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1 Introduction
In the RAN1 #66-bis meeting, the followings are agreed for further RAN1 work [1]: 
· Further RAN1 work (evaluations and design/solutions) is to be done for

· 6 through 12 dB bias

· Zero and reduced power ABS

· Receiver-based solutions
· PDSCH muting as described in R1-113573

· Relation with PDCCH is studied. 
· Impact on overhead should be studied. 
This contribution presents a detailed downlink system level simulation performances of the time-domain multiplexing- enhanced inter-cell interference (TDM-eICIC) with cell range expansion (CRE) bias values from 6 to 12 dB in 2 dB steps. 
2 Simulation studies
2.1 Simulation conditions

The simulation condition is identical to that of our contribution in the last meeting [2], except for the numbers of pico eNBs  (abbreviated “PeNB” hereafter) and UEs. Since macro-pico deployment with 2 PeNBs per macro cell area seems substantial for the real-life LTE network, it is assumed to be 2-PeNB deployment in this contribution. 

· Number of clusters (and corresponding PeNBs) per macro cell area:  2
· Cluster drop:  uniformly distributed in the macro cell area
· PeNB drop:  located at the center of the cluster
· Number of UEs per macro cell area:  30
· Number of UEs located in a cluster:
· Configuration 1:  0
· Configuration 4b:  10 (UE within a 40 m radius of each PeNB)
· Number of uniformly distributed UEs in a macro cell area:
· Configuration 1:  30
· Configuration 4b:  10

· The detailed simulation conditions and parameters are described in the Appendix. 
The ratios of UEs attached to either PeNB or macro eNB (abbreviated “MeNB” hereafter) are summarized in Fig. 1, where the following terms are defined to facilitate explanation in this contribution: 
· MUE:  the UE attached to the MeNB
· Non-CRE-UE:  the UE attached to the PeNB even without any CRE bias (i.e., CRE bias value of 0 dB)
· CRE-UE:  the UE attached to the PeNB only with the CRE bias value more than 0 dB
As shown in Fig. 1, the ratio of CRE-UEs rises and that of MUEs declines with increasing CRE bias value. 
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(a) Configuration 1
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(b) Configuration 4b


Fig. 1:  Ratios of UEs
2.2 Simulation results

2.2.1 Full buffer traffic model
This sub-section discusses the simulation results in the full buffer traffic model. Table 1 firstly shows the throughput performance without TDM-eICIC. This simulation results are treated as “baseline” in this sub-section. 
Table 2 shows the relative gain due to the TDM-eICIC compared to the baseline. Since the relative gain in macro cell area throughput is equivalent to that in the average user throughput, the relative gain in macro cell area throughput is not shown in Table 2. The red-colored data in Table 2 means that the performance of the TDM-eICIC is worse than that of the baseline. The highlighted cell with yellow (i.e., a combination of the duty ratio of ABAF and CRE bias value) in Table 2 means a combination to obtain maximum average user throughput with no deterioration in terms of median and 5% worst user throughputs. This investigation has been performed for various CRE bias values. The highlighted cell with pink means the best case that provides the maximum average user throughput among the yellow highlighted combinations. 
In the full buffer traffic model, the pink highlighted cell exists in the CRE bias values from 6 to 10 dB. Therefore, CRE bias value of 8 dB is preferable. 

Table 1:  Throughput performance without the TDM-eICIC (baseline) in the full buffer traffic model
[image: image3.emf]3GPP ITU 3GPP ITU

Macro Cell Area 34.204 52.350 42.040 66.125

Average User 1.140 1.745 1.401 2.204

Median User 0.563 1.081 0.917 1.689

5% Worst User 0.162 0.243 0.228 0.432

95% Best User 3.325 5.759 4.539 5.765

Config.1 Config.4b

Throughput

[Mbps]


Table 2:  Relative gain due to the TDM-eICIC compared to the baseline in the full buffer traffic model
(a) Configuration 1
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37.5% 21.102 12.603 8.358 5.644 5.467 15.625 9.783 7.783 6.289 4.899

50.0% 26.789 15.610 10.577 6.563 5.621 18.490 11.528 9.331 7.454 5.941

0.0% 0.000 17.588 16.419 20.314 16.327 0.000 2.348 5.480 3.222 0.778
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50.0% -48.753  -33.283  -26.990  -15.429  -15.765  -48.734  -23.644  -9.092  -4.213  9.716

