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1	Introduction

In the RAN#58 plenary meeting, a study item for LTE device to device proximity services was approved [1].  In the RAN#72 WG1 meeting following working assumption were agreed for deployments for D2D performance evaluation. 
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

In addition the following observations were noted by the chairman.
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

This contribution describes our proposals for D2D deployment based on these working assumptions and observations. 
We propose studying two deployment scenarios: a general deployment scenario that is applicable for both PS and non-PS use cases, and a PS scenario for additional PS specific use cases.
For both the deployments, we propose a common layout, channel models, and traffic models. 
The key differences between the two proposed scenarios are summarized in the table below:
	Parameter
	General Scenario
	PS Scenario

	Network coverage 
	100% UEs in-coverage
	{0% UEs in coverage (out-of-network), 
50% eNodeBs disabled (partial coverage)}

	Carrier Frequency (GHz)
	2
	0.7

	System Bandwidth (MHz)
	10 (FDD), 20 (TDD)
	10 

	System Synchronization
	Synchronized
	Non-synchronized

	UE Drop
	Non-clustered
	Clustered around events

	UE speed
	3 km/hr
	{3, X*} km/hr indoor
{3, 120} km/hr outdoor


*Note that X here denotes values that are TBD
2	Evaluation Assumptions

2.1 	Deployment Layout
Deployment layout is proposed to be common for both general and the PS scenario.
As reflected in the system requirements, much of the D2D use cases envisioned entail a mix of outdoor and indoor UEs. Thus, we propose to reuse heterogeneous network deployment scenario 3GPP Case 5.3 (Macro + Indoor RRH/Hotzone). 3GPP Case 5.3 overlays the macro-cell with indoor hotspots that consists of a single floor building with dimensions 120m x 50m (Section A.2.1.1.5 in [2]). With regard to the macro-cell deployment model, we propose to reuse 3GPP Case 1 (19 cell, 3 sectors per cell, ISD = 500m, wrap around on). Further, we propose randomly (uniform) dropping {4} indoor hotspots per macro-cell, this is a particular case from the multiple values specified in [2] for 3GPP Case 5.3. 
For general scenario, we propose all UEs are inside network coverage. For PS scenario, we propose simulating both out-of-network coverage and partial network coverage cases. 
Additionally, it is proposed that only eNodeBs (and no hotzones) be simulated for general scenario and partial network coverage scenarios, and no eNodeBs or hotzones be simulated for the out-of-network scenarios. For partial network coverage in the PS scenario, we propose that {50}% of eNodeBs in the deployment layout are disabled at random. Further, we propose a out-of-coverage criterion of having more than 1% BLER for PDCCH, that corresponds to a SINR of -5 dB [4].
Proposal 1: use a common layout for both general and PS scenario. A heterogeneous deployment 3GPP Case 5.3 [2], with a macro-cell layout of 3GPP Case 1 [2] is proposed as the common layout. For general scenario, we propose all UEs are inside network coverage. For PS scenario, we propose simulating both out-of-network and partial network coverage cases. 

