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1. Introduction

In this document we propose simulation scenarios and assumptions for evaluation of the new LTE Rel-11 SI on “Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation” that was approved in RAN#51 [1]. The system level evaluation assumptions that are used by RAN1 group are summarized in several technical reports [2], [3]. The performance evaluation of LTE-TDD SI requires definition of additional parameters to perform evaluation of DL-UL interference management schemes and traffic adaptation. In particular modeling of TDD DL-UL reconfiguration will require definition of additional propagation models (e.g. eNB↔eNB and UE↔UE links).
The system level simulation assumptions proposed in this contribution reuse baseline methodologies adopted by 3GPP [2], [3] and additionally define parameters specific for study item on further enhancements to LTE TDD systems. To avoid ambiguities we propose to keep all assumptions in one place and summarize them in one document that can be used by RAN1 for LTE-TDD SI system level evaluation.
2. Deployment Scenarios
The scope of the LTE Rel-11 study item on TDD interference management and traffic adaptation includes assessment of the benefits of DL-UL reconfigurations for the isolated cell scenario (without co-channel interference) and multi-cell scenario (with co-channel interference). The multi-cell deployment is a more practical assumption. So we suggest that final conclusions on the effectiveness of DL/UL adaptation and interference management should be based on the multi-cell scenario.
Traditional system level performance evaluation deals with DL only or UL only interference environments. The system level performance evaluation of asynchronous DL-UL transmissions requires more sophisticated modeling of DL-UL interference environment (e.g. of UE↔UE and eNB↔eNB links) [4], that requires definition of channel propagation models for new types of links.

The LTE-TDD study item aims to evaluate the efficiency of DL-UL reconfigurations in both homogeneous and heterogeneous networks. The following scenarios are proposed for further considerations:
· Homogeneous network scenarios:
· Scenario 1A: Homogeneous macro-cell network (baseline scenario);
· Scenario 1B: Homogeneous micro-cell network (optional scenario);
· Heterogeneous network scenarios:
· Scenario 2A: Heterogeneous network with outdoor Pico-eNBs within the macro-cell coverage of Macro-eNB (Macro + Outdoor Pico);
· Scenario 2B: Heterogeneous network with indoor HeNBs within the macro-cell coverage (Macro + Indoor Femto).
2.1. Homogeneous Network Scenarios
Homogeneous scenario has typical hexagonal multi-cell deployment with 19-cells, where each cell has 3-sectors. For evaluation of homogeneous networks we propose to consider two deployment scenarios:

· Scenario 1A: Homogeneous macro-cell network (baseline)
The macro-cell homogeneous deployment scenario is based on the ITU-R IMT-Advanced Urban Macro (UMa) scenario. To perform assessment of interference environment assuming different DL-UL reconfiguration the channel propagation characteristics for the following types of links have to be additionally defined:

· Macro-eNB↔Macro-eNB. Macro-eNB nodes are located above the rooftop level and propagation conditions between them are close to LOS. In this case a well-known Winner II B5a channel model [8] may be applied for modeling of large-scale and fast fading channel models. This model assumes that signal consists of a strong LOS signal and a single bounce reflection.
· Outdoor UE↔Outdoor UE. In ITU-R IMT UMa scenario all users are located outdoor (in car). To model UE↔UE links in outdoor conditions the appropriate propagation characteristics have to be defined. The results of experimental measurements published in papers [9], [12] show that the path loss exponent for a typical urban environment is higher for a mobile-to-mobile environment compared with the base-to-mobile environment. The reported path loss exponent values for mobile-to-mobile links are in the range between 4 and 5 at 900 MHz band or even higher (5-6) for 2 GHz and 5 GHz frequency bands. Additionally it was also measured that shadow fading standard deviation for mobile-to-mobile links is also larger and its deviation increases with the distance between mobile terminals [9]. Different values of shadow fading standard deviation were reported in different experimental campaigns [9], [12] ranging from 0 to 3 dB in LOS and from 8 to 16 dB in NLOS and even higher at large distances. To reflect higher value of shadow fading standard deviation in UE↔UE links we propose to apply shadow fading standard deviation equal to 12 dB for NLOS and 2 dB for LOS links (see Table 2).
· Scenario 1B. Homogeneous micro-cell network (optional)
The micro-cell homogeneous deployment scenario is based on the ITU-R IMT-Advanced Urban Micro (UMi) scenario. Similar scenario was adopted and used by RAN1 group for evaluation of the CoMP study item [3].