0.0% 0.000 -20.436  -28.258  -34.259  -31.489  0.000 -20.221  -23.902  -26.169  -29.115 

12.5% 51.160 2.869 3.962 -7.664  -10.898  10.391 -0.098  -7.272  -5.365  -4.753 

25.0% 91.390 22.257 7.993 -1.817  0.017 22.691 5.063 -2.032  -1.894  -6.437 

37.5% 122.355 44.310 20.843 14.073 14.939 35.169 12.260 7.362 -0.150  -1.924 

50.0% 153.976 65.532 49.615 23.320 24.487 45.946 22.396 9.275 3.259 -0.230 
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(b) Configuration 4b
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50.0% -48.823  -13.831  -1.400  9.459 23.701 -26.454  17.710 23.143 26.087 12.824

0.0% 0.000 -22.105  -30.118  -26.890  -27.653  0.000 -2.856  0.005 0.553 1.974

12.5% 11.829 2.975 -5.136  -3.064  -4.290  7.753 5.999 10.467 9.782 11.375

25.0% 27.919 8.104 0.514 -0.080  -2.945  8.523 2.615 5.072 8.640 6.879

37.5% 40.413 15.982 2.791 2.858 -2.504  11.516 0.440 -1.375  2.317 -3.723 

50.0% 55.606 24.969 14.549 7.004 5.117 14.420 0.195 -4.207  -4.292  -7.994 
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2.2.2 Bursty traffic model
This sub-section discusses the simulation results in the bursty traffic model. The bursty traffic is generated in the FTP traffic model with 0.5 MB file size with reference to [3]

 REF _Ref305512082 \r \h 
 \* MERGEFORMAT [4]. A file size of 0.5 Mbytes is chosen in order to accelarate the simulation study. The detailed simulation conditions are as follows: 
· File size (mean/standard deviation/max.):  0.5/0.181/1.250 Mbytes
· Reading time:  5 sec.
· Simulation run time: 60 sec.
Table 3 firstly shows the throughput performance without TDM-eICIC. This simulation results are also treated as “baseline” in this sub-section. In the bursty traffic model, user perceived throughput (UPT) [4] is evaluated as the performance metric in throughput. 
Table 4 shows the relative gain due to the TDM-eICIC compared to the baseline. The meanings of the red-colored data, and the yellow and pink highlighted cells are identical to that in the previous sub-section. 
In the bursty traffic model, a CRE bias value of 12 dB gives maximum relative gains regardless of the configuration and channel modeling. However, gains due to 12 dB bias compared with the case of 10 dB bias are around 0.9 to 1.9% except Configuration 4b on ITU channel model (3.7%). On the other hand, gains due to 10 dB bias compared to 8 dB bias are around 2.5 to 4.0%. This simulation study assumes a perfect CRS interference canceller described in [2]. Since CRS interference still remains using an actual CRS interference canceller, CRE bias value of 10 dB is also candidate to be evaluated for FeICIC standardization in order to ease the requirement of CRS interference canceller. 
Table 3:  Throughput performance without the TDM-eICIC (baseline) in the bursty traffic model
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Average UPT 19.679 26.002 21.675 33.118

Median UPT 16.658 20.938 17.968 29.028

5% Worst UPT 6.575 8.925 7.565 10.128

95% Best UPT 45.208 60.744 52.025 62.019
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Table 4:  Relative gain due to the TDM-eICIC compared to the baseline in the bursty traffic model
(a) Configuration 1
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(b) Configuration 4b
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3 Conclusions
This contribution evaluates the downlink throughput performance of TDM-eICIC with CRE bias values from 6 to 12 dB in 2 dB steps. The following observations can be raised from simulation results: 
· CRE bias value of 8 dB is preferable for the full buffer traffic model. 
· CRE bias value of 12 dB is preferable for the bursty traffic model. CRE bias value of 10 dB is also preferable in order to ease the requirement of CRS interference canceller. 
Although the optimum CRE bias value depends on the user traffic model, the optimum CRE bias value in the high loaded case (i.e., full buffer traffic model) seems prioritized compared to that in the low loaded case (i.e, bursty traffic model). Therefore, the following conclusion is derived from this simulation study: 
· CRE bias value to be evaluated is up to 8 dB for FeICIC standardization
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Appendix:  Simulation conditions

The green highlight indicates a different setting from the evaluation methodologies [5][6]. The yellow highlight indicates differences of simulation conditions between the 3GPP and ITU channel model. 

