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1 Introduction
This document discusses the co-existence results presented at R4#71 for D2D_communications in particular the choice of traffic models and MCL values used in the co-existence simulations. 
2 Background
D2D and WAN co-existence simulations results presented in [1], [2], [3] and [4] did not show much alignment between companies for throughput loss in the victim system. However, further investigation and have shown these differences could be due to the choice of traffic model used in the simulations.  This aspect has now being partially addressed in simulation assumption way forward agreed in Table 1.5.3.3-1 in the R4 D2D TR [5] which is captured below.  

TR Table 1.5.3.3-1: Simulation assumptions: Public safety D2D communications [5] 
	Parameter
	Value

	D2D signal bandwidth
	2 PRBs

	Average number of  D2D communication sessions  per cell
	Option 1: Average number of broadcast transmitters per cell is 3

Option 2: Average number of broadcast transmitters per cell is 6

Both Option 1 and 2 are simulated.

Note:

a) Option 2 is being simulated to study robustness of the system in case of rare events. 

b) Only critical problems identified with 12 Tx UEs, if any, will be addressed in rel-12. No optimization for 12 TX UEs will be considered in rel-12.
These assumptions only apply to public safety use cases and may need to be revisited in RAN4 for analysis of non-public safety use case scenarios.

	D2D Traffic model
	VoIP as defined in Table A.2.1.3-1 in TR 36.843, with a maximum of 4 HARQ transmissions per packet (can be updated based on RAN1 agreement on number/periodicity of transmissions)

· Voice activity factor of 75%

· 5ms maximum periodicity in transmissions (without activity factor) 
Note: 

1. Companies may provide results for full buffer traffic model as specified in TR 36.942 for RAN4 information only. 

2. Rel-12 specifications and conclusions for Rel-12 D2D coexistence study shall be based on the VOIP model defined in TR 36.843 in the case of co-existence with adjacent systems . 

	D2D resource selection by UE
	For Mode 2 when out-of-coverage: Randomly selected per transmission (can be updated based on RAN1 agreements)

	D2D UE transmit power control
	Baseline: No power control (can be updated based on RAN1 agreement)

	UE max transmit power
	For WAN UEs in victim network: 23 dBm

For D2D UEs in aggressor network:

For general scenario: 23 dBm 

For public safety scenario: 23dBm, 31dBm 


The selection of the traffic model and the real time activity factor in the aggressor network has a crucial impact on modelling the amount of interference caused to the victim network. Therefore, realistic assumptions on traffic model in the LTE network are key to a fair assessment of co-existence between LTE and other services. In the following sub-clauses we look at the differences between the full buffer traffic model and the VOIP traffic model.
2.1
Full buffer traffic model 

Co-existence simulations in R4 have traditionally been based on the full buffer traffic model. This has been used in 
LTE rel-8 and HPUE in rel-11 to set ACIR requirements to ensure throughput degradation to the adjacent system is less than 5%. The full buffer model is also specified in RAN4 system scenario TR36.942 [6] and used in other co-existence forums. The full buffer model is a simplified version of the traffic received/transmitted by a user in a data session and is in line with 3GPP 36.814 [7] that System throughput studies shall be assessed using full-buffer traffic model capturing continuous traffic and non-varying interference. The full buffer model therefore represents a worst case traffic model for co-existence and covers the cases of interferer due to continuous data and bursty data 
2.2 VOIP traffic model 

3GPP 36.814 [7] also allows that additionally, evaluations with time-varying interference shall be carried out using bursty traffic models. This model is useful in providing an estimate of capacity particular for VOIP type services.  VoIP traffic represents such a bursty traffic model and consists of talk-spurts and silent periods, with relatively small packets transmitted quite rarely. In TR36.843 [8] the VOIP traffic model has be defined in Table A2.1.2-1 and has been used as the baseline for D2D broadcast evaluations in RAN1. Each transmitter generates VOIP traffic according to the following assumption:
TR36.843; Table A.2.1.3-1: Parameters for VoIP model [8]
	Parameter
	Value

	Codec 
	Source rate 12.2 kbps

	Encoder frame length
	20 ms

	Voice activity factor 
	75% 

	Talk spurt 
	Exponential distribution:  mean = 2.5 seconds

	Voice payload per speech frame during active talk
	Baseline: With header compression 41 Bytes (328 bits)

