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Introduction
In RAN4#71 meeting, further discussion on the TDD eIMTA demodulation/CSI test setup was performed. One important open issue for the TDD eIMTA demodulation/CSI test setup is the interference modelling. In this paper, we provide our analysis on the rational for the interference modelling for demodulation based on system level simulation.
2 Simulation assumption

The interference analyses have been performed in the co-existence feasibility study. Most of agreements are documented in [1]. To get fast convergence for the interference modelling, the group can consider starting from the agreements in [1] as:
· Scenarios for evaluation
In the WF [1], two deployment scenarios are studied, one is scenario 3, in which multiple outdoor Pico cells deployed on the same carrier frequency, and one is scenario 4, in which multiple outdoor Pico cells deployed on the same carrier frequency and multiple Macro cells deployed on an adjacent carrier frequency where all Macro cells have the same UL-DL configuration and outdoor Pico cells can adjust UL-DL configuration. Both of these scenarios are important for practical network. To simplify the work, we can study the scenario 3 in the first place.  
· DL-UL interference mitigation schemes

In the WF [1], two DL-UL interference mitigation schemes are considered for the feasibility study. One is uplink power control based DL-UL interference mitigation (ULPC), and one is cell clustering based DL-UL interference mitigation (CCIM). For the CCIM scheme, it is really challenge to get agreement on the CCIM criterion in RAN4. Further, with ideal CCIM, the isolation between picos is good enough. The interference characteristic is much similar as a single cell. RAN4 have conducted extensive study on how to handle these kinds of interference. RAN4 should focus on new challenge faced by UE in practical network. Hence, it is an appropriate choice to extract the interference characteristic based on ULPC scheme.

· For UL power control: 
The transmission direction of outdoor Pico cells is randomly set as DL or UL with a 50% probability, which is the same as agreed in the study item. The applied UL power control parameters for this case are provided by each company.
For other parameters, the discussion in RAN-1 [2] can be as a reference. 
· Traffic model: FTP model 1 in 36.814 is used
· Fixed size of 0.5Mbytes and 2Mbytes as in TR36.814

· Possible range of file arriving rate (λ) shall cover both low and high load cases. Proposed value range of λ for DL is [0.25, 0.5, 1, 1.5, 2, 2.5, 5, 7.5] for 0.5 Mbytes file size, [0.06, 0.12, 0.25, 0.37, 0.5, 0.625, 1.25, 1.875] for 2 Mbytes file size. The arriving rate for UL file is derived by the ratio of DL and UL arriving rate. 
· Reference TDD configuration
· TDD UL-DL configuration 2 with ratio of DL and UL arrival rate = {2/1}
· Cell activation probability for all snapshot is 100%, and other activation probability results could also be provided.
· The Propagation model is shown in the Appendix. 
3 Simulation results
Based on the above parameters, system level simulation results are provided in Figure 1 ~ Figure 2. In Figure 1 ~ Figure 2, the cumulative distribution function (cdf) of dominant aggressor BS interference (dominant BS-to-UE interference) and the cdf of background interference are shown, respectively. For the background interference, it includes all the non-dominant aggressor cells interference, thermal noise and the UE-to-UE interference. In the simulation, the packet arrival rate (lamda) is set to 1 and the packet size is set as 0.5 M. 
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Figure 1: The statistics of dominant aggressor BS interference to UE
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Figure 2: The statistics of background interference
From Figure 1 and Figure 2, it can be seen that the average dominant interference level is about -99 dbm, and the background interference is about -102 dbm. The dominant interference is about 3 dB stronger than the background interference in average.
For the dominant aggressor BS interference, it is meaningful to be explicitly modelled. Firstly, based on explicitly modelled method, it can verify whether UE can properly handle the interference change between downlink interference and uplink interference, and it can also verify whether UE can properly handle the different interference condition for the fixed subframes and flexible subframes. This difference is extensively discussed in RAN1, and it is the main motivation for RAN1 to define two CSI sets for eIMTA. 

Otherwise, if constant interference condition is assumed, UE can take advantage of this setup to have noise and interference average across the fixed subframes and flexible subframes to achieve good performance in both flexible subframes and fixed subframes. However, in practical network, it may lead to worse performance. 
Secondly, for Rel-12, there are a lot of advanced features, such as NAICs and CRS-IC, the interference characteristic may be utilized to enhance the demodulation performance. With explicitly model interference, the advanced UE can show advantage for the UE which cannot properly handle the varied interference. Otherwise, the bad UE achieve the same performance as the advanced UE if the interference is modelled just as a white noise. To some extent, it would penalize the advance implementation, which is not desirable from RAN4 test point of view. 
For UE-to-UE interference, it is relatively weaker in most cases. Further, if UE-to-UE interference is explicitly modelled, a new UE node will be added in the test system, which increases the test cost significantly. From this point of view, we think it may be not necessary to explicitly model the UE-to-UE interference.
Proposal 1: BS-to-UE interference is explicitly modelled and UE-to-UE interference is NOT explicitly modelled. 