To model asynchronous DL-UL interference, propagation characteristics for UE to UE link have to be additionally specified. For the proposed ITU-R IMT UMi scenario UE users may be located outdoors or indoors. In this case multiple subtypes of UE to UE links may exist (e.g. outdoor UE to outdoor UE, outdoor UE to indoor UE, indoor UE to indoor UE). Since UMi model does not support the modeling of buildings deployments there is some uncertainty when links between UEs are considered. For example if we have two indoor users then it is unclear whether they are located inside the same building or in different buildings. To avoid such kind of uncertainty we propose that all users are located outdoors.
To perform assessment of interference environment assuming different DL-UL reconfiguration the channel propagation characteristics for the following links have to be additionally defined:

· Macro-eNB↔Macro-eNB. In urban microcellular deployment scenario Macro-eNBs are located below rooftop level (10m). For this case we suggest using modified ITU-R IMT UMi channel models where changes reflect the equal antenna heights of the transmitter and receiver stations. The potential modifications should include higher LOS probability, equal angle of arrival and departure distributions, and lower propagation loss values for NLOS.

· Outdoor UE ↔ Outdoor UE. All UEs are assumed to be located outdoors and the UE↔UE model proposed for homogeneous Scenario 1A is recommended.
2.2. Heterogeneous Network Scenarios
In heterogeneous network scenarios it is assumed that low power nodes (pico-cell, femto-cell, RRHs) are placed in a macro-cell coverage area. For evaluation of the heterogeneous multi-cell deployment scenario we propose to consider two following network scenarios:

· Scenario 2A: Heterogeneous network with outdoor Pico-eNBs within the macro-cell coverage (Macro + Outdoor Pico)
This scenario includes the joint deployment for Macro-eNBs and outdoor RRH/Hotzone (Pico-eNB). Macro-eNB stations provide macro cell coverage and are assumed to be located according to the hexagonal layout at the above rooftop level. Pico-eNBs stations enable outdoor hotspot coverage and are randomly deployed across the macro cell area at the below rooftop level.
We suggest using ITU-R IMT-Advanced Urban Macro (UMa) model for evaluation of propagation characteristics between Macro-eNB↔Macro-UE and Macro-eNB↔Pico-UE. For modeling propagation characteristics between Pico-eNB↔Pico-UE and Pico-eNB↔Macro-UE the ITU-R IMT-Advanced Urban Micro (UMi) scenario should be used. Note that this assumption is consistent with the evaluation assumptions that were used in the CoMP study item for heterogeneous networks.
In Scenario 2A the characteristics for the following types of links have to be additionally specified by RAN1 for further evaluation:

· Macro-eNB↔Macro-eNB. Same model as for Scenario 1A is recommended.
· Macro-eNB↔Pico-eNB. Macro-eNB station is located at above rooftop level (25m) and the Pico-eNB station is located at below rooftop level (10m). To simulate this link we suggest the Macro-Outdoor Relay channel model defined in the TR36.814 Annex A. Several channel propagation characteristics need to be additionally defined (LOS shadow fading standard deviation, fast fading channel model).
· Pico-eNB↔Pico-eNB. Pico-eNB nodes are located below-rooftop and the propagation conditions are very similar Macro-eNB to Macro-eNB channel in Scenario 1B.
· UE ↔ UE. Same model as in Scenario 1A may be used.
The detailed description on specific parameters for propagation channel modeling in Scenario 2A is provided in section 3 of this document.

