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1.
Introduction

At RAN4#68bis and RAN4#69, the issue of UE-to-UE coexistence for device-to-device (D2D) communications for in-coverage, out-of-coverage and partial coverage use cases were identified both for inter-device and intra-device interference [1],[2],[3]. This contribution further elaborates on possible scenarios and discusses assumptions to evaluate the impact of UE-to-UE coexistence for D2D communications and proposes prioritization of D2D co-existence scenarios to be evaluated.
2.
D2D Interference Scenarios

Based on the TSG RAN agreement in [4] the priority for Proximity Service (ProSe) D2D communication scenarios is in the following order:

i. 1-to-many out-of-network coverage
ii. 1-to-many in-network coverage

iii. UE-to-network relay
These three coverage scenarios are illustrated in Figure 1.

-
In-network coverage. In this scenario all UEs communicating are under LTE coverage.

-
Out-of-network coverage. In this scenario no UEs communicating are under LTE coverage.

-
Partial coverage. In this scenario at least one UE communicating is under LTE coverage, and at least one UE communicating is not under LTE coverage. This corresponds to the UE-to-network relay priority defined in [2].
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Figure 1 – The defined coverage scenarios. From left to right: Partial (UE relay) coverage, In-network coverage, and Out-of-network coverage.
3.
Intra-frequency Interference Scenarios

As discussed in [1] and [2] potential intra-frequency D2D interference can occur as co-channel - i.e. collisions between transmitted RBs within the system bandwidth, as well as interference from inband emissions from the transmitting RBs within the system bandwidth into adjacent RBs to those RBs being employed for the desired transmission. It was also shown that both inter-device and intra-device interference across a number of channels including PUCCH and PUSCH channels could occur. Further examples of intra-frequency D2D interference scenarios have been analysed in RAN1 [5],[6], and possible approaches to mitigate D2D intra-frequency co-channel interference are still under discussion in RAN1 [7]. For example, co-channel interference from D2D transmissions could be mitigated or minimized through coordinated scheduling or power control.

Observation #1:

Interference due to inband emissions from D2D transmissions may impact the performance of legacy LTE networks.
In [2] eight potential interference scenarios between D2D communication and LTE cellular intra-frequency operation were identified. For this analysis it is assumed that the D2D transmissions occur on the UL frequencies for FDD or on the UL subframes of a TDD network when the D2D UE is within network coverage. Furthermore, these scenarios cover only use cases having interference from external transmitters (i.e. inter-device) and not UE-internal intra-device interference.
For reference, the details of these scenarios are summarized in Table 1. Mitigation of the interference scenarios for co-channel inter-device transmissions can potentially be achieved through coordinated scheduling or a number of interference mitigation techniques that are currently being discussed in RAN1 and RAN2 [4], [5]. However, for interference from D2D transmissions due to inband emissions into adjacent RBs it will not always be possible to coordinate scheduling between the LTE network transmissions and D2D transmissions. As such for the scenarios in Table 1, RAN4 should evaluate potential impacts on the inband emissions specifications to ensure D2D transmissions do not negatively impact the performance of legacy LTE networks.

Observation #2:

Interference due to inband co-channel transmissions from D2D transmissions may be mitigated by the serving network through appropriate scheduling and power control.
Observation #3:

It may not be possible through the use of coordinated scheduling and power control to fully mitigate interference due to inband transmissions from D2D transmissions into adjacent RBs. 

Table 1: Intra-frequency Inter-device Interference Scenarios

	Scenario
	D2D Tx
	Aggressor
	Victim
	LTE Duplex

	1
	Out-of-network
	LTE UL 
	D2D
	TDD and FDD

	2
	In-network
	LTE UL 
	D2D
	TDD and FDD

	3
	Out-of-network
	D2D
	LTE DL
	TDD

	4
	In-network
	D2D
	LTE DL
	TDD

	5
	Out-of-network
	LTE DL
	D2D
	TDD

	6
	In-network
	LTE DL
	D2D
	TDD

	7
	In-network 
	D2D
	LTE UL 
	TDD and FDD

	8
	Out-of-network
	D2D
	LTE UL 
	TDD and FDD


Proposal #1:

