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1.
Introduction

Based on discussions for Device-to-device (D2D) simulation in RAN1#74 [1], an LS has been sent to RAN4 to evaluate the impact of inband emissions on D2D communications. This contribution discusses the potential impacts of D2D inband emissions and the scenarios under which those impacts should be evaluated.
2. D2D Inband Emission Evaluation Request
For reference the details of the LS for D2D in-band emission modeling is summarized below:
In Proximity Service (ProSe) Discovery and Communication several ProSe-enabled UEs might be transmitting D2D signals at the same time and in the same band similar as in LTE UL. In contrast to LTE UL, where there is a single point of reception i.e. the eNB, power control with respect to the point of reception will be not possible for D2D as the D2D signals are supposed to be received at several ProSe-enabled UEs having different locations. As a consequence, the dynamic range of the received D2D signals of different transmitting ProSe-enabled UE received at a ProSe-enabled UE depending on the scenario might be rather large. Therefore, RAN1 identified UE TX inband emissions to have an effect on D2D operation and the need to model the UE TX inband emissions of a “typical” D2D/ProSe-enabled UE in the related system level simulations.

RAN1 decided to use the contributions in the UE TX minimal inband emission requirements from Table 6.5.2.3.1-1of TS 36.101 [1] for the modelling in the simulations. Compared to Table 6.5.2.3.1-1 of [1], modifications have been agreed for system level modelling purpose only in order to enable multi-cluster transmission as well as to model some “typical” UE TX inband emission instead of assuming a “worst” case UE only fulfilling the minimum inband emission requirements of [1].

The resulting model to be used in system level simulation only is shown in Table 1, where the red parts indicate the modifications to [1] including a “typical” UE and multi-cluster transmission.

	Parameter description
	Unit
	Limit (Note 1)
	Applicable Frequencies

	General
	dB
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	Any non-allocated (Note 2)

	IQ Image
	dB
	-28-Y
	Image frequencies when carrier center frequency < 1 GHz and Output power > 10 dBm
	Image frequencies (Notes 2, 3)

	
	
	-25-Y
	Image frequencies when carrier center frequency < 1 GHz and Output power ≤ 10 dBm
	

	
	
	-25-Y
	Image frequencies when carrier center frequency ≥ 1 GHz
	

	Carrier leakage
	dBc
	-28-Z
	Output power > 10 dBm and carrier center frequency < 1 GHz
	Carrier frequency (Notes 4, 5)

	
	
	-25-Z
	Output power > 10 dBm and carrier center frequency ≥ 1 GHz
	

	
	
	-25-Z
	0 dBm ≤ Output power ≤10 dBm
	

	
	
	-20-Z
	-30 dBm ≤ Output power ≤ 0 dBm
	

	
	
	-10-Z
	-40 dBm ( Output power < -30 dBm
	

	NOTE 1:
An in-band emissions combined limit is evaluated in each non-allocated RB. For each such RB, the minimum requirement is calculated as the higher of PRB – 30-X dB and the power sum of all limit values (General, IQ Image or Carrier leakage) that apply. PRB is defined in Note 10.

NOTE 2:
The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured average power per allocated RB, where the averaging is done across all allocated RBs.

NOTE 3:
The applicable frequencies for this limit are those that are enclosed in the reflection of each allocated RB, based on symmetry with respect to the centre carrier frequency, but excluding any allocated RBs.

NOTE 4:
The measurement bandwidth is 1 RB and the limit is expressed as a ratio of measured power in one non-allocated RB to the measured total power in all allocated RBs.

NOTE 5:
The applicable frequencies for this limit are those that are enclosed in the RBs containing the DC frequency if 
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 is odd, or in the two RBs immediately adjacent to the DC frequency if 
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 is even, but excluding any allocated RB. 

NOTE 6:
LCRB,i is the number of allocated RBs of the i-th cluster in case of multi-cluster transmission. The overall transmission bandwidth LCRB is given as the sum of the number of allocated RBs of all clusters. 

NOTE 7:
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 is the Transmission Bandwidth Configuration (see Figure 5.6-1). 

NOTE 8:
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 is the limit specified in Table 6.5.2.1.1-1 for the modulation format used in the allocated RBs. 

