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1
Introduction
In the RAN#72bis WG1 meeting, several assumptions for deployment scenarios and performance metrics of LTE device to device (D2D) proximity services were agreed [8]. 
In this contribution, we propose further details and clarifications on the agreement. The contribution proposes:

· D2D channel models
· Deployment scenarios

· Addendums to deployment layouts

· A modification to UE drop 

· Parameter values that were noted as ‘FFS’ in the agreement [8]
· In-band emissions model for simulation study

· Performance metrics

· VoIP delay requirements for D2D communications
· Power consumption model to evaluate power impact due to D2D
2
Evaluation Assumptions
2.1 
Channel Models

We continue to support the way forward on D2D channel models that was put forward in the RAN#72bis WG1 meeting [5]. In particular, we propose to D2D channel models outlined in [6] as the preferred subset among the options listed in [5].
Proposal 1: Use D2D channel models proposed in [6].
2.2 
Deployment Scenarios

2.2.1 
Layout

We propose the following addendums to the agreement on deployment layouts [8]:

a. Specify that all deployment layouts are simulated with wrap-around enabled.

b. For D2D performance evaluation, small cell nodes (picos, femtos, etc.) should not be simulated. 

Regarding (a), we propose to explicitly specify that wrap around should be enabled in simulations of all layouts.
Regarding (b), we propose that for initial evaluation of D2D proximity services, small cell  nodes (e.g., picos, femtos, etc.) should not be dropped. Reuse of small cell deployments are only to enable clustered/indoor UE drops, and all WAN traffic is via the UE-to-eNB communication link. This simplifies the simulation study. 
Proposal 2: The following addendums to the agreement on deployment layouts: (a) specify that all deployment layouts are simulated with wrap-around enabled, (b) for D2D performance evaluation, small cell nodes (picos, femtos, etc.) should not be simulated.

2.2.2 
UE Drop 
We propose the following modification to the agreement on UE drop [8]:
· For layout options 1, 2, and 5 (with indoor-outdoor mix), 35% of the UEs are indoor and 65% are outdoor.
In our view, the proposed modification is necessary to allow for an adequate number of RRC_IDLE UEs to be dropped that engage in proximity services. 

The current agreement specifies 80% of the UE to be placed indoor. However, given the inter-UE distance constraint of >=3m, and the limited indoor area  for layout options 1, 2, and 5 (with InH), it is not possible to drop the required number of RRC_IDLE UEs (e.g., 500 per geographical macro cell) in reasonable simulation time. For example, for layout option 5 (with InH), the indoor area is limited by two RRH buildings per geographical macro cell, and hence only up to 120 UEs can be dropped per geographical macro cell in a reasonable simulation time (see Appendix A for further details). The proposed modification of 35% indoor UEs relaxes the bottleneck of high indoor UE density. 
Proposal 3: The following modification to UE drop is proposed: (a) for layout options 1, 2, and 5 (with indoor-outdoor mix drop), 35% of the UEs are indoor and 65% are outdoor.
2.2.3 
Number of UEs/links 

Table 2 lists the proposed parameter values related to UE drop and association.
Table 2: Proposed parameter values for number of UE/links

	Parameter
	Value

	Total number of active UEs per cell area*
	Layout
	UE drop
	Value****

	
	Option 1
	Indoor-outdoor mix**
	{15} + (#D2D UEs)

	
	Option 5
	Indoor-outdoor mix**
	{15} + (#D2D UEs)

	
	
	Uniform (outdoor)
	{10} + (#D2D UEs)

	
	For other layout options: FFS

	Number of D2D UEs for discovery per cell area*
	Layout
	UE drop
	Value

	
	Option 1
	Indoor-outdoor mix**
	{50, 150}

	
	Option 5
	Indoor-outdoor mix**
	{50, 75}

	
	
	Uniform (outdoor)
	{50, 100, 400}

	
	For other layout options: FFS

	Number of receiver UEs for broadcast and groupcast (Y)
	Groupcast: {5, 10}

Broadcast: {10,75} for uniform (outdoor) drop; {10} for indoor-outdoor mix drop.

	Number of D2D UEs for communication per cell area*
	Unicast: {5, 25} * 2

Groupcast: {2, 5} * Y

Broadcast: {2, 5} * (1+Y)

where Y is the ‘number of receiver UEs’ parameter listed above.

	Minimum RSRP constraint for UE association
	-97 dBm 


* Note that a cell refers to a sector of the geographical macro-cell (hexagon), and the usage is consistent with [2] and [8].
** With 35% UEs indoor, and 65% UEs outdoor
*** The total number of active UEs are written as ‘x’ + #(D2D UEs). Here ‘x’ are UE with only WAN traffic. D2D UEs are either D2D discovery or communication (unicast/groupcast, broadcast) UEs for D2D discovery or communication simulations, respectively. Further, note that total UEs with WAN traffic are ‘x’ + certain D2D UEs with simultaneous WAN traffic as specified by the ‘Non D2D traffic’ parameter.