Table 5:  Cellular system parameters
	Parameter
	MeNB
	LPN (Low Power Node)
	UE

	Carrier frequency / System bandwidth
	2.0 GHz / 10 MHz (macro and LPN carriers are located in the co-channel)

	Duplex method
	FDD

	Cellular layout
	- Macro:  7 tri-sectored hexagonal cells are arranged in a single ring. The inter-site distance is 500 m.

- LPN and UE:  configuration 1 and 4b

  - Number of clusters (and corresponding LPNs) per macro cell area:  2
    - Cluster drop:  uniformly distributed in the macro cell area

    - LPN drop:  located at the center of the cluster

  - Number of UEs per macro cell area:  30
    - Number of UEs located in a cluster:

      - Configuration 1:  0

      - Configuration 4b:  10 (UE within 40 m radius of each LPN)

    - Number of uniformly distributed UEs in a macro cell area:

      - Configuration 1:  30
      - Configuration 4b:  10

	Minimum distance
	>= 35 m (macro to UE), >= 10 m (LPN to UE), >= 75 m (macro to LPN), >= 40 m (LPN to LPN)

	Path loss, shadowing loss, and penetration loss
	- ITU model:  ITU UMa for macro, UMi for LPN. Penetration loss is 0 dB. 
- 3GPP model 1:  Standard deviation in shadowing loss is 10 dB. Penetration loss is 0 dB. Path loss is given by the following equations (d in merter). 

  - macro to UE:  L = 15.3 + 37.6 log10(d) [dB]
  - LPN to UE:  L = 30.6 + 36.7 log10(d) [dB]

	Fading model
	SCM, UE velocity of 3 km/h

	Maximum TX-power
	46 dBm
	30 dBm
	23 dBm

	Antenna height
	- ITU model:  25 m
- 3GPP model 1:  32 m
	10 m
	1.5 m

	Antenna gain with cable loss
	- ITU model:  17 dBi
- 3GPP model 1:  14 dBi
	5 dBi
	0 dBi

	Antenna pattern
	- Macro:  A(, ) = - min{- [AH() + AV()], Am}
  - Horizontal:  AH() = - min[12 ( / 3dB)2, Am], 3dB = 70 deg., Am = 25 dB
  - Vertical:  AV() = - min[12 {( - etilt) / 3dB)}2, SLAv], 3dB = 10 deg., SLAv = 20 dB
    - ITU model:  etilt = 12 deg.
    - 3GPP model 1:  etilt = 15 deg.
- LPN and UE:  Omni

	Number of TX-/RX-antennas
	2 (10 -ULA)/2 (10 -ULA)
	2 (10 -ULA)/2 (10 -ULA)
	1/2 (0.5 -ULA)

	Noise figure
	5 dB
	5 dB
	9 dB

	Antenna bore-sight
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	N/A
	N/A


Table 6:  Signal processing parameters

	Parameter
	Value

	MIMO scheme 
	SU-MIMO (open-loop spatial multiplexing with rank adaptation)

	Transmission mode
	4

	Ratio of ABSF (non-MBSFN subframe)
	0 to 50%, 12.5%(1/8)-step

	CRE bias value (macro/LPN)
	0, 6, 8, 10, and 12 dB

	CRS power density
	same as PDSCH (no power boosting)

	Network synchronization
	Synchronized

	Number of OFDM symbols for PDCCH
	3

	Number of CRS-REs in the PDSCH region
	600 (= 4 x 3 x 50)

	UE receiver type
	Conventional MMSE (option 1)

	HARQ scheme
	Based on incremental redundancy, up to 5 re-transmissions

	Link adaptation
	CQI/PMI/RI reports delay (*1):  4 msec., scheduling delay (*2):  4 msec., CQI of all subbands are reported in every feedback period (= 5 msec.)
*1:  the delay from the reception of CRS at UE until the arrival of CQI at eNB

*2:  the delay from the arrival of CQI at eNB until the transmission of the phy. packet using the corresponding CQI

	Link to system mapping
	Exponential effective SINR mapping

	Control channel reception
	Ideal

	Channel estimation
	Ideal

	Scheduling algorithm
	Proportional fairness

	Traffic model
	- Full buffer traffic model
- Non-full buffer traffic model:  FTP traffic model with 0.5 MB file size

	Inter-cell interference modeling
	Mixed, with both explicit and implicit modeling

- Explicit modeling:  top six interfering cells

- Implicit modeling:  other interfering cells (flat Rayleigh)

	Number of simulation drops
	1
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