· Scenario 2B: Heterogeneous network with femto-cells within the macro-cell coverage (Macro + Indoor Femto)
The last scenario proposed for evaluation in LTE-TDD SI is based on deployment of Macro-eNBs and indoor femto-cells (HeNB) (see Figure 1). The Macro-eNB stations provide macro-cell coverage and are assumed to be located according to the hexagonal layout at the above rooftop level and the inter-site distance is 500 m. Indoor femto-cell deployment is based on the dual-stripe model described in [2], [10]. In this scenario each macro-cell area is assumed to have a building block which represents two stripes of apartments; each stripe has two rows with N apartments; each apartment is of size 10m by 10m. There is a 10m width street between the stripes. So each Femto-cell block is of size 10×(N+2)m × 70m. The detailed description of the dual-stripe modelling procedure is provided in [10] and proposed simulation parameters are defined in section 3. Optionally the HeNB deployment based on the 5x5 grid model [2], [10] may be considered.
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Figure 1: Scenario 2B deployment
The required propagation channel models for links between Macro-eNB and UE, HeNB and UE stations are defined in [2]. The following types of links have to be additionally agreed by RAN1 group to support system level evaluation in Scenario 2B:

· Macro-eNB↔Macro-eNB. The same model as for Scenario 1A is recommended.

· Macro-eNB↔HeNB. The same propagation model as for Macro-eNB↔UE link may be used.

· HeNB↔HeNB. The same propagation model as for HeNB↔UE link may be used.

· UE↔UE.  The same channel model as in Scenario 1A may be applied for outdoor UE to outdoor UE links. The parameters of HeNB-UE link may be reused for modeling channel propagation characteristics when one of the users in located indoor.
3. Summary of Simulation Parameters 
The system simulation parameters proposed for LTE-TDD evaluation in different multi-cell scenarios are summarized in Table 1.
Table 1: System simulation parameters

	Parameter
	Values used for evaluation

	Network deployment scenarios
	Scenarios 1A (Baseline) and 1B (Optional): Homogeneous network with Macro-eNB only deployment (deployment specific parameters are defined in Table 2)

Scenario 2A (Baseline): Heterogeneous network with outdoor Pico-eNBs within the macro-cell coverage (deployment specific parameters are defined in Table 3)

Scenario 2B (Optional): Heterogeneous network with indoor femto-cells (HeNBs) within the macro-cell coverage (deployment specific parameters are defined in Table 4)

	Performance metrics
	Performance metrics proposed in A.2.1.3.2 and A.2.1.4 of TR-36.814 can be applied
Performance metrics shall be reported for DL and UL flows independently
Jain’s Fairness Index may be provided for information 
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	UL Power control parameters
	Power control parameters (P0 and α) are chosen according to the deployment scenario. Average IoT value is reported with simulation results.

	Thermal noise level
	–174 dBm/Hz

	Network synchronization
	Synchronized frame, subframe and symbol boundaries; DL/UL subframes transmissions may be asynchronous

	DL/UL overhead assumptions
	Should be specified by the contributors

	Traffic model
	· Full buffer traffic model

· Non-full buffer FTP traffic model according to the TR 36.814 A.2.1.3.1
· FTP Model 1 is used for all scenarios. In heterogeneous scenarios the user arrival rate parameters should be separately assigned to each type of serving stations (i.e. Macro, Femto, Pico). The parameters should be adjusted to ensure the same amount of total DL-UL traffic per macro-cell and pico-cell/femto-cell. When a new packet arrives it should be assigned to one of the associated users in accordance with round robin approach.
· FTP Model 2 may be optionally used for Scenarios 1A and 1B.

	Traffic asymmetry model
	DL-UL traffic asymmetry modeling should be implemented according to the procedure in [5]. The average total amount of generated DL and UL traffic (TDL-UL) should be the same for all serving stations of the network. The DL-UL traffic asymmetry in each station should be controlled by the assigned traffic asymmetry indicator RDU. The evaluation may be performed for different TDL-UL values. The parameters of FTP traffic models shall be adjusted to ensure the same in average sense total amount of generated traffic per serving station of the network.
Homogeneous deployment scenario:

The set of two DL-UL traffic asymmetry indicators should be defined (e.g.  
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that should be reported with the simulation results.
Heterogeneous deployment scenario:
In heterogeneous deployment scenario the DL-UL traffic asymmetry indicators may be different among macro-stations and additionally among pico or femto stations deployed within macro-cell area. To support such flexibility two sets of DL-UL traffic asymmetry indicators should be defined. One set should be used for macro-cell sites (e. g.
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[image: image14.wmf]1

:

9

1

)

(

=

-

Femto

Pico

DU

R

, 
[image: image15.wmf]4

:

6

2

)

