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1 Introduction
In the RAN1#66-bis meeting, in order to clarify the benefits of setting large bias (i.e., offset) value for cell range expansion (CRE) at the pico eNB (PeNB), companies are encouraged to provide simulation results based on simulation assumptions summarized in ‎[1]. This contribution presents the downlink system level simulation performances of the time-domain multiplexing- enhanced inter-cell interference (TDM-eICIC) with large CRE bias values.
2 Simulation studies
2.1 Simulation conditions

2.1.1 Macro-pico deployment scenario

The macro-pico deployment scenario in this simulation study follows the baseline in the Configuration 1 and 4b in TR 36.814 ‎[2]. In order to reduce the simulation cost, the cellular network in this simulation is composed of 7 tri-sectored hexagonal grids, while the comparison in the geometry between 7- and 19-macro cell-site networks is shown in ‎[3]. As shown in Fig. 4 in ‎[3], since the geometries are almost the same performance among 7- and 19-macro cell-site networks, the simulation results in this contribution are useful for clarification of benefit of large CRE bias value. 
· Number of clusters (and corresponding PeNBs) per macro cell area:  4
· 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:  60
· 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:  60
· Configuration 4b:  20

The detailed simulation conditions and parameters are described in the Appendix. Most of the parameters are in line with TR 36.814 ‎[2]. The differences of simulation conditions between 3GPP channel model #1 and  ITU channel modeling are summarized as follows: 

· Path loss, shadowing loss, and penetration loss

· 3GPP:  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]

· pico to UE:  L = 30.6 + 36.7 log10(d) [dB]

· ITU:  ITU UMa for macro, UMi for pico. Penetration loss is 0 dB. 

· Antenna height at the MeNB (3GPP/ITU):  32 m/25 m
· Antenna gain with cable loss at the MeNB (3GPP/ITU):  14 dBi/17 dBi
· Electrical tilt angle at the MeNB (3GPP/ITU):  15 deg./12 deg.
The notable parameters in terms of cellular network deployment pointed out in ‎[1] are as follows: 
· FDD and downlink
· Antenna polarization:  uniform linear arrays (ULA)
· Number of TX-/RX-antennas (MeNB x PeNB x UE):  2 x 2 x 2
· Serving sector association:  reference signal received power (RSRP) based with CRE bias
· Range of the CRE bias value:  0 to 18 dB with 6-dB step
The ratios of UEs attached to either PeNB or MeNB are summarized in Fig. 1, where the following terms are defined for the sake of easier 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 the ratio of MUEs declines with increasing CRE bias value. The ratio of non-CRE-UEs in the ITU channel model exceeds that in the 3GPP channel model. This is caused by the path loss equation in the ITU channel model as taking line-of-sight (LOS) and non-LOS (NLOS) environment into consideration. If propagation distance between eNB to UE is less than 40 m, the probability of LOS is more than 60% in the ITU channel model. The path loss in the LOS environment is less than that in the NLOS environment at about 20 dB. 
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(a) Configuration 1
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(b) Configuration 4b


Fig. 1:  Ratios of UEs
2.1.2 CRS interference modeling
The notable parameters in terms of the cell-specific reference signal (CRS) interference modeling pointed out in ‎[1] are as follows: 

· Cell ID planning (macro/pico):  planned cell ID layout/no planned cell ID layout (shown in Table 1)
· Subframe configuration transmitted by the MeNB to protect CRE-UE:  
· Non-MBSFN subframe (i.e., almost blank subframe (ABSF))
· CRS power density:  same as PDSCH (no power boosting)
· System to link level performance mapping

· System level

· Interference from CRS to CRS:  interference from multiple cells is explicitly modeled. Note that frequency selective fadings from the top six interfering cells in terms of reception power for individual UE are explicitly modeled, while those from other interfering cells are modeled as flat Rayleigh.
· Interference from CRS to PDSCH:  ignored. This means that the simulation results in this contribution are almost the same with that assuming an ideal CRS canceller. 
· Link level

· Gaussian interference modeling (reuse existing link curves)

· Interfered codeblock is selected by the RE position interfered by CRS in the system level simulation. 
· For each codeblock, the interference level is averaged in over all relevant REs. The averaged interference level is as the common noise level of each RE and used for effective SINR calculation. This scheme is based on Alt. #2 described in ‎[1]
· UE receiver type:  Rel.10 receiver with no CRS cancelation and conventional MMSE (option 1)
Table 1:  CRS pattern
	CRS pattern for MeNB
	CRS pattern for PeNB