2.2 	UE Drop
We propose similar UE drops for both general and public safety specific scenario, with the exception of  UE clustering in the PS specific scenario. Clustered drop in the public safety specific scenario captures the geographic clustering of public safety UEs in the event of a fire, accident, etc.
The general scenario distributions (GS distribution) are defined to be: with probability {0.35, 0.80} a UE is dropped indoor. Indoor UE is dropped uniformly within the indoor area, and the outdoor UE is dropped uniformly within the outdoor area. 
The PS scenario UE distributions (PS distribution) are defined through clusters: we propose dropping one cluster of radius {125m} per cell. The PS UEs are dropped uniformly within the cluster. A cluster center is located within an indoor hotspot with probability {0.35, 0.80}, otherwise it is located outdoors. If a cluster center is located within an indoor hotspot it will be uniformly located within the indoor area of the layout. If a cluster center is located outdoors it will be uniformly located in the outdoors area.
Further, we propose independent drops for UEs participating in discovery and communication.
2.2.1 	Discovery Drop
We propose dropping {50, 100, 500} UEs per sector for the general scenario according to GS distribution.
We propose dropping {50, 100, 500} UEs per sector for the PS scenario according to PS distribution.
2.2.2 	Communication Drop
It is proposed that discovery UEs and D2D communication link are dropped independently of each other.
Additionally, it is also proposed that a UE dropped as part of a communication link be part of only one communication link. 
2.2.2.1 	Unicast Links
We propose dropping {5, 25} links per sector. 
A given unicast link is dropped as follows:
1. The transmitter is dropped according to the GS distribution for the general scenario, and PS distribution for the PS scenario
2. [bookmark: _Ref351733880]Once a transmitter is dropped, the associated receiver is dropped within a pathloss of {120} dB of the transmitter, uniformly over the area[footnoteRef:2]. Note that the receivers may lie outside the sector or the macro-cell that contains the transmitter or the cluster that contained the transmitter.  [2:  One way to drop a receiver uniformly within y dB of the transmitter is to first identify a circular area around the transmitter than encapsulates the desired area, for e.g., circular disc with a radius that corresponds to a pathloss of y dB under the most optimistic pathloss model used in the deployment (e.g., outdoor, line-of-sight; benign shadowing). The receiver can then be dropped uniformly in the circular disc, and resampling (till success) if the pathloss to the transmitter is greater than y dB.] 


2.2.2.2 	Groupcast UE Groups
We propose to dropping {5, X} groupcast UE groups per sector. The group size is proposed  to be {X} UEs. 
The UEs belonging to a group are dropped such that they lie within {120} dB of each other. 
Groupcast UE groups are dropped as follows:
1. The first UE of a group is dropped according to the GS distribution for the general scenario and PS distribution for the PS scenario
2. The subsequent UEs of the group are dropped sequentially within a pathloss of {120} dB from the first UE, uniformly in the area1, and resampling if the pathloss to any of the group UEs dropped so far exceed {120} dB.
	
2.2.2.3 	Broadcast UE Groups
We propose to drop {1, X} broadcast UE groups per sector. The fanout of a broadcast transmission is assumed to be {10, X}. 
The transmitter is dropped according to the general distribution for general scenario and PS distribution for the PS scenario
The associated receivers are dropped within a pathloss of {120} dB of the transmitter, uniformly over the area. 
2.2.3		Legacy UE Drop
Dropping of legacy UEs is to help characterize the impact of D2D proximity services on WAN downlink and uplink performance. This is only proposed for the general scenario. We propose to drop {10} legacy UEs per macro cell. We propose {0.35, 0.80} fraction of the legacy UEs be uniformly dropped indoor, and the  remaining be uniformly dropped outdoor. All legacy UEs are assumed to connected to eNodeB, and employ a full buffer traffic model. 
2.2.4 	Summary of Drop Proposals
Proposal 2: a clustered drop for public-safety specific scenario, while a non-clustered drop for general scenario.
Proposal 3: discovery UEs and D2D communication link are dropped independently of each other, and no UE is part of more than one communication link. 

 Note: when evaluating  a mix of unicast links, groupcast UE groups, and broadcast UE groups, use only the lowest number of links/groups proposed  in each case.

2.3 	Traffic Model
To evaluate D2D communications,  we propose to reuse the full buffer, FTP, and VoIP traffic models from [2] for all unicast, groupcast, and broadcast communication links/UE groups.
Additionally, it is proposed that for D2D unicast links and broadcast UE groups the traffic is one directional, while for the groupcast UE groups the same traffic model be used for all UEs within the group.
Proposal 4: reuse the full buffer, FTP, and VoIP traffic models from [2] to evaluate D2D communications. Unidirectional traffic for unicast links and broadcast UE groups, while multidirectional traffic with the same traffic model for groupcast UE groups is proposed.