(

=

-

Femto

Pico

DU

R

). The DL-UL traffic asymmetry indicators
[image: image16.wmf]1

Macro

DU

R

-

 or 
[image: image17.wmf]2

Macro

DU

R

-

 should be assigned to macro-cell sites with probabilities 
[image: image18.wmf]1

Macro

DU

R

P

-

 and 
[image: image19.wmf]2

Macro

DU

R

P

-

 respectively (
[image: image20.wmf]1

2

1

=

+

-

-

Macro

DU

Macro

DU

R

R

P

P

). The DL-UL traffic asymmetry indicators 
[image: image21.wmf]1

)

(

Femto

Pico

DU

R

-

 or 
[image: image22.wmf]2

)

(

Femto

Pico

DU

R

-

 should be assigned to pico(femto)-cell with probabilities 
[image: image23.wmf]1

)

(

Femto

Pico

DU

R

P

-

 and 
[image: image24.wmf]2

)

(

Femto

Pico

DU

R

P

-

 respectively (
[image: image25.wmf]1

2

)

(

1

)

(

=

+

-

-

Femto

Pico

DU

Femto

Pico

DU

R

R

P

P

). Evaluation may be performed for different values of
[image: image26.wmf]1

Macro

DU

R

P

-

, 
[image: image27.wmf]2

Macro

DU

R

P

-

 and, 
[image: image28.wmf]1

)

(

Femto

Pico

DU

R

P

-

, 
[image: image29.wmf]2

)

(

Femto

Pico

DU

R

P

-

. These values should be reported with the simulation results.


Table 2: Simulation parameters Scenario 1 (Homogeneous Macro Deployment)

	Parameter
	Values used for evaluation

	
	Scenario 1A – Macro-cell (Baseline)
	Scenario 1B – Micro-cell (Optional)

	Simulation case
	Macro-cell deployment based on ITU UMa scenario (TR 36.814 Annex A)
	Micro-cell deployment based on ITU UMi scenario (TR 36.814 Annex A)

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Network layout
	Hexagonal grid, 19 sites, 3 sectors per site, wrap-around; Macro-eNB only deployment

	Inter-site distance
	500 m
	200 m

	Equipment models
	Macro-eNB: 
see Table 5
UE: 

see Table 8

	UE distribution
	Uniform over the entire area; 100% users are located outdoor (pedestrian users)
	Uniform over the entire area; 100% users are located outdoor (pedestrian users)

	UE speed
	3 km/hr
	3 km/hr

	Number of UEs per cell 
	Full buffer traffic model: 10

Non-full buffer traffic model: 10 for FTP Model 1; dependent on target resource utilization for FTP Model 2

	Minimum distance between network nodes
	Macro-eNB – UE: 
≥ 25m

UE – UE: 

≥ 3m
	Macro-eNB – UE: 
≥ 10m

UE – UE: 

≥ 3m

	Macro-eNB↔UE link propagation parameters
	ITU-R IMT UMa (TR 36.814 Annex B); no outdoor in-car penetration loss
	ITU-R IMT UMi (TR 36.814 Annex B)

	Macro-eNB ↔ Macro-eNB link propagation parameters
	General description
	Winner II B5a channel model [8]
	Modified IMT UMi model (TR 36.814 Annex B); LOS and NLOS components only

	
	Distance dependent path-loss
	PL(R) = 23.5log10(R[m]) + 42.5 + 20.0log10(fc[GHz]/5.0) dB
Note: Applicable for 30m < R  < 8km; antenna height default values are 25m; applicable frequency range of fc 2 – 6 GHz
	Modified ITU-R IMT UMi path-loss model.
To accommodate equal heights of transmit and receive antennas the NLOS pathloss is proposed to be reduced by 10dB.

	
	LOS/NLOS probability
	LOS only
	TBD.
Original IMT UMi probability model (ProbLOS(R[m])=min(18/R,1)*(1-exp(-R/36))+exp(-R/36)) should be modified in favor of LOS propagation.

	
	Shadowing standard deviation
	3.4 dB
	LOS: 
3 dB

NLOS: 
4 dB

	
	Shadowing correlation
	Links between different sectors of two stations are correlated with coefficient 1.0.
All other links are uncorrelated.
	Links between different sectors of two stations are correlated with coefficient 1.0.
All other links are uncorrelated.