RAN4 should investigate the impacts of interference from D2D inband transmissions into adjacent RBs of the serving D2D network.
4.
       Inter-frequency Interference Scenarios

Corresponding to the intra-frequency interference scenarios defined in section 3 above, RAN4 will also need to consider corresponding inter-frequency co-existence scenarios for D2D communications that may occur between co-located networks from different operators implemented in different operating bands. Based on the prioritization of ProSe out-of-coverage D2D transmissions, Table 2 below summarizes a number of scenarios and suggested priorities of analysis for inter-frequency D2D to legacy network impacts. It should be noted that the potential impact of D2D transmissions into a co-located legacy LTE network operating on a separate band class will be impacted not only by whether the D2D transmission is in-coverage, in partial coverage or out-of-coverage with respect to the target D2D serving network, but also whether the D2D transmission is out-of-coverage, in-partial coverage or in-coverage with respect to the potential victim legacy LTE network. Clearly if the D2D transmission is out-of-coverage with respect the potential legacy victim network, the likelihood of the D2D transmission causing any significant interference is low and can be assigned a low priority for investigation. Given the high priority of out-of-coverage ProSe transmissions [4], the scenarios of D2D being out-of-network coverage with respect to its serving network (aggressor) and in-coverage with respect to the potential legacy victim network is a scenario that should be investigated. In addition to being high priority for ProSe, the D2D transmissions will be at maximum power and not power controlled. Two such scenarios are illustrated in Figures 2 and 3.  It should also be noted that even though the D2D transmissions are on the UL with respect to D2D serving network, there is no guarantee of synchronization between the D2D aggressor network and legacy LTE victim network, and as such both the UL or DL for either TDD or FDD transmissions in the legacy network could be impacted.
Observation #4:

The potential impact of D2D transmissions into a co-located legacy LTE network operating on a separate band class will be impacted not only by whether the D2D transmission is in-coverage, in partial coverage or out-of-coverage with respect to the target D2D serving network, but also whether the D2D transmission is out-of-coverage, in-partial coverage or in-coverage with respect to the potential victim legacy LTE network.
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Figure 2: Scenario for D2D as an out-of-coverage aggressor and an LTE legacy network as a victim on the DL. It is assumed that there is no synchronization between the D2D and legacy networks. 
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Figure 3: Scenario for D2D as an out-of-coverage aggressor and an LTE legacy network as a victim on the UL. It is assumed that there is no synchronization between the D2D and legacy networks. 

Several possible scenarios that can occur for inter-frequency D2D coexistence are summarized in Table 2 below with corresponding proposed priorities. Scenarios in which the D2D transmission is out-of-coverage with respect to its own network are recommended to be evaluated as a high priority. The potential impact to RAN4 specifications will be on the ACLR and ACS specifications for the eNB and UE devices.  It should be noted that that there are additional scenarios such as D2D-to-D2D interference that have not explicitly been included in Table 2, but could also be examined as part of this investigation.
Table 2: Prioritization of D2D Inter-frequency Co-existence Interference Scenarios
(OOC = out-of-coverage; PC = partial coverage; INC = in-coverage)
	Scenario
	Aggressor D2D Tx to self
	Aggressor D2D Tx to Victim
	Victim Tx Mode
	LTE Duplex
	Priority

	1
	OOC
	OOC 
	UL or DL
	TDD and FDD
	Low

	2
	OOC
	PC
	UL or DL
	TDD and FDD
	Medium

	3
	OOC
	INC
	UL or DL
	TDD and FDD
	High

	4
	Partial
	OOC 
	UL or DL
	TDD and FDD
	Low

	5
	Partial
	PC
	UL or DL
	TDD and FDD
	Medium

	6
	Partial
	INC
	UL or DL
	TDD and FDD
	High

	7
	In-network
	OOC 
	UL or DL
	TDD and FDD
	Low

	8
	In-network
	PC
	UL or DL
	TDD and FDD
	Low

	9
	In-network
	INC
	UL or DL
	TDD and FDD
	Low


Observation #5:

Interference from D2D aggressor network transmissions may impact both UL and DL as well as FDD and TDD transmissions of an LTE legacy victim network if the D2D aggressor transmissions are not synchronized with the LTE legacy network.
Observation #6:

In order to mitigate inter-frequency interference between collocated LTE networks supporting D2D operation, ACLR and ACS specifications may need to be revisited.  

