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1 Introduction

In RAN#72bis, D2D deployment scenarios and evaluation methodology were agreed for both general and public safety systems.  Simulation parameters for common deployment scenario for general and public safety systems and another specific scenario for public safety systems were specified.   The performance metrics for D2D discovery and communication were also agreed in RAN1#72bis.  This paper discusses the open issues in the deployment scenarios and evaluation methodologies and performance metrics for D2D discovery and direct communication.  
2 Remaining Issues of Deployment Scenarios and Evaluation Methodology
D2D deployment scenarios and evaluation methodology were agreed in Table 1 with a few simulation parameters FFS.  UE pairings or association for different use cases were agreed in Table 2.   The remaining parameters in the evalution methodology and UE association are discussed as follows,

· System BW for public safety – In USA, FCC assigned lower half of the 700 MHz Public Safety Band (763-768/793-798 MHz) for broadband communications. FCC also consolidated existing narrowband allocations to the upper half of the 700 MHz Public Safety block (769-775/799-805 MHz).  One megahertz guard band (768-769/798-799 MHz) is placed between the public safety broadband and narrowband segments to minimize the interference between broadband and narrowband spectrum.  The evaluation of public safety systems should be based on 5 MHz FDD system.

Proposal 1: 5 MHz BW is used for public safety scenarios. 

· Network operation – a number of eNBs are disabled in the evaluation for the scenarios in which some or all devices are out of network coverage.   For simplicity, the number of disabled eNBs should be deterministic.  For the scenario of out of network coverage, 100% of eNBs are disabled.  For the scenario of fractional network coverage, we propose to have 50% of eNBs disabled.

Proposal 2:  100% eNBs are disabled for the out-of coverage scenario and 50% eNBs are disabled for the fractional coverage scenario.  

· UE out of coverage criterion – The performance requirement of -6 dB for UE cell search should apply.

Proposal 3:  The criterion of determine UE out of coverage should be set at -6dB 

· UE mobility – Additional speeds were proposed for UE mobility.    Since the speed is only used for fading generation and not used in actual modeling of UE mobility, the mostly likely scenario for D2D communication is when UEs are stationary.  Thus, 0 km/h should be considered as additional speed for UE mobility.
Proposal 4: Additional UE speed for evaluation is 0 km/h.
· Emission Mask – In-band interference modeling was discussed in [9].  In-band interference occurs in most TDD systems, in particular in the TDD eIMTA.   The general effect of in-band interference in D2D should not be as strong as that in TDD eIMTA.   For simplicity, emission mask is not essential to be modeled in D2D.   