	
	Fast fading channel model
	Winner II B5a CDL model [8]
	Modified ITU-R IMT UMi channel model:
· Aligned AOD and AOA statistical distributions (mean and std. deviation values for AOA should be set equal to the AOD values)

	
	Doppler fading model
	Doppler effect is neglected (approximately 0.1 Hz according to [8])
	Doppler effect is neglected 

	Outdoor UE ↔ Outdoor UE link propagation parameters
	General description
	Propagation characteristics for UE↔ UE links are in accordance with the experimental measurement results described in [9], [11], [12].

	
	Distance dependent path-loss
	PLLOS(R) =20 log10(R[m]) -27.6+ 20.0log10(fc[MHz]) dB

PLNLOS(R) =58.6 log10(R[m]) – 62.01+ 20.0log10(fc[MHz]) dB

	
	LOS/NLOS probability
	The LOS probability is based on the approximation of the results provided in [9].
ProbLOS(R[m])=min(1,exp(-(R-25)/40))

	
	Shadowing standard deviation
	LOS: 
2 dB
NLOS: 
12 dB

	
	Shadowing correlation
	Shadowing correlation is modeled according to [11]. Decorrelation distance is equal to 20 m. Spatial correlation function[image: image31.png]


 is described by equation: 
 

	
	Fast fading channel model
	Modified ITU-R IMT UMi channel model:

· Aligned AOD and AOA statistical distributions (mean and std. deviation values for AOD are set equal to the AOA values). AOD/AOA spread (log10(degrees)):

· LOS:
μ = 1.75, σ = 0.19;
· NLOS:
μ = 1.84, σ = 0.15.


Table 3: Simulation parameters Scenario 2A (Macro + Outdoor Pico Deployment)

	Parameter
	Values used for evaluation

	Simulation case
	Joint deployment of macro cells and outdoor pico cells in urban environment 

Based on CoMP SI Scenario 3 (HetNet) (TR 36.819 Annex A) with modifications

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Network layout
	Hexagonal grid, 19 sites, 3 sectors per site, wrap-around; regular Macro-eNB deployment and random Pico-eNB deployment (see below)

	Inter-site distance
	500 m (between neighboring Macro-eNB)

	Equipment models
	Macro-eNB:
see Table 5
Pico-eNB:
see Table 6
UE:

see Table 8

	UE speed
	3 km/hr

	Number of UEs per cell 
	30(baseline) or 60 (optional) (same as TR 36.814)

	Number of Pico-eNBs
	N = 1, 2, 4 or 10. N = 4 is baseline. 

	Placing of Pico-eNBs and UEs
	Low power nodes and UEs are placed according to the procedures defined in TR 36.814 Configuration #4b or Configuration #1. 100% of users are located outdoors (pedestrian users)
Clarifications on UE placement procedure (TR 36.819 Annex A):

· Fix the total number of users, Nusers, dropped within each macro geographical area;

· Randomly and uniformly drop the configured number of low power nodes, N, within each macro geographical area (the same number N for every macro geographical area, where N may take values from {1, 2, 4, 10}).

· Randomly and uniformly drop Nusers_lpn users within a 40 m radius of each low power node, where 
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 with Photspot defined in TR 36.814 Table A.2.1.1.2-5, where Photspot is the fraction of all hotspot users over the total number of users in the network.

· Randomly and uniformly drop the remaining (Nusers – Nusers_lpn*N) users, to the entire macro geographical area of the given macro cell (including the low power node user dropping area).

	Cell-range extension bias
	Should be specified by contributors

	Minimum distance between network nodes
	· Macro-eNB – Pico-eNB: 
≥ 75m

· Macro-eNB – UE: 
 
≥ 35m
· Pico-eNB – Pico-eNB:
≥ 40m

· Pico-eNB – UE: 

≥ 10m
· UE  – UE: 


≥ 3m
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	Macro-eNB↔UE link propagation parameters
	ITU-R IMT UMa (in accordance with TR 36.814 Annex A, B)

	Pico-eNB↔UE link propagation parameters
	ITU-R IMT UMi (in accordance with TR 36.814 Annex A, B)

	Macro-eNB↔Macro-eNB link propagation parameters
	See Macro-eNB↔Macro-eNB propagation parameters for Scenario 1A 

	Pico-eNB ↔ Pico-eNB link propagation parameters
	See Macro-eNB↔Macro-eNB propagation parameters for Scenario 1B