NOTE 9:
(RB,i is the starting frequency offset between the allocated RB and the measured non-allocated RB (e.g. (RB,i=1  or (RB,i=1 for the first adjacent RB outside of the allocated bandwidth of the i-th cluster. 

NOTE 10:
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 is the transmitted power per 180 kHz in allocated RBs, measured in dBm.

NOTE 11:  The offset values of W, X, Y, Z model the effect of a “typical” UE performance having lower inband emissions compared to the minimum requirements in TS 36.101. This model and these offset values are only to be used in D2D system level simulations. 


Table 1: Agreed D2D UE TX inband emission modelling for RAN1 ProSe system level simulations only.

For RAN1 to proceed with the system level investigations on ProSe Discovery and Communication, RAN1 kindly request input from RAN4 on the offset values W, X, Y, Z [dB] in order to model a “typical” D2D UE in system level simulations only. 

3
D2D Interference Scenarios

Potential D2D interference can occur in both inter-device and intra-device scenarios and across a number of channels including PUCCH and PUSCH channels.
Three coverage scenarios have been defined as shown in Figure 1.

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

-
Out of 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.

ProSe-enabled: A UE that is enabled for D2D communication, e.g. this could refer to both additional hardware and pre-configuration of important environment variables.
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Figure 1 – The defined coverage scenarios. From left to right: Partial coverage, In coverage, and Out of coverage.

3.1 Inter-Device Interference

Figure 2 below illustrates inter-device scenarios that arise during D2D transmissions and are analyzed in this paper. In this example, two devices, A and B communicate via D2D communication in given subframes 2, 3 and 4 on the uplink (UL). In these subframes, the device B receives information from device A in a first set of RBs. Also during these subframes the Device C transmits to an eNodeB, in UL resources in the same system bandwidth as B is receiving D2D communication from A but in a second set of RBs. In this example, the second set of resources is a PUCCH transmission in subframe 2 and a PUSCH transmission in subframe 3.  
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Figure 2: Inter-Device interference scenarios: For Device B, D2D reception of data from Device A is interfered with by (1) PUCCH and (2) PUSCH transmissions from Device C communicating with an eNodeB. Due to in-band emissions, Device C will create a “high interference” area  where B is unable to decode data from B.   

Due to in-band emissions Device C will create a “high interference” area where B is possibly unable to decode data from A.   

This “high interference” area will be a function of:

· Device C transmit output power

· The path loss from device C to device B

· Device C RB allocation

· The receive power level of device B and the D2D RB allocation

· Device C inband emission levels at the frequency of the D2D RB allocation.

This inter-device interference scenario can clearly occur in both partial and full coverage scenarios. It is also possible that it could occur in “no-coverage” scenarios if for example devices A and B are both out of coverage, and device C is within coverage but close to the edge of coverage and close to devices A and B, such that it can still create an exclusion zone for these devices.
Based on the D2D WID [4] and the current proposals under discussion in RAN1 [5], D2D transmissions can be broadly classified into discovery or communications transmissions. Since PUCCH transmissions in general are pre-assigned with a fixed periodicity, the PUCCH transmissions could potentially impact both the discovery and the communications phases of D2D. However with regard to PUSCH transmissions, the PUSCH transmissions of device C could be scheduled to avoid the discovery phase of the D2D transmissions, but likely not the D2D transmissions during the communications phase. A simplified analysis in [6] has shown that the interference zone due to the inband emissions for these inter-device scenarios can be quite large, potentially on the order of 10s or 100s of meters.
Observation #1
· D2D inter-device interference can potentially result in significant degradation to D2D transmissions.
Proposal #1
· RAN4 evaluates D2D inband emissions due to inter-device interference.
3.2 Intra-Device Interference

Intra-Device interference is related to the case when a device A is transmitting simultaneously both to a nearby device B using D2D communication in a first set of resource blocks, and transmitting to a network (NW) node using a second set of RBs, as illustrated in Figure 3. An example scenario for this would be when a device A transmits a beacon signal and simultaneously transmits a PUCCH to the network node, but other scenarios may also exist. Note that the intra-device interference will be limited to full and partial coverage scenarios.
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Figure 3: Example of Intra-Device D2D interference. Device A is simultaneously transmitting to both a serving ENodeB and to Device B using in-band D2D communication. In case of a large TX power imbalance, say high TX power to the NW node, and low TX power to device B,  the inband emission originated from the NW node RBs may interfere with the RBs transmitted to device A. 

