
3GPP TSG RAN WG1 Meeting #72bis

                                                       R1-130992
Chicago, USA, 15th – 19th April, 2013
Source:
CATT
Title:
On the evaluation methodology for D2D: scenario and performance metrics
Agenda Item:
7.2.7
Document for:
Discussion and Decision

1. Introduction
In RAN1 #72 meeting, working assumption as below has been agreed:

· 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

Also there are suggestions to this 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 this contribution, target and evaluation scenarios for D2D proximity services are categorized. Particularly, scenarios and relative evaluation methodology are detailed with recommendations. Also, performance metrics of D2D discovery and direct communication are discussed and suggested respectively. 

2. Discussion
2.1. D2D scenarios and relative evaluation methodology
From last RAN1 meeting discussion, a number of scenarios for D2D proximity services are proposed, according to requirements and/or recommendation from SA1[1], D2D SID[2] and other past and ongoing SI/WI, such as HetNet[4], eIMTA[6] and Small cell enhancement[7]. There are two categories of scenarios for study: target scenario and evaluation scenario. 
2.1.1
Target scenarios for D2D proximity services

Target scenarios should follow requirements of D2D SID. They are for further research considering use cases and requirements in SA1, and subsequent investigation on techniques. Solutions from this SI are actually aiming at target scenarios.  Then it is quite clear from D2D SID, target scenarios are:
· TSc1:Discovery for non public safety and public safety service within network coverage

· TSc2:Discovery for public safety service outside network coverage

· TSc3:Direct communication for public safety and non public safety* service within network coverage

· TSc4:Direct communication for public safety outside network coverage

* Non public safety is not explicitly required in SID in this target scenario. However from the ongoing SA2’s parallel WI, it seems included without controversy.
2.1.2
Evaluation scenarios for D2D proximity services

In order to evaluate performance of target scenarios w/o existing or proposed techniques, and subsequently investigate and decide corresponding solutions, it is necessary to establish proper evaluation scenarios. Those evaluation scenarios need to satisfy the requirement of performance evaluation for target scenarios that is reflected as the performance metrics. It is found that some performance evaluations are common for different target scenarios, and hence evaluation scenarios can be reused for more than one target scenarios. For common characteristics and reduced evaluation complexity, the number of evaluation scenarios can keep few while keeping work load not so high. 
The detailed D2D evaluation scenario definitions include deployment scenarios, devices placements and other related parameters such as UE max power class and carrier frequency. In this section, deployment scenarios are discussed while others are summarized in section 2.1.3.
Deployment scenarios consider the aspects of environments, network layout and node placement.
· Environments

Usual environments for evaluation, according to [4], include indoor, urban (UMi and UMa), suburban and rural. They stand for different coverage and typical channel characteristics. 
Within network coverage, TSc1 and TSc3, urban deployment covers most of D2D use cases, while it can also include all D2D link models: outdoor-outdoor, outdoor-indoor, indoor-indoor, and all possible interference links:  cellular-D2D, D2D-D2D. UMi and UMa have different coverage (200m and 500m ISD) and UE speed (3km and 30km). With low UE speed at the first stage evaluation (a must-be evaluation), both UMi and UMa can be evaluated. Deployment of indoor is also an important practical scenario since more and more devices communicate within buildings. However it is still questioned whether D2D can provide obvious performance gain but not interference or resources loss when indoor hotspot node or femto are meanwhile located and provide short-distance service. Unless operators have strong requirements, there should be a lower priority for this deployment scenario. 
Outside network coverage, TSc2 and TSc4, rural is a typical deployment scenario. It is reasonable because it lacks of network coverage in rural areas and need to provide regular or emergent public safety service by D2D. Also, there could be some indoor cases, such as coverage black hole, suitable for these two TSc.
· Network layout

For evaluating and easily comparing performance of overall system w/o D2D, traditional hexagonal grid with 19 sites wrap around can be deployed. If purely indoor deployment is considered, layout of floor is also needed.
· Node placement

Heterogeneous Network (Het-Net) deployment has been/will be evaluated by a number of SI/WI. However, it is noted that it is more important to observe the performance of device-device link, but not node-device or node-node as other SI/WI may focus on. 
Because of a number of low power nodes overlapped macro area, interference scenarios become more complicated. With possibly closer nodes, D2D link communication may not really provide performance gain obviously. 