	Outdoor UE ↔ Outdoor UE link propagation parameters
	See Outdoor UE ↔ Outdoor UE propagation parameters for Scenario 1A 

	Macro-eNB ↔ Pico-eNB link propagation parameters
	General description
	Based on TR 36.814 channel model for Macro to Outdoor Relay link (Case 1 Urban)

	
	Distance dependent path-loss
	LOS: 
PLLOS(R[km]) =100.7+23.5log10(R)

NLOS: 
PLNLOS(R[km]) = 125.2+36.3log10(R)

Valid for 2GHz carrier

	
	LOS/NLOS probability
	ProbLOS(R[m])=min(18/R,1)*(1-exp(-R/72))+exp(-R/72)

	
	Shadowing standard deviation
	LOS: 
3 dB
NLOS: 
4 dB

	
	Shadowing correlation
	Across Macro-eNB sectors: 1.0

Uncorrelated for links between one Pico-eNB and different Macro-eNBs: 0.0

Uncorrelated for links between one Macro-eNB and different Pico-eNBs: 0.0

	
	Fast fading channel model
	Modified ITU-R IMT UMa:

· AOA spread should be set  equal to the values of UMi AOD spread (log10(degrees)):
· LOS: 
μ = 1.2, σ = 0.43
· NLOS: 
μ = 1.41, σ = 0.17

	
	Doppler fading model
	Doppler effect is neglected


Table 4: Simulation parameters Scenario 2B (Macro + Indoor Femto Deployment)

	Parameter
	Values used for evaluation

	Simulation case
	Joint deployment of macro cells and dual-stripe indoor femto-cells [10] in urban environment

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Network layout
	Hexagonal grid, 19 sites, 3 sectors per site, wrap-around; regular Macro-eNB deployment and random dual-stripe HeNB deployment (see below)

	Inter-site distance
	500 m (between Macro-eNB)

	Equipment models
	Macro-eNB: 
see Table 5
HeNB: 

see Table 7
UE: 

see Table 8

	UE speed
	3 km/h

	Number of UEs per cell 
	20 Macro UEs per macro cell; 1 HeNB UE per active HeNB (total of 24 HeNB UEs per macro cell for femto-cell deployment ratio = 0.2 and activation ratio = 0.5)

	Placing of HeNBs and UEs
	Dual-stripe deployment model: 
· Number of dual-stripe blocks per Macro cell:
1

· Number of apartments per row:

10

· Number of floors per block:


6

· Deployment ratio:



0.2

· Activation ratio:



0.5 
· Number of UE per active HeNB:

1
· Probability of Macro-UE being indoors:

25%
· Notes: deployed HeNB is randomly dropped inside the apartment area; HeNB UE is randomly dropped inside the apartment with active serving HeNB; 75% of Macro UEs are dropped uniformly across the network outdoor area (everywhere except the apartment stripes); 25% of Macro UEs are dropped uniformly indoors in the apartment stripes (UE distribution among floors is uniform); 
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	Minimum distance between network nodes
	· Macro-eNB – HeNBs: ≥ NA
· Macro-eNB – UE: 
≥ 35m

· HeNB – HeNB:
≥  NA
· HeNB – UE: 
≥ 3m
· UE  – UE: 

≥ 3m
Notes: The dual-stripe blocks should be deployed in order not to cross the 35m circle area around the Macro-eNBs. Dual-stripe blocks are not overlapping.
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	Macro-eNB↔ UE link propagation parameters
	General description
	According to TR 36.814 A.2.1.1.2-8 (Indoor Femto channels for Urban deployment) and [10]

	
	Distance dependent path-loss
	UE is outdoors:

· Model 1: 

PL(R[m]) =15.3 + 37.6log10(R)

· Model 2: 

PLLOS(R[m]) = 30.8+24.2log10(R) 

PLNLOS(R[m]) = 2.7+42.8log10(R)
UE is indoors:

· Model 1: 

PL (R[m]) =15.3 + 37.6log10(R) + Low
· Model 2: 

PLLOS(R[m]) = 30.8+24.2log10(R) + Low
PLNLOS(R[m]) = 2.7+42.8log10(R) + Low
Low = 20 dB is the penetration loss of an outdoor wall