Proposal 5: Explicit modeling of emission mask for D2D is not needed.    
· Total number of active UEs per cell area – Total number of active UEs per cell area includes D2D UEs and network access UEs.   Some D2D UEs would be modeled to have concurrent access to the network.  In order to compare the system performance with D2D communication features, total number of active UEs should be same as those used for LTE-A evaluation, which is 10 UEs per cell for Homogeneous network and 25 UEs per cell for HetNet.  
Proposal 6: total number of active UEs should be same as those used for LTE-A evaluation, which is 10 UEs per cell for Homogeneous network scenarios (scenarios 3,5,6) and 25 UEs per cell for HetNet (scenarios 1,2,4).  
· Number of D2D UEs for discovery – In order to get confident statistics of the number of discoverable UEs in the evaluation of D2D discovery performance, the number of D2D UEs for discovery should be relatively larger than active UEs in the system.   The number of D2D UEs for discovery is proposed to be 3 times as the number of active UEs for each scenario.  
Proposal 7: Number of D2D UEs for discovery is proposed to be 3 times the number of active UEs.  
· Number of D2D UEs for Communication – the number of UEs for D2D communication depends on use cases.  For the use cases of network assisted D2D, the network will determine if D2D is a viable and better option compared to communication through the LTE network.   Thus, the fraction of D2D UEs over active UEs is much smaller.   For the use cases of open discovery, number of D2D UEs for communication might be slightly higher than that of network assisted D2D.   
Proposal 8: D2D UEs for communication are 40% of active UEs for the use cases of open discovery.  The number of D2D UEs for communication in the network assisted D2D communication should be determined by scheduler strategy.  
· Non-D2D traffic for D2D UEs – It is very rare for any UEs to have concurrent communication through a D2D link and a network access link.   Thus, we propose to have 10% of D2D UEs for communication with concurrent communication through the LTE network.
Proposal 9:  10% of D2D UEs have additionally some non-D2D traffic.  
· RSRP threshold for UE association – RSRP threshold is used to determine the UE pairing for D2D communication.   When devices are out of network coverage, the RSRP threshold should be set to the minimum detectable value to allow any UEs to communicate with each other.  When devices are within network coverage, the network will determine the best option between D2D communication and communication via network access.  Thus, the RSRP threshold for UE association should be left to scheduler strategy.  
Proposal 10: The RSRP threshold for UE association for unicast, groupcast, broadcast, and relay should be unspecified.  The RSRP threshold used for UE association should be specified in the simulation assumption when D2D system performance is shown.  
· Number of receiving UEs for groupcast – For simplicity, the number of receiving UEs for groupcast is 3.   
Proposal 11:  The number of receiving UEs for groupcast is 3.  
· Number of receiving UEs for broadcast – number of receiving UEs for broadcast should not be determined by the outcome of simulation based on the minimum RSRP threshold for UE association.  
Proposal 12:  The number of receiving UEs for broadcast should be determined during simulation.  
	
	General Scenarios
	Public Safety Scenarios

	LTE Layout 
	Option 1: Urban macro (500m ISD) + {1} RRH/Indoor Hotzone per cell
Option 2: Urban macro (500m ISD) + {1} Dual stripe per cell

Option 3: Urban macro (500m ISD) -- all UEs outdoor 

Option 4: Urban macro (500m ISD) + {3} RRH/Indoor Hotzone per cell
Option 5: Urban macro (1732m ISD) (UE dropping details FFS)

Option 6: Urban micro (100m ISD)


	
	Option 1 (mandatory)

optional in order of decreasing priority:

Option 2 / Option 3

Option 4

Option 6
	Option 5 (mandatory) 

Others optional in order of decreasing priority: 
Option 3 

Option 1 

	Carrier Frequency*
	2GHz 
	 700 MHz 

	System BW
	10MHz (FDD), 20 MHz (TDD) ** 
	FFS 

	Network Operation
	100% eNBs enabled 
	0, x (FFS)}%  eNodeB enabled( x may be 100%) 

FFS disabled eNBs are selected randomly or deterministically

	UE out of coverage criterion
	
	Average SINR < {-x (-6dB working assumption – can be revisited at RAN1#73)} dB over system bandwidth. 

	UE mobility
	{3,X} km/hr 
	120 km/hr for {x} fraction of outdoor UEs

{3,X} km/hr for other UEs 

	UE RF parameters
	· Max Tx power  23 dBm 

· 1 Tx 2 Rx antenna, 

· Antenna gain 0 dBi,

·  Noise figure 9 dB 
	· Max Tx power 23 dBm, 31 dBm 

· 1 Tx (2 Tx optional), 2 Rx antenna

·  Antenna gain 0 dBi 

·  Noise figure 9 dB 

	eNB RF parameter
	3GPP case 1 
	3GPP case 1 (case 3 for option 5) 

	Network Synchronization 
	With equal priority: 

· all eNodeBs synchronized

· eNodeBs on different carriers not synchronized

· eNodeBs on a given carrier not synchronized 

	Traffic model 
	Full buffer or FTP-2 in 36.814 

	Emission mask 
	FFS under what circumstances (if any) this is needed; if needed, as per 36.101 s.6.5.2.3 

	Total number of active UEs per cell area
	FFS 
Starting point: 
25 for options 1,2,4
10 for options 3,5,6

	Number of D2D UEs for discovery
	FFS 

	Number of D2D UEs for communication
	FFS 

	Minimum distance between UE and eNB 
	>=35m (except for Option 6  is 5 m) 

