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1. Introduction
During RAN#58 meeting, a new study item “LTE Device to Device Proximity Services” was approved which includes discovery and direct communication. The definitions are described as [1]: 

· ProSe Discovery: a process that identifies that a UE is in proximity of another, using E-UTRA. 

· ProSe Communication: a communication between two UEs in proximity by means of a communication path established between the UEs.

However ProSe architecture and processes of discovery/communication are very different from traditional cellular network. It’s important to discuss and determine a sensible evaluation methodology for LTE D2D study.

2. Use Case and Scenarios
As described in[1], LTE ProSe should be used for public safety and non public safety cases. Regardless whether public safety scenario or non public safety scenario is considered, the general use cases within network coverage, such as open/restricted discovery and service continuity, should be supported as the baseline. Whereas the specific use cases such as multiple one-to-one direct User traffic sessions, ProSe group/broadcast/relay, ProSe hybrid and range extension, co-existence of ProSe communication and E-UTRAN communication, should be supported for public safety only. The use cases and scenarios are shown as Figure 1.
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Figure 1: LTE ProSe use cases and scenarios

A working assumption from RAN1#72 is：
· Define general and public safety specific scenarios

· General scenarios for in NW coverage

· Applicable for both public safety and non-public safety

· One additional public safety specific scenario for out of NW coverage and partial NW coverage cases

The working assumption emphasizes the importance of compatibility to the traditional cellular networks when D2D is deployed. From this aspect, we recommend that higher priority is given to general scenarios with network coverage, then extended to specific scenarios such as without or with partial network coverage.
Proposal 1: General scenarios for public safety/non public safety with network coverage should be the priority.
3. LTE D2D discovery
At physical layer, the peer discovery in D2D can be achieved by transmitting and detecting beacon signals. Beacons can be carried in PRACH or PSS/SSS with relatively sparse presence in time and frequency, so that they would occupy small amount of resources. Such setting can also reduce the power assumption of D2D UEs and minimize the impact of D2D services on cellular communications.
3.1 Deployment
It is assumed in this contribution that the radio resources for D2D beacon signals and macro eNB-UE transmissions are orthogonal for the initial stage of the evaluation. Also the resources for D2D beacon signals between neighboring cells are coordinated.  Under this assumption, there is no need to set up the cellular network, place eNBs and drop macro UEs in the simulation. The only interference is between D2D beacon signals of the same cell when the collisions occur.  

As a UE to be discovered is very likely in IDLE mode, the user density in the D2D discovery simulations can be much higher than the user density in [2] which are in CONNECTED mode. We propose to define two densities: dense and sparse. In dense case, the user density can be >10 times as those defined in [2]. In sparse case, it can be 2 times as those defined in [2].

For use cases of D2D discovery within or without network coverage, UEs can be uniformly distributed in the simulation. Only one of these UEs tries to detect the beacons. This UE is shown with red color in Figure 2 and its location is fixed at the center. The other UEs (shown in blue) transmit beacons for the center UE to detect. 
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Figure 2: The distribution of UEs that transmit and detect beacons
The target ranges of D2D discovery can be different, depending on the application scenarios such as indoor data sharing or crying for help, or for D2D UEs working in a power-saving mode. Therefore it is suggested that the D2D direct discovery target range should be divided into three categories: near, medium range, and distant. 
3.2 Performance metrics
Performance metrics such as overhead, efficiency, coverage range, and power consumption of LTE D2D discovery are discussed in this contribution. As the D2D user density can have significant impact on the performance metric, the metric should user density dependent.
· Overhead 

It is assumed that D2D direct discovery is performed periodically and the period is denoted as [image: image4.png]
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occasions in one period for beacon transmission or detection by UEs. One beacon occasion occupies [image: image8.png]
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 Hz in the frequency domain. Then we can calculate the ratio of overhead [image: image14.png]
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· Efficiency

If the number of transmitting UEs discovered by the center UE is
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, the efficiency of D2D direct discovery 
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 can be defined as:
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· Coverage range

As discussed earlier, the target range for D2D direct discovery should be divided into three categories: near, medium range, and distant. And it should be tied to specific initial power allocation. 
· Power consumption 

During a D2D direct discovery process, the power is mainly spent on beacon signal transmission and detection. If a UE transmitted beacons in 
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 occasions in one period, the power consumption for beacon transmitting and detecting of this UE can be calculated as:
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The power consumption for beacon transmission and detection are separated denoted as 
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Proposal 2:  Key performance metrics for D2D peer discovery should include the overhead, efficiency, coverage range, and power consumption, under different UE densities.

4. LTE D2D communication
For D2D communications, function wise, D2D UEs may support one-to-one, multiple-to-one, group broadcast types of services, as illustrated in Figure 3. Considering that one-to-one is the most common scenario, its performance study would reflect the typical deployment of D2D. Hence, we purpose to prioritize one-to-one communication, with the other type of communications being FFS.
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Figure 3: D2D communication cases
Proposal 3:  first to study one-to-one type of D2D communications.
4.1 Deployment
When network coverage is available, Release 11 simulation methodology can mostly be reused. For example, first we can uniformly and cluster-wise drop UEs. Then with certain probability, one of these UEs is selected as one end of D2D communications, e.g., UE1. Then, uniformly drop UEs around UE1 within certain distance. Such distance is based on the study in D2D discovery. Such random drop would not try to avoid the case that D2D pair UEs are in different cells.
The UE density for D2D communications can reuse those in LTE Release 11, with an additional parameter P to measure the percentage of UEs participating D2D communications, for example, 10%, 50% and 90%.