Optional: Without header compression 70 Bytes (560 bits)

	SID payload
	Not modelled

	Outage definition
	2% (may be revisited later)


In R4 the following simulation assumption way forward agreed in Table 1.5.3.3-1 in the R4 D2D TR [5] which is captured below taking into account the VOIP model defined in TR36.843 [8]   

D2D TR Table 2.5.3.3-1: Simulation assumptions: Public safety D2D communications [5]

	D2D Traffic model
	VoIP as defined in Table A.2.1.3-1 in TR 36.843, with a maximum of 4 HARQ transmissions per packet (can be updated based on RAN1 agreement on number/periodicity of transmissions)

· Voice activity factor of 75%

· 5ms maximum periodicity in transmissions (without activity factor) 

Note: 

3. Companies may provide results for full buffer traffic model as specified in TR 36.942 for RAN4 information only. 

4. Rel-12 specifications and conclusions for Rel-12 D2D coexistence study shall be based on the VOIP model defined in TR 36.843 in the case of co-existence with adjacent systems. 


There is some lack of alignment in terms of actual values for some of the VOIP parameters; SID payload, head compression and talk spurts. Therefore, even if a VOIP traffic model is used as a baseline evaluation, we would expect to see some difference in the results for the victim system using the VOIP traffic model. 

In the case of the D2D, the VoIP traffic model, it is assumed 4 blind re-transmission (4ms of traffic) in every 20ms, this translate to roughly 20% of the full buffer model traffic load. Considering 75% voice activity factor, the traffic load will be further reduced and the consequential impact to the victim system. 
2.3 Minimal Coupling Loss (MCL) Consideration

In [5], the following MCL values were assumed

	Minimum coupling loss (for both D2D & WAN UEs from eNodeB)
	As per Section 4.5.1 in TR 36.942 

· For layout options 1, 3: 70 dB

· For layout option 5: 80 dB


Where the public safety scenario were defined as follows, 

	Public safety scenario
	(Mandatory) Option 5: Urban macro (1732m ISD), uniform (outdoor) drop 

(Optional) Option 5: Urban macro (1732m ISD) , indoor/outdoor drop
	1


Please note that in [6] TR 36.942, the MCL were defined in the table below, 
TR 36.942 Minimum Coupling Losses (Table 4.4)

	Environment
	Scenario
	MCL

	Macro cell Urban Area
	BS ( UE
	70 dB

	Macro cell Rural Area
	BS ( UE
	80 dB


For Macro cell rural area scenario, the MCL is 80dB. However, the public safety scenario (Option 5) is defined as urban macro (1732m ISD). In this case, the realistic MCL value for public safety scenario should be 70dB as defined in TR 36.942. This also agrees with field measurement that for cell deployment of 1732m ISD (with tower height of about 30 meter), the MCL is mostly 70dB. 
In our results [2] we have provide simulation results based on a MCL=80dB as per the agreed simulation assumptions captured in the R4 D2D TR using the same MCL value as results from other companies 
4.0 Observations 

The full buffer model represents a worst case traffic model for co-existence since UE is assumed to be transmitting continuously during the Monte-Carlo simulations. A simple conversion of a throughput result derived from a full buffer model to account for the bursty VOIP traffic with a maximum of 4 HARQ transmissions per packet and voice activity factor, would result in a 1-20%*75% =85%  reduction in the simulated full buffer throughput loss.
Therefore, assuming that the VOIP traffic model represents the PS usage case and full buffer data services are not expected to be used for D2D_communications, the results presented by companies at R4#71 represents a better alignment for the VOIP case.
Table 3.3-1 show the results presented at R4#71 taking into account the full buffer model conversion to a VOIP traffic model (**) for the results presented by Motorola Solutions (R4-43733) and Coolpad (R4-143334).  Results are shown for 3, 6 and 12 number of simultaneous D2D_communication users in WAN cell for the Mandatory Public safety scenario Option 5: Urban macro (1732m ISD), uniform (outdoor) drop