	Minimum distance between UEs 
	>= 3m 

	UE drop for all UEs, for both discovery and communication evaluations 
	For Layout option 1,2, 4:- 2/3 UEs randomly and uniformly dropped within the clusters of small cell(s), 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 
a) 20% UEs are outdoor and 80% UEs are indoor. 
For Layout option 5, UEs randomly and uniformly dropped throughout the macro geographical area; 20% UEs are outdoor and 80% UEs are indoor. Drop 2 RRH buildings (without RRHs) in each macro geographical area. 
For Layout option 3, 5, 6 – 
a) Uniform drop - all UEs are randomly and uniformly dropped throughout the macro geographical area 
b) Hotspot drop – Randomly select an area within each macro geographical area.  Randomly and uniformly drop 2/3 UEs within 40 m of the selected area.  Randomly and uniformly drop the remaining 1/3 UEs to the entire macro geographical area of the given macro cell 

	Non D2D traffic 
	a) With probability {X}, a D2D UE has non D2D (downlink & uplink) traffic.
b) WAN traffic is FTP2 


Table 1:  Simulation parameters for D2D discovery and communication
	
	General Scenarios 
	Public Safety Scenarios 

	UE association for unicast D2D communication 
	Random pairing: First UE is randomly selected from all UEs within entire 19/7 macro sites and 2nd UE is randomly selected from the remaining UEs within entire 19/7 macro sites  
2nd UE will be re-selected with constraint of minimum RSRP between two UEs if RSRP is less than X dBm (FFS; in the meantime, companies may choose the value, including -( )  when UE is transmitted at maximum power 

	UE association for group cast D2D communication 
	N/A 
	Random pairing: First UE is randomly selected as the UE for group cast from all UEs within entire 19/7 macro sites 
 All Y number of receiving UEs are randomly selected from the remaining UEs within entire 19/7 macro sites  
· FFS-Number of receiver UEs “Y” 
· UEs will be re-selected  with constraint of minimum RSRP between two UEs if the RSRP is less than X dBm (FFS; in the meantime, companies may choose the value, including - () when UEs are transmitted at maximum power 

	UE association for broadcast D2D communication  
	N/A 
	Random pairing: First UE is randomly selected as the UE for group cast from all UEs within entire 19/7 macro sites 
 All Y number of receivier UEs are randomly selected from the remaining UEs within entire 19/7 macro sites  
· FFS: Number of receiver UEs “Y” 
· UE will be re-selected  with constraint of minimum RSRP between two UEs if the RSRP is less than X dBm (FFS; in the meantime, companies may choose the value, including - () when UE is transmitted at maximum power 


Table 2: Simulation parameters for device pairing for different deployment scenarios
3 Remaining issues on Performance Metrics
Performance metrics for D2D discovery and communication were agreed in RAN1#72bis as shown in Table 3 and Table 4 respectively.   There are two open issues.  One is the impact to the LTE network and the other is the modeling of UE power consumption for D2D discovery and communication.

· Impact to the LTE networks – the amount of resource used for D2D discovery is considered as overhead in the system level simulation.   In the system level simulations, the control channel and reference signal overhead are modeled as a fixed overhead as a percentage of total resource.   The additional resource used for D2D discovery could be modeled as an additional percentage of overhead used for D2D communication and LTE network communication.   Since D2D discovery would not be simulated together with D2D communication, D2D communication would not include D2D discovery overhead.  The impact of D2D discovery on the system performance could be simply computed as the percentage of total throughput from D2D communication system level simulation.  

Proposal 13: The impact of D2D discovery to the system performance could be simply computed by the percentage of total throughput from D2D communication system level simulation.  

· Modeling of power consumption for D2D discovery and communication - If power control is performed at the UE for LTE network access or D2D discovery and communication, the fractional power used for D2D discovery and communication averaged over all time could be modeled as the power consumption.   
Prospoal 14:  The fraction of power used for D2D discovery and communication averaged over all time could be modeled as the power consumption.   