	
	LOS/NLOS probability
	Model 1: NLOS

Model 2: ProbLOS(R[m])=min(18/R,1)*(1-exp(-R/63))+exp(-R/63)

	
	Shadowing standard deviation
	Model 1: 8 dB
Model 2: LOS - TBD, NLOS: 8dB

	
	Shadowing correlation
	Across Macro-eNB sectors to one UE: 1.0

Uncorrelated for links between one UE and different Macro-eNBs: 0.0

Correlation for links between one Macro-eNB and different UEs is according to ITU-R IMT UMA

	
	Fast fading channel model
	ITU-R IMT UMA

	
	Doppler fading model
	ITU-R IMT UMA

	Macro-eNB↔ HeNB link propagation parameters
	Same as Macro-eNB↔ UE link propagation parameters (assuming that UE is located indoor)

	Macro-eNB↔Macro-eNB link propagation parameters
	See Macro-eNB↔Macro-eNB propagation parameters for Scenario 1A 

	HeNB ↔ UE link propagation parameters
	General description
	According to TR 36.814 A.2.1.1.2-8 (Indoor Femto channels for Urban deployment) and [10]

	
	Distance dependent path-loss
	· UE is inside the same apartment stripe as HeNB

PL(R[m])  = 38.46 + 20 log10R + 0.7d2D,indoor+ 18.3 n ((n+2)/(n+1)-0.46)  + q*Liw
d2D,indoor is in m; n is the number of penetrated floors; q is the number of indoor walls separating apartments between UE and HeNB; In case of a single-floor apt, the last term is not needed; Liw is the penetration loss of the wall separating apartments, which is 5dB

· UE is outside apartment stripe

Model 1: 

PL(R[m]) = max(15.3 + 37.6log10(R), 38.46 + 20log10(R)) + 0.7d2D,indoor + 18.3 n ((n+2)/(n+1)-0.46) + q*Liw + Low
Model 2:

PL(R[m]) = max(2.7+42.8 log10 (R), 38.46 + 20log10(R)) + 0.7d2D,indoor + 18.3 n ((n+2)/(n+1)-0.46) + q*Liw + Low

Low is the penetration losses of outdoor wall equal to 20 dB.

· UE is inside a different apartment stripe

Model 1:

PL(R[m]) = max(15.3 + 37.6log10(R), 38.46 + 20log10(R)) + 0.7d2D,indoor + 18.3 n ((n+2)/(n+1)-0.46) + q*Liw + Low,1 + Low,2 

Model 2:

PL(R[m]) = max(2.7+42.8 log10(R), 38.46 + 20log10(R)) + 0.7d2D,indoor + 18.3 n ((n+2)/(n+1)-0.46) + q*Liw + Low,1 + Low,2

Low,1 and Low,2 are the penetration losses of outdoor walls for the two apartment stripes equal to 20 dB each.

· UE is outside an apartment block (dual-stripe block) or UE is outside apartment stripe but propagation path crosses more than one outdoor wall [10]
PL(R[m]) = 127+30log10(R/1000)

	
	LOS/NLOS probability
	LOS only if both nodes HeNB and UE are located in the same apartment

	
	Shadowing standard deviation
	4dB for LOS link between HeNB and UE; 8 dB for other links

	
	Shadowing correlation
	Uncorrelated between one UE and different HeNB. 

Correlation for links between one HeNB and different UEs is according to ITU-R IMT InH

	
	Fast fading channel model
	ITU-R IMT InH. LOS or NLOS models may be used depending on the propagation conditions.


	
	Doppler fading model
	ITU-R IMT InH

	HeNB ↔ HeNB link propagation parameters
	Same as HeNB ↔ UE link propagation; no LOS channels; SF standard deviation is 8 dB

	UE↔ UE link propagation parameters
	For Indoor to Indoor and Indoor to Outdoor links the same propagation model as for HeNB ↔ UE links may be used; no LOS channels; SF standard deviation is 8 dB
Outdoor UE to Outdoor UE channel propagation parameters are the same as in Scenario 1A.