3.2.1   Power imbalance between channels

For the scenario described above, due possibly to independent power control loops, there may be a large power imbalance between the transmitted RBs to the network (NW) node and the RBs transmitted to device B. Assuming say high TX power to the NW node, and low TX power to device B, the inband emissions originated from the NW node RBs may interfere with the RBs transmitted to device A, possibly degrading the EVM on the transmitted D2D signal. Based the 3GPP inband UE emission specification in TS36.101 [7], the emission noise floor is -30 dBc relative to PSD for the transmitted resource blocks. Hence from a 3GPP requirement point of view this indicates that there will be a maximum acceptable TX imbalance, in the order of 20 dB. Therefore we believe this limit needs to be taken into consideration in the further system simulations.

3.2.2
Simultaneous transmission/reception

Another possible scenario is that devices simultaneously transmit to the NW node (for instance a PUCCH) in a first set of RBs and at the same time monitor for a beacon signal transmitted from another device in a second set of RBs in the same system bandwidth. In this case the interference scenario (due to inband emission) might be too high for a device with reasonable cost, and we propose that such a scenario should not be assumed.  

Observation #2
· D2D intra-device interference can potentially result in significant degradation of EVM for simultaneous network and D2D transmission.
Proposal #2
· RAN4 evaluates D2D inband emissions due to intra-device interference from power imbalance between transmitted RBs.
4   Assumptions for the evaluation of D2D inband Emissions
4.2 Deployment Reference Model

In order to accurately evaluate the impact of inband emissions on both inter-device and intra-device D2D transmissions it is proposed that RAN4 model the impact of inband emissions for these scenarios and agree on the following simulation assumptions. In [3] Public Safety scenarios have been prioritized over general scenarios. Furthermore in [2] 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 [2] and are reproduced in Appendix A of this contribution for reference. Furthermore, Appendix A2.1.2 of [2] 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.
Proposal #3
· D2D inband emissions be initially evaluated for public safety scenarios using the deployment option 5 reference model.
4.3 Assumptions regarding D2D transmission formats

In [5] it is noted that there are ongoing discussions on the formats to be employed in the UL transmissions for D2D communications. Specifically it should be noted that both the use of the existing legacy SC-OFDM format as well as use of OFDMA for the UL transmissions of D2D signally are being investigated. In [5] is it noted that the use of SC-OFDM is FFS. With respect to this ongoing analysis in RAN1 it is proposed that the impact of D2D inband emissions be evaluated for both SC-OFDM and OFDMA.

Proposal#4
· D2D inband emissions be initially evaluated for public safety scenarios using both SC-OFDM and OFDMA transmission formats for the UL D2D channel
4.4 UE Transmission Reference Model

In order to properly model the inband emissions for D2D transmission an acceptable model of the UE inband emissions will need to be agreed upon. It is proposed to use a typical UE inband emission model. The choice of this model is FFS
Proposal #5
· D2D in-band emission simulations will employ a typical UE in-band emission model. The choice of model is FFS.
5


Discussion and Conclusions
Observation #1
· D2D inter-device interference can potentially result in significant degradation to D2D transmissions.

Observation #2
· D2D intra-device interference can potentially result in significant degradation of EVM for D2D transmissions.
Proposal #1
· RAN4 evaluates D2D inband emissions due to inter-device interference.
Proposal #2
· RAN4 evaluates D2D inband emissions due to intra-device interference from power imbalance between transmitted RBs.

Proposal #3
· D2D inband emissions are initially evaluated for public safety scenarios using the deployment option 5 reference model.
Proposal#4
· D2D inband emissions be initially evaluated for public safety scenarios using both SC-OFDM and OFDMA transmission formats for the UL D2D channel
Proposal #5
· D2D in-band emission simulations will employ a typical UE in-band emission model. The choice of model is FFS.
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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
3GPP
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