Proposal #2:

RAN4 should investigate the impacts of interference from D2D aggressor network transmissions on the performance of legacy LTE victim networks for the high and medium priority scenarios in Table 2.
Proposal #3:
As a high priority RAN4 should investigate the impacts of inter-frequency interference for co-located networks supporting D2D transmissions on ACLR and ACS requirements, in which the D2D transmission is out-of-coverage with respect to the serving D2D network and in-coverage with respect to the co-located victim LTE network.
5.          Deployment Scenarios

In order to accurately evaluate the impact of intra-frequency inband emissions and inter-frequency co-existence issues due to D2D transmissions it is proposed that RAN4 model the impact of the above interference scenarios and agree on the following simulation assumptions for deployment models. In [4] Public Safety scenarios have been prioritized over general scenarios. Furthermore in [12] a number of reference deployments have been identified and prioritized for general simulations. For the public safety scenario, deployment option 5 (urban macro with 1732m ISD) is the highest priority and is thus proposed as the reference deployment to be employed for the initial evaluation of D2D inband emissions. Further details of the option 5 deployment model are defined in Appendix A2.1 of [12] and are reproduced in Appendix A of this contribution for reference. Furthermore, Appendix A2.1.2 of [12] defines proposed path loss models to be employed in the evaluation of D2D deployments. It is proposed that these models be employed for the evaluation of D2D inband emissions and coexistence interference.
Proposal #4
Co-existence and D2D inband emissions modeling should initially be evaluated for public safety scenarios using the deployment option 5 reference model.
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Discussion and Conclusions
Observation #1:

Interference due to inband emissions from D2D transmissions may impact the performance of legacy LTE networks.
Observation #2:

Interference due to inband co-channel transmissions from D2D transmissions may be mitigated by the serving network through appropriate scheduling and power control.
Observation #3:

It may not be possible through the use of coordinated scheduling and power control to fully mitigate interference due to inband transmissions from D2D transmissions into adjacent RBs. 

Observation #4:

The potential impact of D2D transmissions into a co-located legacy LTE network operating on a separate band class will be impacted not only by whether the D2D transmission is in-coverage, in partial coverage or out-of-coverage with respect to the target D2D serving network, but also whether the D2D transmission is out-of-coverage, in-partial coverage or in-coverage with respect to the potential victim legacy LTE network.
Observation #5:

Interference from D2D aggressor network transmissions may impact both UL and DL as well as FDD and TDD transmissions of an LTE legacy victim network if the D2D aggressor transmissions are not synchronized with the LTE legacy network.
Observation #6:

In order to mitigate inter-frequency interference between collocated LTE networks supporting D2D operation ACLR and ACS specifications may need to be revisited.  

Proposal #1:

RAN4 should investigate the impacts of interference from D2D inband transmissions into adjacent RBs of the serving D2D network.
Proposal #2:

RAN4 should investigate the impacts of interference from D2D aggressor network transmissions on the performance of legacy LTE victim networks for the scenarios in Table 2.
Proposal #3:
As a high priority RAN4 should investigate the impacts of inter-frequency interference for co-located networks supporting D2D transmissions on ACLR and ACS requirements, in which the D2D transmission is out-of-coverage with respect to the serving D2D network and in-coverage with respect to the co-located victim LTE network.
Proposal #4
Co-existence and D2D inband emissions modeling should initially be evaluated for public safety scenarios using the deployment option 5 reference model.
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Appendix A Modelling Assumptions

A.1 Reference System Deployments

Two classes of scenarios are defined: General Scenarios & Public Safety Scenarios.

The layout for the scenarios shall be a hexagonal grid. There shall be 3 sectors per macro site. There shall be either with 19 or 7 macro sites in the layout.
Following are the layout options that shall be used. 

