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1
Introduction
In RAN1#72 meeting, we discussed about the evaluation scenario for D2D ProSe and we have reached the following agreements.
Working assumption:
· 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
Observation:
· Encourage companies to the next meeting 
· to propose very few deployment scenarios, requirements, and performance metrics reflecting recommendation from SA1 and other WGs
· to try to provide a possibility to reuse existing 3GPP deployment scenarios
In line with the study item description [1] and the above agreements, both the general network coverage scenario and out of network coverage scenario should be clearly defined. This document discusses the general D2D evaluation methodology focusing on network coverage scenario. This document will include the discussion on deployment scenarios, performance metrics, and other evaluation assumptions.
2
Discussion of evaluation methodology for network coverage scenario
Through the feasibility studies of the previous LTE-advanced study items, various deployment scenarios have been discussed for the evaluation of the newly proposed features. This section discusses how much we can reuse the existing evaluation scenarios for D2D evaluation, what would be different from the previous methodologies, and what is additionally required for D2D evaluation work focusing on inside network coverage scenario.
2.1
D2D deployment scenarios
General urban macro scenario has to be evaluated at least for public safety use case inside network coverage. As far as the non public safety (commercial) use case is concerned, D2D services are beneficial for the high user density scenario such as indoor hotspot model. Therefore we also consider the indoor scenario for D2D evaluation inside network coverage. For indoor scenario, we choose dual strip model which reflects indoor UEs realistically. Table 1 summarizes possible layouts and radio links for the D2D evaluation scenarios. We reuse existing 3GPP deployment scenarios in TR36.814 [3] as much as possible.
As shown in Table 1, urban macro scenario could be a baseline model with all outdoor UEs. In order to reflect the dense environment, we can consider the dual strip model dropped inside the macro cell. Rather than directly considering indoor models added in the macro scenario, we propose to consider urban macro scenario with all outdoor UEs first and then add the indoor UEs in dual strip model. Such a step-by-step approach will speed up the evaluation phase.
Proposal
· Urban macro-cell possibly with dual-strip model is proposed for D2D deployment scenarios in network coverage
· Initial evaluation starts by focusing on a simple urban macro scenario with all outdoor UEs
Table 1: D2D ProSe deployment scenarios (within the network coverage)
	Deployment scenario for the evaluation
	Urban Macro Scenario
	Indoor scenario

	Layout
	
[image: image1.emf]
Hexagonal grid, 19 cell sites, 3 sectors per site, wrap around 
(considering macro model in 36.814)
	[image: image2.emf]
Dual-strip model containing two buildings with 2 floors. Each building contains 20 rooms of 10 m x 10 m each floor 
(considering HeNB model in 36.814)

	Inter-site distance (ISD)
	200m, 500 m 
(considering UMi, UMa in 36.814)
	N.A.

	Non-D2D link model
	outdoor to outdoor
	Indoor to outdoor

	D2D link model
	Outdoor to outdoor
	Indoor to outdoor
Indoor A to indoor A
Indoor A to indoor B


2.2 
Performance metrics
To compare different technical schemes to realize device to device proximity services, appropriate performance metrics and relevant performance targets have to be defined. This section will discuss the possible performance metrics for ProSe Discovery and Direct communication for network coverage D2D scenario. Reflecting the agreements in last RAN1 meeting, we list possible performance metrics and relevant requirements defined in SA1 TR [2] if there are any.
For ProSe discovery
· Discovery range: As given in the requirements, there could be different range classes for peer discovery. We may need to evaluate whether the require range class is satisfied for a given D2D discovery scheme.
· Power consumption and spectral efficiency: Resource utilization issue and UE power consumption should be evaluated in line with the SA1 requirement. How to define the measure of the power consumption is FFS.
· Number of discoverable UEs: The number of UEs that can be discovered by a UE at a given target range is an appropriate metric for the discovery category. There are some use cases that see high benefits when a device discovers as many devices as possible, e.g. smart parking meter use case as defined in [2]. The required amount of time-frequency resources and required time budget should be discussed together. 
· Link reliability: False alarm and missing rates of the discovery signal has to be evaluated since those rates may result in unnecessary UE behavior and corresponding system performance degradation.

Table 2: Metric for the peer discovery and the related SA requirements
	Metrics
	Related requirements in TR22.803

	Discovery Range
	[PR.4] ProSe Discovery shall support a minimum of three range classes – for example short, medium and maximum range.

	Power consumption and spectral efficiency
	[PR.7] The impact of ProSe Services (Discovery and Communications) on radio usage, network usage and battery consumption should be minimized.

	Number of discoverable UEs
	[PR.43] ProSe Discovery and Communication shall take into account the potentially large numbers of concurrently participating ProSe-enabled UEs.

	Impact to legacy services
	[PR.125] ProSe Communication and ProSe Discovery shall not adversely affect other E-UTRAN services.

	Link reliability
	No requirements


For ProSe direct communications
· Throughput: User throughput cdf has to be evaluated for ProSe direct communications for the spectral efficiency measure. Throughput should be compared between non-D2D scenarios and the scenario with D2D direct communication for demonstrating the benefits of D2D over non-D2D, as well as between D2D proposals. 
· VoIP system capacity: The most useful scenario for direct communication would be VoIP considering public safety requirements. Therefore VoIP capacity should be evaluated as well, e.g., possible number of VoIP links per cell and outage ratio.
Table 3: Metric for the direct communication and the related SA requirements
	Metrics
	Related requirements in TR22.803

	D2D throughput
	[PR.7] The impact of ProSe Services (Discovery and Communications) on radio usage, network usage and battery consumption should be minimized.