Furthermore, Het-Net deployment introduces more complexity for evaluation since there could be more D2D pairs located at two sides of the cell edge. The performance should be analyzed for this case, particularly when it often happens, e.g. in dense deployed Het-Net. However, considerations for such evaluation and analysis are more on the workable supporting manner, procedure delay and relative techniques. They will become a further enhancement for D2D, and additional link level evaluation is expected to be sufficient. So it is suggested that Homogenous Network applying D2D should be emphasized firstly to identify D2D’s benefit and then Het-Net is considered for any complementary evaluation, e.g. interference evaluation. 
2.1.3
Evaluation methodology

Devices placements and other related parameters such as UE max power class and carrier frequency are more specific for D2D evaluation. Channel model is also an important aspect, particularly for device-device link, which is detailed in [8].
· Device placement

· D2D link model: under deployment scenario of urban (UMi and UMa), all links can be included: indoor –indoor, indoor A – indoor B (A and B are different buildings), outdoor-outdoor, and outdoor-indoor. 
· Device density and Sparse or dense D2D: it is considered more UEs when evaluating D2D discovery than that of D2D communication, since more idle UEs are included in D2D discovery. Although there would be cases that direct communication is established without discovery procedure, it is more typical to redeem the number of UEs for D2D direct communication is a portion of the number for UE D2D discovery. Following the UE density defined in 36.814[4] and small cell SI[9], a density table is suggested as below, where UE are distributed uniformly or clustered to emulate practical world, such as  for normal social/gaming usage and for dense commercial area.
Table 1 Device density and Sparse or dense D2D
	D2D category
	Nusers
	RD2D-enabled
	Nuniform
	Ncluster(dense)
	Ncluster(sparse)

	D2D discovery
	60
	5/6
	1
	1,2
	4

	D2D direct communication
	30
	1/3
	
	1*
	2

	
	
	2/3
	
	1
	2,4



Nusers represents the number of total users within each macro geographical area, where 
Nusers is 60 for evaluating D2D discovery, and 30 for evaluating D2D direct communication. 
· When D2D UEs are randomly and uniformly dropped within macro geo-area, Nuniform takes value of 1 and the evaluated D2D-enabled UEs are ND2D = Nusers·RD2D-enabled/Nuniform. The number of evaluated D2D-enabled UE pairs is ND2D/2.
· When D2D UEs are randomly and uniformly dropped within a certain radius of cluster, ND2D-cluster = Nusers·RD2D-enabled/ Ncluster for each cluster. The number of D2D UE pairs per cluster is ND2D-cluster/2.
· The centers of clusters are randomly and uniformly dropped within each macro geo-area. The radius can be defined as the supported distanced expected in D2D, e.g. 100m. 
Note that when evaluating D2D discovery, there is no cellular communication at D2D-enabled UEs for simplicity. 

The above defines device density and sparse or dense D2D cases within coverage. They can also be reused for the case of outside network coverage. Since there is no network coverage, edge of evaluating area when D2D UEs are dropped uniformly should be defined, e.g. the same as that of rural area. However this case is not so practical that there is a large area with the same distribution UEs, but without any coverage. * in Table 1 is a more typical case where a single cluster emulating an incident area outside network coverage.
· Modeling D2D communication link:  in practical, D2D communication link is usually established by a complete and successful discovery procedure. This way is accurate and unfortunately much complicated. To simplify evaluation, a D2D UE pair can be dropped with a limitation of mutual distance/path loss [5], where the first UE is located in macro geo-area or in cluster areas uniformly and the second is uniformly dropped within an circle with a certain distance as its radius [10]. Other macro UEs can be dropped randomly and uniformly in the macro geo-area. 
· Other evaluation parameters
· UE max power/range class: considering SA1 requirements [2] and environments of deployment scenarios in section 2.1.2, low, medium and high UE max power classes should be defined according to short, medium and large range, e.g. 20, 23, 30dBm as [11]suggested.
· Carrier frequency: special carrier for public safety, e.g. 700MHz is allowed in some countries. It is necessary in some cases, using different carriers to avoid any interference within network coverage and keep workable outside network coverage. The results seem obvious and evaluation is not really necessary unless we need an upper-bound for comparison within NW coverage or only apply it outside NW coverage. 
· Bandwidth: there could be a different bandwidth from system bandwidth for D2D discovery, depending on technique adopted. It can be studied further. 
·  Resource utilization: both FDD and TDD carrier are supported. There should be no difference for evaluation except for overhead and resource assumption.
· UE velocity: at the preliminary evaluation stage, low UE velocity, e.g. 0-3km/h should be evaluated.
· Synchronization: at the preliminary evaluation stage, network synchronization should be assumed.
From all of the contents in section 2.1, it is found that for most of cases, non-PS and PS have general scenario to evaluate, also for D2D discovery and communication. There can be an additional scenario and device placement for PS & outside network coverage according to practical use case. A basic list for evaluation is given in Table 2 and Table 2a as suggestion for at least first stage evaluation of D2D proximity service. 