3	Summary of Deployment Scenarios
Table 1summarizes the proposed deployment scenarios for D2D proximity services.
[bookmark: _Ref351730176]Table 1: Summary of proposed deployment scenarios
	Parameter
	General Scenario
	PS Scenario

	Network coverage (%)
	100% UEs are in-coverage
	{0% UEs in-coverage (out-of-network), 
50% eNodeBs disabled (partial coverage)}

	Carrier Frequency (GHz)
	2
	0.7

	System Bandwidth (MHz)
	10 (FDD), 20 (TDD)
	10

	System Synchronization
	Synchronized
	Non-synchronized

	UE Drop
	Non-clustered
	Clustered around events

	UE speed
	3 km/hr
	{3,X} km/hr indoor
{3, 120} km/hr outdoor

	Additional Simulation Parameters
	See Table 2
	See Table 3

	Deployment Layout
	Heterogeneous network 3GPP Case 5.3 (Macro + Indoor RRH/Hotzone) [2]
· Macro: 3GPP Case 1 [2]
· Indoor hotspot: As per Section A.2.1.1.5 in [2]
4 indoor hotspot per macro-cell, uniform in macro-cell area

	Channel Model
	See [3]

	Traffic Model
	Full buffer, FTP and VoIP
Unidirectional traffic for Unicast and Broadcast
Multidirectional traffic for Groupcast




[bookmark: _Ref351730593]Table 2: Additional simulation parameters for general scenario
	Parameter
	Value

	Legacy Ues

	Number of legacy UEs per macro cell
	100

	Fraction of legacy UE indoor
	{0.35, 0.80}

	Discovery UEs**

	Number of discovery devices per sector
	{50, 100, 500}

	Fraction discovery devices indoor
	{0.35, 0.80}

	Communication Links*

	Number of unicast links per sector
	{5, 25}

	Fraction of unicast transmitters indoor
	{0.35, 0.80}

	Number of groupcast UE groups per sector
	{5, X}

	Fraction of groupcast UE groups with the first UE of the group  dropped indoor
	{0.35, 0.80}

	Number of UEs that belong to a groupcast UE group
	X

	Number of broadcast UE groups per sector
	{1,X }

	Fraction of broadcast transmitters indoor
	{0.35, 0.80}

	Intended fanout of broadcast transmission
	{10, X}


* Note: when evaluating  a mix of unicast links, groupcast UE groups, and broadcast UE groups, use only the lowest number of links/groups proposed  in each case.
** Note: when evaluating high number of discovery UEs, a 7-cell macro layout may be used.

[bookmark: _Ref351730604]Table 3: Additional simulation parameters for public safety specific scenario
	Parameter
	Value

	Event Clusters

	Number of clusters per macro-cell
	1

	Cluster radius
	125m

	Fraction of cluster centres that lie within an indoor hotspot
	{0.35, 0.80}

	Discovery UEs**

	Number of discovery devices per cluster
	{50, 100, 500}

	Communication Links*

	Number of unicast links per cluster
	{5, 25}

	Number of groupcast UE groups per cluster
	{5, X}

	Number of UEs that belong to a groupcast UE group
	X

	Number of broadcast UE group per cluster
	{1,X}

	Intended fanout of broadcast transmission
	{10, X}


*Note: when evaluating  a mix of unicast links, groupcast UE groups, and broadcast UE groups, use only the lowest number of links/groups proposed  in each case.
** Note: when evaluating high number of discovery UEs, a 7-cell macro layout may be used.