The rationale for various parameters values proposed in Table 2 is per the following viewpoints:
· Simulation time: Given the constraints of the inter-UE distance (>=3m) and the UE dropping procedure of [8], the simulation time required for generating a valid drop increases steeply with the number of UEs. As described in Appendix A, the number of UEs proposed in this contribution ensure completion in a reasonable simulation time.
· Large number of UEs: The proposed values capture the potentially large number of RRC_IDLE UEs that can engage in D2D proximity services.
Proposal 4: Use the parameter values listed in Table 2 for number of UEs/links.
2.2.4 
System Bandwidth (for public safety specific scenario) 
We propose the following system bandwidth for the public safety specific scenario.
Table 3: Proposed parameter values for system bandwidth (for public safety specific scenario)

	Parameter
	Public safety specific scenario

	System Bandwidth 
	· 10 MHz FDD, 20 MHz TDD for in-coverage and partial coverage scenarios
· 10 MHz for out-of-coverage scenarios


Proposal 5: Use 10 MHz FDD or 20 MHz TDD for in-coverage and partial coverage scenarios, and use 10 MHz dedicated spectrum for out-of-coverage scenarios.
2.2.5 
Network Operation (for public safety specific scenario)
As captured in the baseline agreement for D2D performance evaluation [8], the relevant network operation for PS use cases include when the UEs are (a) all in-network coverage, (b) all out-of-network coverage, (c) in partial network coverage. In [8], it was agreed that a partial network coverage case will be emulated by disabling certain eNBs. We propose a deterministic disabling of eNBs as outlined in Table 4. 
Table 4: Proposal for network operation (for public safety specific scenario)

	Parameter
	Public safety specific scenario

	Network Operation
	· All eNBs enabled (in-network coverage) 

· None of eNBs enabled (out-of-network coverage)
· Center macro-site enabled; rest disabled (partial network coverage)


For partial network coverage, we observed that a probabilistic enabling/disabling of eNBs can potentially lead to a large variation in the fraction of UEs in/out-of-coverage, particularly when a small fraction of eNBs are enabled. Hence a deterministic enabling only the center macro-site for both 19/7 macro site cases. Using the UE-to-macro BS channel models for indoor RRH/Hotzone (Table A.2.1.1.5-1 in [2]) , and an out-of-coverage criterion of downlink SINR < -6 dB, this leads to following coverage results:
	Layout
	UE drop
	#macro cell sites (with wrap-around)
	%UEs out-of-coverage

	Option 5
	Indoor-outdoor mix*
	19
	27

	
	
	7
	13

	
	Uniform drop (outdoor)
	19
	11

	
	
	7
	2


* With 35% UEs indoor, and 65% UEs outdoor
Figure 1 shows an example of the UE’s in/out-of-coverage for 19 macro-site and mix of indoor-outdoor UEs.
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Figure 1: Snapshot of UEs in-network coverage (in blue) and out-of-coverage (in red) with only centre macro site enabled for layout option 5 with a mix of indoor and outdoor UEs. 
Proposal 6: Use only center eNodeB enabled to model partial coverage.
2.2.6 
UE mobility
In [8], certain assumptions for UE mobility were agreed upon, while some parameter values were noted as FFS. The agreements included an outdoor UE speed of 120 km/hr for certain fraction of UEs to capture the potentially high outdoor mobility in PS scenario.
We feel that 120 km/hr for outdoor UE speeds is very high as it can result in a relative speed of 240 km/hr when D2D UE are moving towards each other. Hence we propose to modify the high speed requirement to 60 km/hr. Further, values for the FFS parameters are proposed as listed in Table 5.
Table 5: Proposal for UE mobility
	Parameter
	General Scenario
	Public safety specific scneario

	UE mobility
	{3, 15} km/hr
	60  km/hr for {10}% of outdoor UEs

{3,15} km/hr for other UEs


Proposal 7: Use the parameter values listed in Table 5 for UE mobility, including a modification to the agreement that limits the maximum outdoor UE speed for PS scenario to 60 km/hr.

2.2.7 
Simultaneous WAN and D2D traffic
Table 6 summarizes our proposal for emulating simultaneous WAN and D2D traffic at a UE.

Table 6: Proposal for simultaneous WAN and D2D traffic
	Parameter
	Value

	Non D2D traffic
	With probability min(10/(#D2D UEs), 0.1), a D2D UE has non D2D (downlink & uplink) traffic. 

WAN traffic is FTP2


Proposal 8: With probability min(10/(#D2D UEs), 0.1), a D2D UE has non D2D (downlink & uplink) traffic.
2.3 
In band emission model
In [9], using an in-band emission model for the system simulation study is proposed. In particular, the minimum performance specification from 36.101 is proposed as the model. We agree with the observation in [9] that in-band emissions can significantly impact the performance of D2D communication. 