Table 3.3-1 Summary of D2D simulation results for option 5 (mandatory) 
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It is proposed the result for both VOIP and full buffer model (if provided) are captured in the R4 D2D TR [5]. The full buffer results would represent the worst case traffic scenario in the case of different traffic models or higher data rate usage for D2D services. In line with the agreement reached in [5] the R4 D2D specification should only take into account the VOIP model since this is assumed to be the traffic model for D2D_ communication.
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5.
Annex: Simulation assumption as specified in the D2D TR 36.XXX V0.0.3 (2014-05) to consider out of band co-existence
5.5
Out of band co-existence 

5.5.1
Coexistence scenarios

The approved WID identifies D2D discovery in network coverage and D2D communications in network coverage, outside network coverage, and in partial network coverage as the focus for the Rel-12 work item. The methodology for simulating the impact of D2D aggressor networks is based on the methodology defined in TR36.942 as per the WF defined in R4-141214. Note that the simulation assumptions for D2D broadcast communication apply only to public safety use cases in Release 12. The following coexistence scenarios are then identified.

Table 5.5.1-1: D2D coexistence scenarios

	D2D use case
	Deployment scenario

	In-network discovery
	(Mandatory) General scenario

(Optional) Public safety scenario

	Out-of-network broadcast communications
	(Mandatory) Public safety scenario




The details of the deployment scenarios are presented in the following subsections. 

5.5.2
Deployment scenarios

Table 5.5.2-1: Details on deployment scenarios

	Scenario
	Layout (in order of priority)
	Notes

	General scenario
	(Mandatory) Option 1: Urban macro (500m ISD) + 1 RRH/Indoor Hotzone per cell

(Optional) Option 3: Urban macro (500m ISD) (all UEs outdoor) 
	1

	Public safety scenario
	(Mandatory) Option 5: Urban macro (1732m ISD), uniform (outdoor) drop 

(Optional) Option 5: Urban macro (1732m ISD) , indoor/outdoor drop
	1


Notes:

1. Details on the deployment scenarios are specified in Table A.2.1.1-1 of TR 36.843.

5.5.3
Simulation Assumptions

5.5.3.1
General
Table 5.5.3.1-1: Simulation assumptions: General

	Parameter
	Value

	WAN UL scheduler algorithm
	Round robin

	RBs allocated per active WAN UE
	16 PRBs 

	Number of active WAN UEs
	25 / cell

	Minimum coupling loss (for both D2D & WAN UEs from eNodeB)
	As per Section 4.5.1 in TR 36.942 

· For layout options 1, 3: 70 dB

· For layout option 5: 80 dB

	WAN UE transmit power control
	As per PC set 1 and PC set 2 of TR36.942

· Note that power control algorithm parameters (PodBm, CLxile) should be optimized for different network layouts being simulated. For simplicity, power control algorithm parameters are reused from TR 36.942 for all network layouts.

PC Set

Gamma

CLxile (dBm)

1

1

112

2

0.8

129



	UE-eNodeB pathloss models
	As per TR 36.843

(Note: As specified in TR 36.843, layout options 1 and 3 correspond to 3GPP Case 1, and layout option 5 corresponds to 3GPP Case 3. Pathloss models for 3GPP case 1 and 3 are specified in TR 36.814 and TR 25.814, and provided here for completeness.) 
· For layout options 1, 3: Use Table A.2.1.1.5-1, 3GPP Case 1

· For layout option 5: Use Table A.2.1.1.5-1, 3GPP Case 3 

· For fc of 700 MHz, a correction factor of 20log10(0.7/2) is applied

· Penetration loss: As per Table A.2.1.1-1 in TR 36.814. 

· Wall loss: For indoor users, when present, additional wall loss is specified in Table A.2.1.1.5-1

· eNodeB antenna pattern: As per Table A.2.1.1-2 in TR 36.814.

UE-eNodeB pathloss model

Shadowing standard deviation

PLoss

Wall loss

PLLOS(R)= 103.4+24.2log10(R)
PLNLOS(R)= 131.1+42.8log10(R)
For 2GHz, R in km.