	
[image: image3.emf]0 1

2

0 1

2

0 1

2

0 1

2

0 1

2

0 1

2 0 1

2


	  CRS pattern ID c(i) of ith PeNB is given by the following equation. 

c(i) = i mod 3


2.1.3 Radio resource assignment in TDM-eICIC
The notable parameters in terms of the radio resource assignment in TDM-eICIC pointed out in ‎[1] ‎[2]are as follows: 

· ABSF configuration:  shown in Fig. 2
· Duty ratio of ABSF:  
· constant in each configuration and changed from 0 to 50% in 12.5% steps. 
· Transmission mode:  4

· MIMO scheme:  SU-MIMO
[image: image4.emf]Subframe ID 
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Fig. 2:  ABSF configuration
Fig. 3 depicts the radio resource assignment when TDM-eICIC is adopted. When the subframe timing is the normal subframe (normal SF), the MeNB and PeNB assign radio resources for the MUE and non-CRE-UE, respectively. The resource assignment policy in the normal SF is the same as that without TDM-eICIC. When the subframe timing is the ABSF, the MeNB does not perform radio resource assignment of the PDSCH and transmits the ABSF, whereas the PeNB assigns the resource preferentially to the CRE-UE. After assigning radio resources to CRE-UE, if available radio resources are remained, the PeNB also assigns the radio resource to the non-CRE-UE. 
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(a) In the timing of the normal SF
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(b) In the timing of the ABSF


Fig. 3:  Radio resource assignment in TDM-eICIC

2.2 Simulation results

2.2.1 Full buffer traffic model
This sub-section discusses the simulation results in full buffer traffic model. Table 2 firstly shows the throughput performance without TDM-eICIC. This simulation results are treated as “baseline” in this sub-section. The throughput performance of the ITU channel model is superior to that of the 3GPP channel model. This is because, in the case of the ITU channel model, the ratio of UE attached to PeNB is larger than that of 3GPP channel model. This results in a significant cell split gain in the ITU channel model. 
Table 3 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 3. The red-colored data in Table 3 means that the performance of the TDM-eICIC is worse than that of the baseline. Table 3 shows that a large CRE bias value more than 6 dB significantly decreases the average user throughput. In addition, a large CRE bias value more than 12 dB decreases not only the average user throughput but also the 5% worst user throughput, especially in the case of low ABSF duty ratio up to 25%. On the other hand, the median user throughput increases even with increasing CRE bias value up to 18 dB. 
In terms of channel modeling, the relative gain in the 3GPP channel model is larger than that in the ITU channel model. SINR of the pico UE in ITU channel model is higher than that in 3GPP channel model because of LOS/NLOS path loss modeling in the ITU channel model. Therefore, the pico UE’s SINR is significantly high and the TDM-eICIC is not effective in the ITU channel model. 
Table 2:  Throughput performance without TDM-eICIC (baseline) in full buffer traffic model
[image: image7.emf]3GPP ITU 3GPP ITU

Macro Cell Area 54.121 76.615 69.966 100.452

Average User 0.902 1.277 1.166 1.674

Median User 0.312 0.856 0.585 1.299

5% Worst User 0.081 0.181 0.123 0.324

95% Best User 3.924 3.801 4.164 4.282
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Table 3:  Relative gain due to the TDM-eICIC compared to the baseline in full buffer traffic model
(a) Configuration 1
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(b) Configuration 4b
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2.2.2 Bursty traffic model
This sub-section discusses the simulation results in bursty traffic model. The bursty traffic is generated in the FTP traffic model with 0.5 MB file size referred to ‎[4]