However, we feel that using the minimum performance spec as the emissions model is not the right approach. This is because :
1. The minimum performance spec was developed for WAN uplink performance where UEs are power controlled to the base station and hence the requirements for in-band emissions are not very stringent. It is not clear at this point that the same requirements are enough for D2D communication or that the requirements cannot/shouldn’t be tightened in order to improve performance of D2D communication.
2. The emissions model is defined only for RB based signals and is not defined for other signals that may be introduced. Hence, we need an emissions model that can be used for all signals. 

Keeping this in mind, the following model is proposed: 
· The total in-band emissions power is assumed to be X dB below the transmit power distributed uniformly over all non-allocated sub-carriers. 
· A nominal value of 20 dB is proposed for X, but the number can be specified as requirement with respect to a solution proposed.
Proposal 9: an in-band emission model with emissions power distributed uniformly across all sub-carriers is proposed.
2.4 
Performance metrics

2.4.1 
VoIP delay requirements for D2D communications
In Section A.2.1.4 of [2], a VoIP time budget of 50ms is WAN communications. For D2D communications, we propose an increased time budget of 150ms since the packets do not go through a network backhaul. Note that the end-to-end delay budget is unaffected and remains at 200ms as in [2].

Note that the proposed VoIP delay requirement is not applicable when a relay is present in the D2D communication path.
Proposal 10: Use VoIP time budget of 150ms for D2D communications (without relays).
2.4.2 
Power consumption model

In order to model UE power consumption accurately, following aspects should be modeled: 

· RX power = Power consumed for receiving 
· TX Power = Power consumed for transmitting 
· Wakeup Overhead = energy consumed for waking up + going to sleep
Following values are proposed to model each of the aspects:

· RX power = 1 unit
· TX power 
· 4 units for 23 dBm 
· 1 unit for 0dBm and below
· Linearly scaled with transmit power in between 0dBm and 23dBm
· Wakeup overhead = 12 unit * 1 ms
Proposal 11: a power consumption model with different TX and RX powers, and a fixed energy overhead per wake up.
3
Conclusions

In this contribution, we provide further details and modifications to the agreement  [8] on deployment scenarios and performance metrics for LTE D2D proximity services. The contributions are summarized as follows:
Channel models:
Proposal 1: Use D2D channel models proposed in [5], with the preference subset listed in Table 1.

Deployment scenarios:
Proposal 2: The following addendums to the agreement on deployment layouts: (a) specify that all deployment layouts are simulated with wrap-around enabled, (b) for D2D performance evaluation, small cell nodes (picos, femtos, etc.) should not be simulated.

Proposal 3: The following modification to UE drop is proposed: (a) for layout options 1, 2, and 5 (with indoor-outdoor mix drop), 35% of the UEs are indoor and 65% are outdoor.

Proposal 4: Use the parameter values listed in Table 2 for number of UEs/links.

Proposal 6: Use only center eNodeB enabled to model partial coverage.

Proposal 5: Use 10 MHz FDD or 20 MHz TDD for in-coverage and partial coverage scenarios, and use 10 MHz dedicated spectrum for out-of-coverage scenarios.

Proposal 7: Use the parameter values listed in Table 5 for UE mobility, including a modification to the agreement that  limits the maximum outdoor UE speed for PS scenario to 60 km/hr.

Proposal 8: With probability min(10/(#D2D UEs), 0.1), a D2D UE has non D2D (downlink & uplink) traffic.
In band emission model:

Proposal 9: an in-band emission model with emissions power distributed uniformly across all sub-carriers is proposed.
Performance metrics:
Proposal 10: Use VoIP time budget of 150ms for D2D communications (without relays).
Proposal 11: a power consumption model with different TX and RX powers, and a fixed energy overhead per wake up.
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Appendix A: Simulation procedure for UE drop
Using the UE drop agreed in [8], we outline the simulation procedure adopted in this contribution to deduce various parameters values. To drop N UEs per cell area in a M-cell hexagonal deployment, we perform the following steps:

· Step 1: N UEs are dropped in a cell (sector) using the procedure outlined in [8]. The drop is rejected if the inter-UE distance constraint (>=3m) is not satisfied for any UE pair. The procedure is repeated for M*3 cell sites.

· Step 2: Check for inter-UE distance constraints for UEs across cell boundaries. If the constraint is not met for all UE pairs, reject the entire drop and repeat Step 1.
Note that due to the inter-UE distance constraint (of  >=3m), a fraction of the drops will be rejected in Step 1 and Step 2. Given the requirement of high indoor UE density, the rejection rate is very high Step 1, and hence leads to high simulation time. 

In this contribution, the number of UEs are proposed to have a success rate of at least 10^-4  in Step 1. This in turn results in a  reasonable simulation time. 
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