For simplicity, the initial evaluation can assume that D2D UEs can only engage in D2D communications, not cellular communications.
Proposal 4: to reuse the network layout and UE dropping rules in [2] when the network coverage is available. To pair D2D UEs based on certain probability and discovery range. FFS for without network coverage scenario.
Proposal 5：in the initial evaluations assuming network coverage, each UE is either in cellular communications, or in D2D communications, but not both.
4.2 Resource allocation
For general scenario with non-public safety, the design effort should be spent on improving the spectral efficiency and ensure that D2D communications can work in cellular networks. Therefore, we suggest considering co-channel case where D2D communications and cellular communications share the resources. This is applicable for both homogeneous networks and heterogeneous networks, although we slightly prefer simulation homogeneous networks in the initial evaluations.
Proposal 6：first to evaluate co-channel deployment for non-public safety scenario. 

In co-channel deployment, in principle D2D communications can take either DL or UL, or both. However, from the UL/DL loading observed in current LTE networks, the UL resources are not fully utilized. Also to minimize the impact of D2D communications on cellular communications, we propose using UL resources for D2D communications in a TDM duplex model
Proposal 7：In the case of co-channel deployment，to use UL resources for D2D communications. 
4.3 Scheduling
With network coverage, resource coordination is possible to D2D communications. In this case, centralized scheduling can allow eNB to fully control and manage the dynamic resource usage of D2D communications, therefore providing the most flexibility. 

On the other hand, usually the channel state information (CSI) between UEs cannot directly measured by eNB. So the UE is required to report the CSI of UE-UE link to eNB. Such information exchange would increase the latency and control signaling overhead. To solve these issues, we can also consider the semi-centralized scheduling strategy. That is the network pre-defines a resource pool within certain valid time. Within that period, UE pair can decide the resource to be used under the judgment of the each D2D UEs. While certain scheduling flexibility is reduced, the saving of various signaling overhead can be significant.
Proposal 8： centralized and semi-centralized resource scheduling can be used when the network coverage is available.
4.4 Performance metric
-The average and cell edge (5%) spectral efficiency. To count all the D2D pairs been in transmission or in the current transmission. The spectral efficiency is calculated by considering the actual bandwidth and time period used for D2D。
- CDF of D2D user throughput
- The impact of D2D communications on cellular communications. The system performance with and without D2D communications should be evaluated. In “with D2D communication”, both D2D communications and cellular communications are turned on.  Whereas in“without D2D communications”, only cellular communications is turned on, yet the contents are all generated by and destined at UEs in the system. In this case, to account for the resource inefficiency of using cellular UL and DL to transmit the same packet between two UEs, a penalty factor β can be added:
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where 
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is denoted as spectrum efficiency in “without D2D communications” case and the same packets are counted once. When the number of UE antenna is 1 and eNB antennas is 4, β is roughly 0.56 for full-buffer data traffic.
Proposal 9：With network coverage, the performance metric should include average spectral efficiency, CDF of the spectral efficiency and the impact on cellular communications.
5. Conclusions
Simulation scenarios and methodology for D2D discovery and communication were discussed. Considering the special characteristics of D2D and to maximally reuse the simulation set up in Release 11, we propose the following:
Proposal 1: General scenarios for public safety/non public safety with network coverage should be the priority.

Proposal 2:  Key performance metrics for D2D peer discovery should include the overhead, efficiency, coverage range, and power consumption, under different UE densities.

Proposal 3:  first to study one-to-one type of D2D communications.
Proposal 4: to reuse the network layout and UE dropping rules in [2] when the network coverage is available. To pair D2D UEs based on certain probability and discovery range. FFS for without network coverage scenario.

Proposal 5：in the initial evaluations with network coverage, each UE is either in cellular communications, or in D2D communications, but not both.
Proposal 6：first to evaluate co-channel deployment for non-public safety scenario. 

Proposal 7：In the case of co-channel deployment，to use UL resources for D2D communications. 
Proposal 8： centralized and semi-centralized resource scheduling  can be used when the network coverage is available.
Proposal 9：With network coverage, the performance metric should include average spectral efficiency, CDF of the spectral efficiency and the impact on cellular communications.

References

[1] 3GPP TR 22.803, Feasibility study for Proximity Services (ProSe).

[2] 3GPP TR 36.814 V9.0.0, Further advancements for E-UTRA Physical Layer Aspects”.

[3] 3GPP R1-130794, Summary of device to device proximity service session, Ad-hoc chairman.

[4] 3GPP R1-130133, Evaluation methodology for D2D discovery, ZTE.

[5] 3GPP R1-130411, Evaluation methodology and channel model for D2D proximity services, NTT DOCOMO.

[6] 3GPP R1-130599, D2D deployment and performance evaluation, Qualcomm Inc.

[7] 3GPP R1-130501, On LTE D2D Methodologies and metrics, Nokia, Nokia Siemens Networks.

[8] 3GPP R1-130502, LTE Device to device proximity services – Deployment scenarios, Nokia, Nokia Siemens Networks.

_1426530603.unknown

_1426530607.unknown

_1426530609.unknown

_1426530611.unknown

_1426530613.unknown

_1426530614.unknown

_1426530612.vsd

_1426530610.unknown

_1426530608.unknown

_1426530605.unknown

_1426530606.unknown

_1426530604.unknown

_1426530598.unknown

_1426530600.unknown

_1426530602.unknown

_1426530599.unknown

_1426530596.unknown

_1426530597.unknown

_1426530595.vsd
General use cases


Specific use cases


Within network coverage


Without network coverage


Non public safety


Public safety 