 REF _Ref305512082 \r \h 
 \* MERGEFORMAT ‎[5]. A file size of 0.5 Mbytes is chosen in order to speed-up the simulation. 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 4 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) ‎[5] is evaluated as the performance metric in throughput. Table 4 also lists the average resource block (RB) utilization. The throughput performance of the ITU channel model is better than that of the 3GPP channel model similarly to the full buffer traffic model. 
Table 5 shows the relative gain due to the TDM-eICIC compared to the baseline. In the bursty traffic model, the number of evaluated combinations of ABSF duty ratio and CRE bias value are limited as follows: 
· 12.5% of ABSF duty ratio:  CRE bias value is 6 dB only. 
· 25% of ABSF duty ratio:  CRE bias values are 6 and 12 dB. 
· 37.5% and 50% of ABSF duty ratios:  CRE bias values are 6, 12, and 18 dB. 
When the TDM-eICIC has been simulated in the full buffer traffic model, the performances with the TDM-eICIC in the above mentioned combinations are not worse than that of the baseline in terms of average, median and 5% user throughputs. 
The red-colored data in Table 5 means that the performance of the TDM-eICIC is worse than that of the baseline shown in Table 4. As shown in Table 5, when the ABSF duty ratio is 25%, a large CRE bias value more then 6 dB is effective in the average UPT. The relative gains compared to the case of a moderate CRE bias value of 6 dB are about 3.5 to 8.5 percentage points among four deployment scenarios. In terms of the average UPT, when the ABSF duty ratio is increased up to 37.5%, the relative gain with a large CRE bias value of 12 dB becomes small compared with a moderate CRE bias value of 6 dB. A large CRE bias value of 18 dB shows higher performance among CRE bias values from 6 to 18 dB. When the ABSF duty ratio is further increased up to 50%, the relative gains due to large CRE bias values of 12 and 18 dB against a moderate CRE bias value of 6 dB decrease compared with the case of the ABSF duty ratio of 37.5%. 
In terms of the median UPT, the tendency of the relative gain depending on the CRE bias value is almost the same with that mentioned for the average UPT. The TDM-eICIC quite often reduces 5% worst UPT compared with the baseline. This is because 5% worst UPT in the macro users deteriorates rather than the pico users. 
Table 4:  Throughput performance without TDM-eICIC (baseline) in bursty traffic model
[image: image10.emf]3GPP ITU 3GPP ITU

Average UPT [Mbps] 18.060 22.862 18.975 28.011

Median UPT [Mbps] 15.642 18.970 16.298 23.172

5% Worst UPT [Mbps] 5.562 7.684 7.184 9.133

95% Best UPT [Mbps] 42.827 55.695 43.118 60.850

Ave. RB Utilization [%] 20.911 24.682 23.703 24.571

Parameter
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Table 5:  Relative gain due to the TDM-eICIC compared to the baseline in bursty traffic model
	(a) ABSF duty ratio is 12.5%
[image: image11.emf]3GPP ITU 3GPP ITU

6 dB 6 dB 6 dB 6 dB

Average UPT 1.614 2.188 4.722 1.887

Median UPT 0.072 4.439 5.786 4.323

5% Worst UPT -27.675 2.860 -1.431 4.301

95% Best UPT 4.062 -3.206 4.610 -2.361

Ave. RB Utilization -9.404 -9.194 -10.861 -8.352

Config.1 Config.4b

Relative gain [%]


	
	(b) ABSF duty ratio is 25%
[image: image12.emf]6 dB 12 dB 6 dB 12 dB 6 dB 12 dB 6 dB 12 dB

Average UPT 0.619 4.152 -0.420 5.054 3.409 11.953 0.437 6.227

Median UPT -2.121 2.141 2.799 8.991 5.645 14.943 3.640 12.501

5% Worst UPT -84.590 -73.682 -65.276 -22.500 -77.343 -65.059 -2.327 4.178

95% Best UPT 3.766 3.108 -5.505 -3.773 -1.300 6.271 -1.796 -1.115

Ave. RB Utilization -13.506 -19.491 -10.383 -14.939 -12.139 -18.359 -8.404 -12.793

Relative gain [%]

Config.1 Config.4b

ITU 3GPP ITU 3GPP




(c) ABSF duty ratio is 37.5%
[image: image13.emf]6 dB 12 dB 18 dB 6 dB 12 dB 18 dB 6 dB 12 dB 18 dB 6 dB 12 dB 18 dB

Average UPT 3.122 0.788 9.205 -1.163 1.251 8.729 5.691 8.600 22.980 -0.205 3.409 9.405

Median UPT 0.518 -1.173 8.688 2.726 6.057 15.549 9.124 12.669 28.681 3.672 9.598 17.756

5% Worst UPT -87.677 -87.609 -87.430 -86.133 -81.995 -79.997 -88.827 -87.757 -79.979 -25.919 -20.034 0.967

95% Best UPT 5.737 4.016 8.675 -5.395 -4.016 -1.429 -2.112 1.978 17.455 -1.578 -0.900 -0.153

Ave. RB Utilization -18.526 -18.947 -23.747 -12.420 -14.162 -17.728 -14.264 -16.316 -20.925 -9.136 -11.465 -14.611

Relative gain [%] ITU 3GPP ITU 3GPP
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(d) ABSF duty ratio is 50%
[image: image14.emf]6 dB 12 dB 18 dB 6 dB 12 dB 18 dB 6 dB 12 dB 18 dB 6 dB 12 dB 18 dB

Average UPT 11.996 3.828 2.855 2.865 0.847 3.928 12.137 8.727 14.762 0.990 2.210 6.675