Option 1: Urban macro (500m ISD) + 1 RRH/Indoor Hot zone 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 Hot zone per cell

Option 5: Urban macro (1732m ISD) 

Option 6: Urban micro (100m ISD)

Propose use of option 1 & 5 for initial D2D public safety analysis

· Option 1 covers both indoor and outdoor UE’s in a dense urban environment. Option 5 covers the case of a larger rural environment.
Table A.1: Details of Deployment Scenarios
	
	General Scenarios
	Public Safety Scenarios

	LTE Layout
	Option 1 shall be mandatory

Others layouts are optional in order of decreasing priority:

Option 2 / Option 3

Option 4

Option 6
	Option 5 shall be mandatory

Others layouts are optional in order of decreasing priority: 

Option 3

Option 1

	Carrier Frequency

(Note: The performance at 2GHz is expected to be different from the performance at 700MHz.)
	2GHz
	700 MHz

	System bandwidth
	10MHz Uplink and 10MHz Downlink for FDD, 20 MHz for TDD
	10MHz Uplink and  10MHz Downlink for FDD, 20MHz for TDD for  in-coverage and partial coverage scenarios,

10MHz dedicated spectrum for out-of-coverage scenarios

	Network operation
	100% eNodeBs enabled
	0%  eNodeBs enabled
100% eNodeBs enabled

3-site clustered eNodeB enabling pattern for 19 cells layout 


	UE out of coverage criterion
	N/A
	Average SINR < -6 dB over system bandwidth. 

	Network synchronization
	All cases shall be treated with equal priority: 

· all eNodeBs synchronized

· eNodeBs on different carriers not synchronized

· eNodeBs on a given carrier not synchronized
	

	UE mobility (only for channel models)
	3 km/hr
	60km/h for outdoor UEs in Option 5. 

3km/h for all other cases.

	UE RF parameters
	Max transmit power of  23 dBm for non-public safety, 23 dBm, 31 dBm for public safety
1 Tx (2 Tx optional for public safety only), 2 Rx antenna, Antenna gain 0 dBi, Noise figure 9 dB

	eNodeB RF parameters
	As specified in 3GPP Case 1, except for Option 5 which uses parameters as specified in 3GPP Case 3 (Table A.2.1.1.1 of [3])

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

WAN traffic source shall be FTP2.

	Total number of active UEsb  per cell areac

	Layout Option 1

Indoor-outdoor mix: 25

	Layout  Option 5

Indoor-outdoor mix: 10
Uniform (outdoor): 10
Hotspot: 10

	Total number of UEs (including active UEsb) for discovery  per cellc
	Layout Option 1

Indoor-outdoor mix: 150
	Layout  Option 5

Indoor-outdoor mix: 150
Uniform (outdoor): 150
Hotspot: 150

	Number of UEs participating in a D2D communication session
	Unicast : 2

Groupcast: N/A

Broadcast: N/A
	Unicast: 2

Groupcast: 10 (One transmitter UE and 9 (Ngr) receiver UEs)

Broadcast: One transmitter UE and variable number of receiver UEs based on the association procedure defined in Section A.2.1.1.3

	Average number of  communication sessions  per cellc
	Unicast: 12(Nu)

Groupcast: N/A

Broadcast: N/A
	Unicast : 12 (Nu)
Groupcast: 3 (Ng)
Broadcast: 3 (Nb)

	UE drop for all UEs, for both discovery and communication evaluations
	For layout options 1,2, 4:

· 2/3 UEs randomly and uniformly dropped within the clusters of small cell(s).

· Remaining 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 
· 20% UEs are outdoor, and 80% UEs are indoor.d
For layout option 3, 5, 6: 
· Uniform drop : all UEs are randomly and uniformly dropped throughout the macro geographical area
· 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.
Additionally for layout option 5:

· Drop 2 RRH buildings (without RRHs) in each macro geographical area. (See A.2.1.1.5 in [10])

· All UEs randomly and uniformly dropped throughout the macro geographical area such that 20% UEs are outdoor, and 80% UEs are indoor. 