	VoIP system capacity
	[PR.43] ProSe Discovery and Communication shall take into account the potentially large numbers of concurrently participating ProSe-enabled UEs.

	Impact to legacy services
	[PR.125] ProSe Communication and ProSe Discovery shall not adversely affect other E-UTRAN services.


In addition to the quantitative evaluation metrics given above, we also have to analyze the impact of D2D discovery or communication on legacy UEs. D2D ProSe will be in essence a non-backward compatible feature. Therefore, UEs from previous releases will not be able to see any benefits from D2D services. However, legacy UEs will be present in the D2D enabled networks, so any degradation to their performance should be carefully understood. 
Proposal 

· The following are the main evaluation metrics for D2D ProSe:

· For discovery: Discovery range, Power consumption and spectral efficiency, Number of discoverable UEs, Link reliability
· For direct communication: D2D throughput, VoIP system capacity
· The impact on the legacy UE performance should be taken into account as a part of the evaluation.

2.3
Other evaluation assumptions
Figure 1 is showing the possible D2D scenarios inside network coverage. This section discusses more specific issues to be considered for the D2D evaluation.
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Figure 1: D2D scenario inside network coverage

· UE dropping: Random dropping is most appropriate. For non-D2D evaluation, around 30 UEs are enough to be dropped per cell. However, for the evaluation of the D2D (at least for the peer discovery), we may need to drop more UEs in a cell to measure the enough number of discoverable UEs, e.g. 100 UEs per cell.
· Indoor dropping: A fixed number of dual strip models can be dropped per Macro cell. Uniformly random dropping is easily assumed.
· Network Synchronization and inter-cell operation: D2D service should be supported not only for UEs in the same cell (intra-cell) but for UEs in different cells (inter-cell) as shown in Figure 1. For the inter-cell D2D operation, we prefer to assume that eNBs are synchronized with each other. 
· Required D2D Resources: In FDD, there are three options for D2D resources: UL resources, DL resources, or mixed UL/DL resources. UL resource is preferred for D2D since there is less impact to legacy UEs in terms of interference. [5]
· Impact of D2D data to non-D2D data: To measure the impact of D2D data to non-D2D data, we need to model the interference from the D2D UE to eNBs (assuming that UL band is used for D2D). Desensing issue could be also considered for reflecting the realistic implementation.

· Impact of non-D2D data to D2D data: In contrast, the impact of non-D2D data to D2D data needs to be reflected in the evaluation as well.
· Number of Tx/Rx antennas at the UE: For simplicity, we can have the 1Tx-2Rx case as a baseline of the D2D link. Whether to consider 2Tx-2Rx is FFS.
· There still are many open issues left for the evaluation methodologies. We may study them further after the discussion of the main scenarios.
3   Summary of the D2D evaluation methodology for in network coverage scenario
Table 4: Summary of the D2D evaluation assumption
	Deployment scenario for the evaluation
	Urban Macro Scenario
	Indoor scenario

	Layout
	
[image: image4.emf]
Hexagonal grid, 19 cell sites, 3 sectors per site, wrap around 
(macro model in 36.814)
	[image: image5.emf]
Dual strip model containing two buildings with 2 floors. Each building contains 20 rooms of 10 m x 10 m each floor
(HeNB model in 36.814)

Dropped randomly in each cell

	Inter-site distance (ISD)
	200m, 500 m 
(considering Umi, Uma in 36.814)
	N.A.

	Non-D2D link model
	Outdoor to outdoor
	Indoor to outdoor

	D2D link model 

(each channel model should be defined separately)
	Outdoor to outdoor
	Indoor to outdoor
Indoor A to indoor A
Indoor A to indoor B

	System bandwidth
	10MHz

	Carrier frequency 
	2.0GHz

	Carrier number
	1

	Total BS TX power 
	46dBm

	UE TX power
	23dBm

	BS Antenna Height: 
	25m

	UE antenna Height
	1.5m

	D2D resource
	UL resource

	Number of D2D UEs
	Peer discovery: 20, 50, 100 UEs

Direct communication: 10, 25, 50 pairs of UEs

	Number of non-D2D UEs
	0, 10 UEs

	UE drop
	Uniformly random

	UE speed
	3Km/h

	Network synchronization
	Baseline is synchronized 

	UE antenna
	1Tx-2Rx


4   Conclusion

This contribution considered possible amendments to existing 3GPP simulation methodologies for the D2D in network coverage scenario. Based on the discussion above, we propose the following:

· Urban macro-cell possibly with dual-strip model is proposed for D2D deployment scenario
· Initial evaluation starts by focusing on a simple urban macro scenario with all outdoor UEs
· The following are the main evaluation metrics for D2D ProSe:

· For discovery: Discovery range, Power consumption and spectral efficiency, Number of discoverable UEs, Link reliability
· For direct communication: D2D throughput, VoIP system capacity
· The impact on the legacy UE performance should be taken into account as a part of the evaluation.

· Other evaluation assumptions are summarized in Table 4.
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