Metrics for Discovery:
	Aspect
	Metrics*

	Performance target
	Open discovery:

· Number of UEs discovered as a function of time (system)
· CDF of number of UEs discovered as a function of  time (system)
Closed discovery (i.e. knowing the UEs to be discovered):

· Probability of discovery as a function of time (assume zero time penalty for each false alarm)

(Time measured from start of simulation without prior synchronisation)

	Range & reliability
	Prob. of discovery vs pathloss (link & system) 
Prob. of false alarm (link & system)

	Impact on WAN
	Amount of resource used (system) (per cell if in network coverage)

FFS metrics related to throughput loss and/or interference

	Power
	Power consumption modeled through ON time or equivalent power consumed (transmit power should be captured differently than received power --detailed model FFS)


*Same metrics used for in-network, partial network and out of network with possible different emphasis

*Same metrics used for public safety and non-public safety cases with possible different emphasis.

Table 3: Performance matrix for D2D discovery
Metrics for Communication:
	Aspect
	Metrics*

	D2D Throughput

/spectral efficiency 
	User throughput (mean, 5%, CDF) for full buffer (system) Perceived user throughput (mean, 5%, CDF) for FTP (system)
VOIP system capacity (system) (VOIP delay requirement {X}ms)

	Range and Reliability
	Performance** vs pathloss or distance (link and system)
For link level, use only full buffer

	 Call setup latency
	Phy. layer latency for call setup for out of coverage only (link and system) 
(This should only model L1 related aspects; higher layer aspects should be considered in RAN2)

	Impact on WAN
	Change in cell throughput/cell spectral efficiency (system)
Cdfs of perceived per-user throughput for FTP2 with and without D2D

	Power consumption
	Power consumption should be modelled; detailed model is FFS 


*Same metrics used for in-network, partial network and out of network

*Same metrics used for public safety and non-public safety cases with possible different emphasis.

*Same metrics used for unicast, groupcast and broadcast with each receiver counted separately

** Performance means throughput, perceived throughput, prob. of satisfied VOIP user depending on traffic  model

Table 4: Performance matrix for D2D communication
4 Conclusions

In this paper, we discuss the remaining issues of deployment scenarios and evaluation assumption for D2D discovery and communication.   We propose  

· Proposal 1: 5 MHz BW is used for public safety scenarios. 
· Proposal 2:  100% eNBs are disabled for the out-of coverage scenario and 50% eNBs are disabled for the fractional coverage scenario.  
· Proposal 3: :  The criterion of determine UE out of coverage should be set at -6dB  

· Proposal 4: Additional UE speed for evaluation is 0 km/h.

· Proposal 5: Explicit modeling of emission mask for D2D is not needed.    

· Proposal 6: total number of active UEs should be same as those used for LTE-A evaluation, which is 10 UEs per cell for Homogeneous network scenarios (scenarios 3,5,6) and 25 UEs per cell for HetNet (scenarios 1,2,4).  

· Proposal 7: Number of D2D UEs for discovery is proposed to be 3 times the number of active UEs.       

· Proposal 8: D2D UEs for communication are 40% of active UEs for the use cases of open discovery.  The number of D2D UEs for communication in the network assisted D2D communication should be determined by scheduler strategy.  

· Proposal 9:  10% of D2D UEs have additionally some non-D2D traffic.  

· Proposal 10: The RSRP threshold for UE association for unicast, groupcast, broadcast, and relay should be unspecified.  The RSRP threshold used for UE association should be specified in the simulation assumption when D2D system performance is shown.  

· Proposal 11:  The number of receiving UEs for group cast is 3.  

· Proposal 12:  The number of receiving UEs for broadcast should be determined during simulation.  
We also discuss the remaining issues of performance matrices for D2D discovery and communication.  We propose
· Proposal 13: The impact of D2D discovery to the system performance could be simply computed by the percentage of total throughput from D2D communication system level simulation.  
· Proposal 14:  The fraction of power used for D2D discovery and communication averaged over all time could be modeled as the power consumption.   
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