	UE association for unicast D2D communication
	Refer to Section A.2.1.1.1 [11]

	UE association for groupcast D2D communication 
	N/A
	Refer to Section A.2.1.1.2 [11]


	UE association for broadcast D2D communication  
	N/A
	Refer to Section A.2.1.1.3 [11]


	UE association for Relay D2D communication 
	N/A
	First UE is randomly selected from all UEs without eNodeB coverage and 2nd UE is selected from the UEs within eNodeB coverage 



	Minimum distance between UE and eNodeB
	>=35m (except for Option 6 where it shall be 5m)

	Minimum distance between UEs
	>= 3m

	Wraparound
	Wraparound is used for all cases except partial network coverage, for which no wraparound is used.

	Minimum association RSRP for D2D communication (X) (baseline)
	-112dBm



a) To ensure sufficient number of out-of-coverage UE in partial NW coverage, use ITU UMa model (Table B.1.2.1-1 in [10]) for eNodeB-to-UE channel model in D2D evaluations.

b) Active UEs are UE with WAN traffic. 

c) Note that a cell refers to a sector of the geographical macro-cell (hexagon). 

d) In order to ensure that 80% of the UEs are indoor some of the UEs that are not dropped inside a building will be declared as indoor UEs. We will call them virtual indoor UEs.
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Figure A.2.1.2: 3-site clustered eNodeB enabling pattern for partial network coverage.

A.2 

Channel models
Following channel models shall be used for D2D.

	
	Outdoor to Outdoor
	Outdoor to Indoor
	Indoor to Indoor

	Pathlossa
	PL_B1_tot(d) = max(PLfreespace(d), PL_B1(d))
where
 d is distance between UEs

PLfreespace is free space path loss,
PL_B1 is the Winner + B1b ([11] Table 4-1) channel model for hexagonal layout  with the following offsets

a. LOS offset = 0 dBc
b. NLOS offset = -5 dBc
While calculating Winner + B1 pathloss the following  values shall be used

h_BS = h_MS = 1.5m, h_BS’ = h_MS’ = 0.8m 
	Dual strip ([10] Table A.2.1.1.2-8) for Layout Option 2
Remaining Layout Options
a. LOS: PL_B1_tot (dout + din) + 20.0 + 0.5*d_in

b. NLOS: PL_B1_tot(dout + din) + 20.0 + 0.5*din – 0.8*h_MS
where

dout and din are defined  by Note 1 after Table 4-1 in [7] for true indoor UEs

din=1.5m and dout=d-din for virtual indoor UEs

h_MS = 1.5m
	Dual strip ([10] Table A.2.1.1.2-8) for Layout Option 2
InH ([10] Table A.2.1.1.5-1) for remaining layout optionsd


	LOS Probabilitye
	Winner II-B1 ([11] Table 4-7)
	ITU-R IMT UMi ([11] Table A1-3)
	ITU-R IMT UMi ([11] Table A1-3) for InH
N/A for Dual Strip

	Shadowing standard deviation
	7 dB log-normal
	7 dB log-normal
	UEs are in same building:

LOS: 3 dB log-normal

NLOS: 4 dB log-normal

UEs are in different building:

10 dB log-normal

	Shadowing correlation
	i.i.d.

	Fast Fadingf
	ITU-R IMT UMi ([11] Annex 1.3.2)
LOS and NLOS
	ITU-R IMT UMi O2I ([11] Annex 1.3.2)
	ITU-R IMT InH ([11] Annex 1.3.2)
LOS and NLOS


a) Pathloss should be defined for 700 MHz in addition to 2 GHz (by applying 20log(fc) correction for 700 MHz if not otherwise specified)

b) Winner+B1 is assumed to be valid up to a minimum distance of 3m

c) The offsets are assumed to be valid for all the frequencies of interest.
d) For calculating the indoor to indoor path loss between a virtual indoor UE and another virtual indoor UE or indoor UE use the InH model for UEs inside different buildings
e) LOS probability: some pathloss models do not specify a LOS/NLOS region – the LOS Probability would not be used for such models
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