Table 5: Macro-eNB equipment model

	Parameter
	Values used for evaluation

	Total Tx power
	46 dBm for Scenarios 1A, 2A and 2B and 41 dBm for Scenario 1B in 10 MHz bandwidth

	Noise figure
	5dB

	Antenna heights
	25m for Scenarios 1A, 2A and 2B and 10m for Scenario 1B

	Antenna pattern
	3D according to TR 36.814 Table A.2.1.1-2

Horizontal pattern:
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	Antenna gain + connector loss
	15 dBi ( = 17 dBi gain – 2dB cable loss)

	Number of antenna array elements
	Baseline: 4

Optional: 2, 8

	Antenna array configuration
	· 2 Tx antennas

1. 1 column, cross-polarized: X

2. 2 columns, 0.5 λ-spaced vertically-polarized: | |

· 4 Tx antennas

1. 2 columns, cross-polarized on each column, closely-spaced: X X

2. 2 columns, cross-polarized on each column, widely-spaced: X     X 

3. 4 columns, vertically-polarized, closely-spaced: | | | |

· 8 Tx antennas

1. 4 columns, cross-polarized on each column, closely-spaced: X X X X

2. 4 columns, cross-polarized on each column, 2 widely-spaced sets of closely-spaced columns: X X      X X

3. 8 columns, vertically-polarized, closely-spaced: | | | | | | | |


Table 6: Pico-eNB equipment model

	Parameter
	Values used for evaluation

	Total Tx power
	30 dBm in 10 MHz bandwidth

	Noise figure
	5 dB

	Antenna heights
	10m

	Antenna pattern
	Omnidirectional; 2D

	Antenna gain + connector loss
	5 dBi

	Number of antenna array elements
	Baseline: 2, 4

Optional: 1

	Antenna array configuration
	· 1 Tx antenna: vertically-polarized

· 2 Tx antennas: 

1. cross-polarized: X

2. 0.5 λ-spaced vertically-polarized: | |

· 4 Tx antennas: 

1. 0.5 λ-spaced cross-polarized: X X

2. 0.5 λ-spaced vertically-polarized: | | | |

When cross-polarized antenna configuration is applied at the Macro-eNB, it is also applied at the Pico-eNB; when co-polarized antenna configuration is applied at the Macro-eNB, it is also applied at the Pico-eNB.


Table 7: HeNB equipment model

	Parameter
	Values used for evaluation

	Total Tx power
	23dBm in 10 MHz bandwidth

	Noise figure
	8 dB

	Antenna heights
	1.5 m

	Antenna pattern
	Omnidirectional; 2D

	Antenna gain + connector loss
	5 dBi

	Number of antenna array elements
	Baseline: 2

Optional: 1

	Antenna array configuration
	· 1 Tx antenna: vertically-polarized

· 2 Tx antennas: 

1. cross-polarized: X

2. 0.5 λ-spaced vertically-polarized: | |
When cross-polarized antenna configuration is applied at the Macro-eNB, it is also applied at the HeNB; when co-polarized antenna configuration is applied at the Macro-eNB, it is also applied at the HeNB.


Table 8: UE equipment model

	Parameter
	Values used for evaluation

	Total Tx power
	23 dBm in 10 MHz bandwidth

	Noise figure
	9 dB

	Antenna heights
	1.5m

	Antenna pattern
	Omnidirectional; 2D

	Antenna gain + connector loss
	0 dBi

	Number of antenna array elements
	Baseline: 2



	Antenna array configuration
	· 2 Tx antennas:

1. cross-polarized: X

2. 0.5 λ-spaced vertically-polarized: | |

When cross-polarized antenna configuration is applied to transmission point, it is also applied to the receiver. When co-polarized antenna configuration is applied to transmission point, it is also applied to the receiver.


We also suggest using additional modeling conventions applied in [3]:
· Distance measure:
· Distance is measured in 2 dimensions;

· Applies to both path loss formula, as well as minimum Node/UE distances.

4. Conclusions

In this document simulation assumptions and deployment scenarios for a new LTE Rel-11 SI on “Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation” are presented. Proposed assumptions and scenarios are based on 3GPP LTE system level evaluation methodologies [2], [3] and additionally define specific parameters required for evaluation of the LTE-TDD study item (e.g. parameters for UE↔UE and eNodeB↔ eNodeB radio propagation links). We propose that all relevant simulation assumptions are reviewed by RAN1 group and summarized in separate document to be used for evaluation of DL-UL Interference Management and Traffic Adaptation proposals in the context of LTE-TDD study item.
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