4	Conclusions
In this contribution we proposed deployments for LTE device to device proximity services. In our proposals we tried to reuse as much as possible the deployments defined in [2]. The proposals can be summarized as follows:
Proposal 1: use a common layout for both general and PS scenario. A heterogeneous deployment 3GPP Case 5.3 [2], with a macro-cell layout of 3GPP Case 1 [2] is proposed as the common layout. For general scenario, we propose all UEs are inside network coverage. For PS scenario, we propose simulating both out-of-network and partial network coverage cases.
Proposal 2: a clustered drop for public-safety specific scenario, while a non-clustered drop for general scenario.
Proposal 3: discovery UEs and D2D communication link are dropped independently of each other, and no UE is part of more than one communication link. 
Proposal 4: reuse the full buffer, FTP, and VoIP traffic models from [2] to evaluate D2D communications. Unidirectional traffic for unicast links and broadcast UE groups, while multidirectional traffic with the same traffic model for groupcast UE groups is proposed.
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Appendix A: Text Proposal for TR 
[bookmark: _Toc257299755][bookmark: _Toc351391274]A.2 		System simulation Scenarios
[bookmark: _Toc257299756][bookmark: _Toc351391275]A.2.1 		System simulation assumptions
[bookmark: _Toc257299757][bookmark: _Toc351391276]This section describes the reference system deployments to use for the evaluating D2D proximity services.
A.2.1.1 	Reference system deployments
[bookmark: _Toc351391278]The system simulation scenarios for evaluating D2D proximity services are given in Table 4. The simulation scenarios reuse deployment layouts defined in [TR 36.814] and the baseline simulation parameters proposed therein. Additionally, it is proposed that only eNodeBs (and no hotzones) be simulated for general and partial coverage scenario, and no eNodeBs be simulated for the out-of-network PS scenario. For partial network coverage in the PS scenario, a subset of the macros is enabled. Further, for partial network coverage in PS scenario, the out-of-coverage criterion is defined as having more than 1% BLER for PDCCH.
Assumptions on the UE distributions and placement are outlined in Section A.2.1.1.1.

[bookmark: _Ref351725906][bookmark: _Ref351650660]Table 4: D2D proximity services simulation case set
	Parameter
	Simulation Cases

	
	Case [x].1
General scenario
(applicable to both public safety and non-public safety use cases)
	Case [x].2
Public safety specific scenario

	Network coverage (%)
	100% UEs are in-coverage
	{0% UEs in-coverage (out-of-network), 
50% eNodeBs disabled (partial coverage)}

	Carrier Frequency (GHz)
	2
	0.7

	System Bandwidth (MHz)
	10 (FDD), 20 (TDD)
	10

	System Synchronization
	Synchronized
	Non-synchronized

	UE Drop
	Non-clustered
	Clustered around events

	UE speed
	3 km/hr
	{3, X} km/hr indoor
{3, 120} km/hr outdoor

	Additional Simulation Parameters
	See Table 5
	See Table 5

	Deployment Layout
	Heterogeneous network 3GPP Case 5.3 (Macro + Indoor RRH/Hotzone) [TR 36.814]
· Macro: 3GPP Case 1 [TR 36.814]
· Indoor hotspot: As per Section A.2.1.1.5 in [TR 36.814]
4 indoor hotspots per macro-cell, uniform in macro-cell area

	Channel Model
	See []

	Traffic Model
	Full buffer, FTP and VoIP
Unidirectional traffic for Unicast and Broadcast
Multidirectional traffic for Groupcast




[bookmark: _Ref351731507]Table 5: Additional simulation parameters for D2D proximity service deployment scenarios
	Case [x].1: General Scenario

	Parameter
	Value

	Legacy UEs

	Number of legacy UEs per macro cell
	100

	Fraction of legacy UE indoor
	{0.35, 0.80}

	Discovery UEs

	Number of discovery devices per sector
	{50, 100, 500}

	Fraction discovery devices indoor
	{0.35, 0.80}

	Communication Links

	Number of unicast links per sector
	{5, 25}

	Fraction of unicast transmitters indoor
	{0.35, 0.80}

	Number of groupcast UE groups per sector
	{5, X}

	Fraction of groupcast UE groups  with the first UE of the group dropped indoor
	{0.35, 0.80}