Table 2 Basic list of scenarios and parameters for evaluation
	Aspects
	Scenarios and parameters
	Detailed suggestion

	Deployment
	Environments
	Urban-UMi

	
	
	Urban-UMa

	
	Layout
	Hexagonal grid, 19sites

	
	Node placement
	Homogeneous NW

	Device placement
	D2D link model
	Indoor-indoor

	
	
	Outdoor-indoor

	
	
	Outdoor-outdoor

	
	
	Indoor A – Indoor B

	
	Device density
	60 UEs for D2D discovery evaluation (details in Table 1)

	
	
	30 UEs for D2D direct communication evaluation (details in Table 1)

	
	Sparse or dense D2D
	Uniform(details in Table 1)

	
	
	Clustered(details in Table 1)

	
	Modeling D2D communication links
	A certain distribution of the distance between D2D UEs in one pair

	Others
	UE max power class
	low(20dBm), medium(23dBm), high(30dBm)

	
	Carrier frequency
	Co-channel

	
	Resource utilization
	Both FDD and TDD supported

	
	UE velocity
	0-3km/h

	
	Synchronization
	NW synchronization assumed


Table 2a Additional scenario for outside network coverage
	Aspects
	Scenarios and parameters
	Detailed suggestion

	Deployment
	Environment
	Rural

	Device placement
	Device density and Sparse or dense D2D
	Uniformly in a single incident area, e.g. “*”in  Table 1

	All others
	The same as Table 2


The evaluation scenarios for the preliminary stage evaluation are suggested as:

· ESc1: UMi/UMa Homogenous Network with uniformly distributed D2D-enabled UEs

· ESc2: UMi/UMa Homogenous Network with sparse/dense clustered distributed D2D-enabled UEs 

· ESc3: Rural with a single clustered D2D-enabled UEs (outside NW coverage)

UMi/UMa Het-Net with D2D-enabled UEs can be a complementary scenario for further evaluation after identifying D2D performance gain.

2.2. Performance metrics

2.2.1
D2D discovery

Different from using existing performance metrics in [4] and other SI/WIs, performance of proximity discovery has never been formulated. The main object for discovery evaluation requires discovery procedure and results are reliable, saving-power, spending short time, and little impact to cellular system. With those in mind, there is a table summarizing necessary performance metrics.
Table 3 Suggested performance metrics for D2D discovery
	Simulation type
	Category
	Performance metrics
	Note

	Link level simulation
	Discovery error probability
	discovery error probability against SNR
	This metric is input to system level simulation

	System level simulation
	Latency and reliability
	CDF of devices discovered against time
	95%, 50% devices discovered against a certain time can be achieved

	
	
	Discovery time for 95% devices discovered against range
	Relationship between discovery time and range when 95% devices are discovered

	
	
	Synchronization time/accuracy
	For PS scenarios only

	
	Power
	D2D discovery power consumption during a certain time
	Calculating UE power consumption only

	
	WAN impact
	Performance loss of cellular systems w/ D2D link
	Comparison baseline is cellular systems w/o D2D link


2.2.2
D2D direct communication

With regard to D2D direct communication links performance, a number of traditional metrics are still valid and useful. Details of suggestions are listed in Table 4.
Table 4 Suggested performance metrics for D2D direct communication
	Simulation type
	Category
	Performance metrics
	Note

	System level simulation
	Capacity 
	D2D and system throughput
	Communication range, D2D resources are needed as evaluation parameters  

	
	
	D2D and system Spectral Efficiency
	

	
	WAN impact
	Throughput loss of cellular systems w/ D2D link
	Comparison baseline is cellular systems w/o D2D link

	
	Power consumption
	D2D communication power consumption during a certain time
	Calculating UE power consumption only 


2.2.1 Target scenario
There could be more performance metrics for D2D discovery and direct communication. Some of them are actually another form of a certain performance metric listed in Table 3 and Table 4 and others can become a necessary parameter for evaluation according to those metrics.  They can be captured with further explanation or as a requirement. 
3. Conclusion 

In this contribution, target scenarios and evaluation scenarios are distinguished. Evaluation scenarios, related parameters for evaluation methodology, additional outside NW coverage scenario, and performance metrics for D2D discovery and direct communication are discussed. Relative suggestions are summarized in Table 1-4. 
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