Case 1:Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)
Case 3: Prob(R)=exp(-(R-0.01)/1.0)
10 dB

20 dB

20 dB (when UE in indoor)

(Note these match the system calibration results in Figure A.2.2-1 in TR 36.814 for Case 1, 3D)

	UE RF parameters
	Noise figure: 9dB

Antenna pattern: Omni-directional with gain of 0dBi 

Number of antennas: 1 Tx, 2 Rx

	eNodeB RF parameters
	Noise figure: 5dB

Antenna pattern: From Section 4.2.1.1 of TR 36.942
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	Channel 
	AWGN

	SINR-to-rate mapping
	As per link level performance model in TR 36.942 (Table A.2)

	UE ACLR model
	For power class 3 UEs (23dBm max transmit power)

· For narrowband D2D aggressors (2RBs):

Frequency offset between aggressor UE (2 RBs) and victim UE (16RBs)
ACIR value (dB/16RBs)
0 RBs

30 

16 RBs

43 

>=[32RBs] FFS
[50] FFS

· For WAN aggressors (16RBs): As per TR 36.942 (two-step): ACLR1/2 = 30/43 dB/BWaggressor

For power class 1 UEs (31dBm max transmit power)

· For narrowband D2D aggressors (2RBs): 7 dBs tighter than ACLR model for power class 3 UEs
· For WAN aggressors (16RBs): Two-step: ACLR1/2 = 37/50 dB/BWaggressor


5.5.3.2
D2D discovery
Table 5.5.3.2-1: Simulation assumptions: D2D discovery

	Parameter
	Value

	Discovery signal bandwidth
	2 PRBs

	Discovery resource allocation
	64 UL subframes every 10sec (can be updated based on RAN1/RAN2 agreements on resource allocation).
In discovery subframes, FDM between D2D and PUCCH is assumed.

 SHAPE  \* MERGEFORMAT 




	Number of PUCCH regions
	6 PRBs

	Discovery resource selection by UE
	Type 1 discovery procedure is assumed with baseline (random) resource selection method by the UE (can be updated based on RAN1 agreements)

	Number of D2D UEs participating in discovery per cell
	General Scenario

· From Table A.2.1.1-1 of TR 36.843
· Option 1: 150 UEs / cell

Public Safety Scenario

· For 23dBm UE max transmit power

· Option 5: 150 UEs / cell

· For 31dBm UE max transmit power 

· Option 5: 32 UEs/cell

	D2D UE transmit power control
	Baseline: No power control (can be updated based on RAN1 agreement)

	UE max transmit power
	For WAN UEs in victim network: 23dBm

For D2D UEs in aggressor network:

For general scenario: 23 dBm 

For public safety scenario: 23dBm, 31dBm


5.5.3.3
Public safety D2D communications
Table 5.5.3.3-1: Simulation assumptions: Public safety D2D communications

	Parameter
	Value

	D2D signal bandwidth
	2 PRBs

	Average number of  D2D communication sessions  per cell
	Option 1: Average number of broadcast transmitters per cell is 3

Option 2: Average number of broadcast transmitters per cell is 6

Both Option 1 and 2 are simulated.

Note:

c) Option 2 is being simulated to study robustness of the system in case of rare events. 

d) Only critical problems identified with 12 Tx UEs, if any, will be addressed in rel-12. No optimization for 12 TX UEs will be considered in rel-12.
These assumptions only apply to public safety use cases and may need to be revisited in RAN4 for analysis of non-public safety use case scenarios.

	D2D Traffic model
	VoIP as defined in Table A.2.1.3-1 in TR 36.843, with a maximum of 4 HARQ transmissions per packet (can be updated based on RAN1 agreement on number/periodicity of transmissions)

· Voice activity factor of 75%

· 5ms maximum periodicity in transmissions (without activity factor) 

Note: 

1. Companies may provide results for full buffer traffic model as specified in TR 36.942 for RAN4 information only. 

2. Rel-12 specifications and conclusions for Rel-12 D2D coexistence study shall be based on the VOIP model defined in TR 36.843 in the case of co-existence with adjacent systems. 

	D2D resource selection by UE
	For Mode 2 when out-of-coverage: Randomly selected per transmission (can be updated based on RAN1 agreements)

	D2D UE transmit power control
	Baseline: No power control (can be updated based on RAN1 agreement)

	UE max transmit power
	For WAN UEs in victim network: 23 dBm

For D2D UEs in aggressor network:

For general scenario: 23 dBm 

For public safety scenario: 23dBm, 31dBm 


5.6
Impact on cellular traffic 

5.6.1
D2D discovery

5.6.2
Public safety D2D communications
FDM between D2D and PUCCH (e.g., from legacy UEs)





TDM between D2D and PUSCH





Discovery resource allocation (network’s perspective)
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