume the same maximum UE output power as Release-11: +23dBm.
3.10 Traffic Models

3.10.1 Voice

There are two types of voice call that are of interest to the public safety community:

· One-to-one (unicast) calls

· Group calls. Push to talk (PTT) is a popular technique for group call functionality.

A push to talk service is half-duplex in nature. The following traffic model is proposed for these half-duplex voice calls
· DL: 12.2kbps

· UL: 12.2kbps

· half duplex operation. The lifetime of each link direction is a uniform random variable with a range of [2 seconds] to [30 seconds].  

One-to-one unicast calls are typically full duplex in nature. The following traffic model is proposed for these full-duplex voice calls:
· DL: 12.2kbps

· UL: 12.2kbps

· full duplex operation

In the public safety usage scenarios, both one-to-one calls and group calls can either occur in-network coverage or out of network coverage.

3.10.2 Data
Data files may be transmitted in direct mode communication scenarios [6]. A data file could be transmitted to a single UE or to a group of UEs. Example data files could include still images or short video clips. It is unlikely that one device will browse a web server on another device using direct mode communications. 

Note that it is possible that web-like traffic could be transmitted across a direct mode link when a device that is out of network coverage connects to the internet via another device that is in coverage (this is a device-to-device-to-network scenario). It is unlikely that consideration of this sort of traffic would alter the outcome of the study. Given that it is also a “corner case” in the bigger picture of direct mode communications, it is proposed that web-like traffic does not need to be considered in the current evaluation of direct mode communications.
Hence the data model for direct mode communications should be the transmission of files. This data transmission could be modeled as an FTP transmission or simply the transmission of a finite size data objects. The size of these data objects could range from 50kbyte (for a compressed still image) to 10Mbytes (for a short video clip).

Proposal 7: The evaluation methodology considers voice calls (both full and half-duplex) and the transmission of individual data objects. Both types of traffic can apply to either one-to-one communications or to group communications.
3.11 Number of hops

It is proposed that the study considers single hop communications only. The following sub-cases of single-hop communications are identified:
· Unicast. A single UE communicates directly with another single UE.

· Multipoint. A single UE communicates directly with a group of UEs. The direct communication is single-hop in this case since the data is not “relayed” from one receiving UE to another receiving UE.
· Relay to network. An out of network coverage UE communicates directly to an in-network coverage UE. The in-network coverage UE forwards the out of network coverage UE’s data to and from the eNodeB. 

The three cases of single-hop direct-mode communications are illustrated in Figure 8.

[image: image9]
Figure 8 – Three cases of single-hop direct mode communications

Proposal 8: The evaluation methodology considers single-hop direct mode communications only, including the unicast, multicast and relay-to-network cases. 
3.12 Simulations and Performance Metrics
In [7] a set of performance metrics for direct-mode communications is proposed. Suitable simulations should be performed to show how performance targets associated with these metrics can be achieved. Two forms of simulation may be necessary:
· link level simulations to estimate link performance in the presence of factors such as increased frequency error and increased Doppler frequency shift.

· system level simulations to estimate system performance in terms of the number of direct mode calls that can be supported per unit area, the total throughput achieved per unit area, spectral efficiency, maximum coupling loss etc.

The simulation results for the in-network coverage case may differ from those for the out of network coverage case. Issues include:

· “per cell” results are not appropriate for the out of network coverage case.

· when a UE is connected to the network, it has a lower frequency error than when it is out of coverage.

· the signaling flows between an in-network UE and an eNodeB are likely to be different to the signaling flows between two out of coverage UEs.

Observation 4: The performance of in-network and out of network coverage direct mode communications may differ: simulations for both in-network and out of network coverage scenarios are required.
4 Conclusions

This document has focused on the evaluation methodology for out of network coverage device to device communications. The ability to communicate out of network coverage is a highly desirable feature for public safety communications.

The full set of scenarios that the final RAN1 evaluation methodology needs to consider is:

· out of network coverage direct mode communications

· in network coverage direct mode communications

· out of network coverage discovery

· in network coverage discovery 

The following proposals are made:

	Proposal 1
	RAN1 shall study both in-band and out-of-band operation of direct discovery and direct communication. 

	Proposal 2
	The study should consider potential interference (1) between direct mode links, (2) between groups of direct mode links and (3) between direct mode links and networks. 

	Proposal 3
	UEs are dropped uniformly into a cluster in the out of network coverage case.

	Proposal 4
	A propagation model should be defined with just sufficient accuracy to allow competing proposals to be compared. 

	Proposal 5
	A single existing LTE channel model should be used in the evaluation. The chosen channel model should allow outdoor direct mode communications to be evaluated. 

	Proposal 6
	The evaluation methodology uses a baseline carrier frequency of 2GHz. 

	Proposal 7
	The evaluation methodology considers voice calls (both full and half-duplex) and the transmission of individual data objects. Both types of traffic can apply to either one-to-one communications or to group communications.

	Proposal 8
	The evaluation methodology considers single-hop direct mode communications only, including the unicast, multicast and relay-to-network cases. 


The following observations are also made:

	Observation 1
	The scope of the study item includes both in-network and out of network coverage scenarios.

	Observation 2
	A direct mode communication link needs to be able to tolerate twice the frequency error of a Release-11 network.

	Observation 3
	Direct mode communications need to be able to tolerate a Doppler frequency shift corresponding to twice the maximum UE speed.

	Observation 4
	The performance of in-network and out of network coverage direct mode communications may differ: simulations for both in-network and out of network coverage scenarios are required.
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