In Figure 3, one example is shown for the explicit interference modelling. Similar interference modelling has been specified for eICIC and FeICIC. The explicit interference modelling can reuse most of the parameters configured for the serving cell, except the instantaneous DL-UL configuration for each radio frame and the interference level. 
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4 Conclusion
In this paper, system level simulation results are provided for the interference characteristic. Based on the analysis, we have the following proposal:
Proposal 1: BS-to-UE interference is explicitly modelled and UE-to-UE interference is NOT explicitly modelled. 

5 Appendix: General simulation assumptions 

According to the agreed deployment scenario, the following relevant simulation assumptions from the study item phase are proposed to be reused. Note that the UL power control parameter defined in Table 2.3-3 should be applied for the evaluation of the case 1 in section 2.2. The UL power control parameters for the case 2 in section 2.2 are provided by each company.
Table 2.3-2: Propagation model for Monte Carlo simulation 
	Case
	Path loss model

	Macro- outdoor Pico/outdoor Pico-outdoor Pico

	Macro-outdoor Pico
	PLLOS(R) = 100.7+23.5log10(R)

PLNLOS(R) = 125.2+36.3log10(R) For 2GHz, R in km.

Case 1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.072))+exp(-R/0.072)

	Outdoor Pico- outdoor Pico
	LOS: if R<2/3 km, PL(R)=98.4+20log10(R) 

else, PL(R)=101.9+40log10(R), R in km

NLOS: PL= 40log(R)+169.36   R in km  

Case 1: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

	Macro-UE
	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)

	Outdoor Pico-UE
	PLLOS(R)=103.8+20.9log10(R)

PLNLOS(R)=145.4+37.5log10(R)  

For 2GHz, R in km

Case 1: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

	Outdoor UE-outdoor UE
	If R<=50m;PL=98.45+20*log10(R),R in km

If R>50m;PL=40log(R)+175.78 R in km

 (Xia model)

	Note1: Unless otherwise stated the path loss model used for deterministic calculation is the LOS model.

Note2: Liw is the penetration loss of the wall separating apartments, which is 5dB.

Note3: The term 0.7d2D,indoor takes account of penetration loss due to walls inside an apartment. 

Note4: Low is the penetration loss of an outdoor wall, which is 20dB.

Note5: Low,1 and Low,2 are the penetration losses of outdoor walls for


Table 2.3-3: UE parameters used in simulation

	Parameter
	Assumption

	UE Antenna gain
	0 dBi

	UE Noise Figure
	9 dB

	UE power class
	23 dBm (200 mW)

	UL Power control
	Macro UE: P0 = -82 dBm; alpha = 0.8

Pico UE: P0 = -76 dBm,alpha = 0.8

	Minimum distance between UE and cell
	Macro BS-UE >= 35 m

Outdoor Pico-UE  >= 10 m

	Minimum distance between UE and UE
	N/A


Table 2.3-4: System assumptions for Macro cell

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 3 sectors per site

	System bandwidth
	10MHz

	Inter-site distance
	500 m

	Number sites
	19sites (=57 cells) with wrap-around.

	MUE number
	20ues per cell

	Shadowing standard deviation
	8 dB

	Penetration Loss (assumes UEs are indoors)
	20dB

	BS antenna gain after cable loss
	15 dBi

	Antenna pattern for Macro eNBs to UEs (horizontal 2D)
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 = 65 degrees, Am = 20 dB (65 degree horizontal beamwidth)

	BS noise figure
	5 dB

	Total BS TX power (Ptotal)
	46 dBm

	Macro DL power control
	Not modeled, i.e. assuming max Macro Tx power 

	Inter-cell Interference Modelling
	Explicit modelling (all cells occupied by UEs)

	Shadowing standard deviation between UE and Macro
	8 dB

	Shadowing standard deviation between UE and UE
	12dB


Table 2.3-5: system simulation assumptions for outdoor Pico cell

	Parameter
	Assumption

	Pico number
	4 Picos/cell

	LUE per Pico
	10UEs/Pico, cluster

	Pico type 
	Hotzone

	Pico TX power (Ptotal)
	24dBm

	Pico antenna pattern
	Omni-direction

	Pico antenna gain 
	5dBi

	Pico radius
	40m

	Minimum distance between Pico and Pico
	40m

	Minimum distance between Pico and Macro
	75m

	Pico deployment 
	random deployment

	Macro UE distribution for Macro-outdoor Pico case
	randomly and uniformly dropped per Macro cell

	Penetration loss
	0dB

	Shadowing standard deviation
	Pico to UE
	10dB

	
	UE to UE
	12 dB

	
	Macro to Pico
	6 dB

	
	Pico to Pico
	6dB

	Pico noise figure
	13dB


Table 2.3-6: shadowing correlation
	Parameters
	Assumptions

	Shadowing correlation between UEs
	0

	Shadowing correlation between outdoor Picos
	0.5

	Shadowing correlation between outdoor Pico and Macro
	0.5

	Shadowing correlation between Macro cells
	A Shadowing correlation factor of 0.5 for the shadowing between sites (regardless aggressing or victim system) and of 1 between sectors of the same site shall be used[36.942]
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