Median UPT 10.337 3.747 3.004 7.640 5.644 10.743 17.592 14.715 21.236 7.195 8.229 14.919

5% Worst UPT -89.579 -91.575 -91.795 -88.653 -90.261 -90.018 -89.666 -90.881 -90.903 -74.561 -70.267 -32.413

95% Best UPT 10.398 9.224 10.954 -4.126 -3.516 -1.715 3.446 4.580 13.866 -1.284 -0.674 0.048

Ave. RB Utilization -24.084 -19.116 -19.056 -15.099 -14.114 -15.101 -17.017 -14.988 -16.214 -10.497 -10.730 -12.237

Config.1 Config.4b
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3 Conclusions
This contribution evaluates the downlink throughput performance of TDM-eICIC with a large CRE bias value in the 3GPP and ITU channel models. The following observations can be raised from simulation results: 

  - Full buffer traffic model
· Large CRE bias value more than 6 dB significantly decreases the average user throughput. 
· Large CRE bias value more than 12 dB decreases not only the average user throughput but also the 5% worst user throughput, especially in the case of a low ABSF duty ratio up to 25%. 
· The median user throughput increases even with increasing CRE bias value up to 18 dB. 

· The relative gain due to the TDM-eICIC in the 3GPP channel model is larger than that in ITU channel model. 
  - Bursty traffic model
· Average UPT
· When the ABSF duty ratio is 25%, a large CRE bias value of 12 dB is effective compared to the case of a moderate CRE bias value of 6 dB at about 3.5 to 8.5 percentage points among four deployment scenarios. 
· When the ABSF duty ratio is increased up to 37.5%, the gain due to a large CRE bias value of 12 dB becomes small compared with the case of the ABSF ratio of 25%. A large CRE bias value of 18 dB shows best performance. 
· When the ABSF duty ratio is further increased up to 50%, the relative gains due to large CRE bias values of 12 and 18 dB against a moderate CRE bias value of 6 dB decrease compared with the case of the ABSF duty ratio of 37.5%. 

· The tendency in the median UPT depending on CRE bias value is almost the same with that in the average UPT. 
· The TDM-eICIC is ineffective in 5% worst UPT because of the deterioration in 5% worst UPT among macro users.
The important indicators in throughput or UPT performance seem to be average and 5% worst values compared to median value. In the case of the full buffer traffic model, although a large CRE bias value is effective in median user throughput, the study in FeICIC should prioritize improvements in average and 5% worst user throughput. Although a large CRE bias value with the aid of a large ABSF duty ratio is effective in 5% worst user throughput, it seems difficult to apply a large ABSF duty ratio to the actual LTE system. The ABSF duty ratios should be aligned among adjacent macro cells. This means that there are many MeNBs with a large ABSF duty ratio in wide macro area. This is not realistic situation as considering actual user and/or traffic distribution. 
In the case of the bursty traffic model, a large CRE bias value is effective for improvement in the average UPT. However, when the average UPT in a large CRE bias value is compared with that in a moderate value, the parameter range to obtain benefits due to a large CRE bias is limited. For example, the simulation conditions to obtain the improvement about 10 percentage point are the conditions with ABSF duty raito of 37.5% and CRE bias value of 18 dB except the deployment scenario using configuration #1 on the 3GPP channel model. In addition, when the ABSF duty ratio is increased up to 50%, the benefit of a large CRE bias value disappears among four deployment scenarios. Thus, the tendency in the average UPT is not clear in the bursty traffic model. One of the reasons of this unclear behavior is the simulation condition assuming static ABSF configuration in terms of the duty ratio. In other word, to set a large value for CRE bias requires dynamic ABSF configuration. The dynamic ABSF configuration makes cellular network operation further difficult. 
In addition, this simulation study ignores CRS interference to PDSCH. Even under this condition, the benefit and application of a large CRE bias value cannot be clearly determined. 
The following conclusions are derived from the above mentioned consideration: 
· A moderate CRE bias value up to 6 or 8 dB is preferable for the TDM-FeICIC. 
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Appendix:  Simulation conditions

The green highlight means the different setting from the evaluation methodologies ‎[1]

 REF _Ref305333062 \r \h 
‎[2]. The yellow highlight means the differences of simulation conditions between the 3GPP and ITU channel model. 

Table 6:  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:  4

    - 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:  60

    - 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:  60

      - Configuration 4b:  20

	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 points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	
[image: image15]
	N/A
	N/A


Table 7:  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)
	0/0 to 18 dB, 6 dB-step

	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 reception of CRS at UE until the arrival of CQI at eNB

*2:  the delay from 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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