	Number of UEs that belong to a groupcast UE group
	X

	Number of broadcast UE groups per sector
	{1, X}

	Fraction of broadcast transmitters indoor
	{0.35, 0.80}

	Intended fanout of broadcast transmission
	{10, X}

	Case [x].2: Public safety specific scenario

	Parameter
	Value

	Event Clusters

	Number of clusters per macro-cell
	1

	Cluster radius
	125m

	Fraction of cluster centres that lie within an indoor hotspot
	{0.35, 0.80}

	Discovery UEs

	Number of discovery devices per cluster
	{50, 100, 500}

	Communication Links*

	Number of unicast links per cluster
	{5, 25}

	Number of groupcast UE groups per cluster
	{5, X}

	Number of UEs that belong to a groupcast UE group
	X

	Number of broadcast UE grops per cluster
	{1, X}

	Intended fanout of broadcast transmission
	{10, X}


*Note: when evaluating  a mix of unicast links, groupcast UE groups, and broadcast UE groups, use only the lowest number of links/groups proposed  in each case.

[bookmark: _Ref351726070]A.2.1.1.1 	Assumptions on UE distributions and placement
The following section describes the assumptions on UE distributions and placement procedures for D2D UEs, legacy UEs, and D2D communication links.
Discovery UEs and D2D communication link should be dropped independently of each other. Additionally, UE dropped as part of a communication link should be part of only one communication link. 
For ease of exposition, the following UE distributions are defined:
(a) Non-clustered UE distribution: With certain probability (as specified in Table 5), the UE may be located indoor. The indoor UEs should be uniformly dropped within the indoor area, and the outdoor UEs should be dropped uniformly in the outdoor area.

For Case [x].1, the UE are dropped using non-clustered UE distribution.

(b) Clustered UE distribution: UEs are dropped in a clustered manner within the macro-cell. With certain probability (as specified in Table 5), the cluster center lies within an indoor hotspot. Cluster centers should be dropped uniformly in the macro-cell area such that the probability of being within the indoor hotspot is observed. The UEs are dropped uniformly within the cluster area.

For Case [x].2, the UEs and communication links are placed within event clusters to capture the geographic clustering of public safety UEs in the event of a fire, accident, etc.

Using the UE distribution defined above, Table 6 defines the baseline UE distribution that is used in the remainder of the subsections.
[bookmark: _Ref351733704]Table 6: Baseline UE distribution for different D2D deployment scenarios
	Deployment Scenario
	Baseline UE distribution

	Case [x].1
	Non-clustered UE distribution

	Case [x].2
	Clustered UE distribution



A.2.1.1.1.1 	Discovery UEs and Legacy UEs
Discovery and Legacy UEs should be dropped using the baseline UE distribution.
A.2.1.1.1.2 	Unicast Links
First, the unicast transmitter UE should be dropped using the baseline UE distribution. The receiver UE associated with the transmitter UE is dropped within 120 dB of the transmitter UE, uniformly over the area.
A.2.1.1.1.3 	Groupcast UE groups
Groupcast UE groups are dropped as follows. The first UE of a groupcast UE group  is dropped using the baseline UE distribution. The subsequent UEs of the group should be dropped sequentially within a pathloss of 120 dB from the first UE, uniformly in the area, and resampling if the pathloss to any of the group UEs dropped so far exceed 120 dB.
A.2.1.1.1.4 	Broadcast UE groups
[bookmark: _GoBack]First, the broadcast transmitter UE should be dropped using the baseline UE distribution. The receiver UEs associated with the transmitter UE are dropped within 120 dB of the transmitter UE, uniformly over the area.

A.2.1.3 		Traffic models	
The full buffer, FTP, and VoIP traffic models described in Section A.2.1.3 [TR 36.814] should be used to evaluate the performance of D2D communications, for all unicast, groupcast, and broadcast communications. For D2D unicast links and broadcast UE groups the traffic is one directional, while for the groupcast UE groups the same traffic model be used for all UEs within the group.
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