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1. Introduction

At RAN1#63bis meeting, two phases CoMP performance evaluation roadmap was agreed. And consensus was reached on scenario evaluation priorities.[1]:
· Phase 1 

· Homogeneous network with high Tx power RRHs (scenario 2)
· Starts after RAN1#63bis
· Aim to conclude in RAN1#65

· Phase 2

· “Heterogeneous network with low power RRHs within the macrocell coverage (scenario 3)”, and “network with low power RRHs within the macrocell coverage where the transmission/reception points created by the RRHs have the same cell IDs as the macro cell (scenario 4)”

· Starts after RAN1#64

In this contribution, the preliminary evaluation results on CoMP CS/CB for scenario 3 was presented, i.e., Heterogeneous network with low power RRHs within the macrocell coverage. 
2. Evaluation assumptions
(1) Coordination cluster for CS/CB
In heterogeneous network, the interference situation between macro and RRH layer may become extremely severe if without some forms of coordination. Moreover, a large proportion of interference comes from a small set of cells, i.e. cells within the same macro coverage. In the simulation, coordination area is illustrated in Figure 1, where 1 macro cell and 4 RRH cells within the macro coverage compose a coordination cluster.
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Figure 1 Coordination Cluster of CS/CB for Scenario 3
(2) Range expansion scheme
A bias value in cell attachment criteria is used in order to drive more users selecting low power node as their serving node [2]. The users will select serving cell based on the following criteria.  

[image: image2.wmf]{

}

{

}

i

i

i

bias

RSRP

+

=

Î

ids

 

cell

 

all

max

arg

id

 

cell

 

serving


where 
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(3) Resource partitioning for eICIC 

For data transmission, macro eNBs operate just on even number subframes, and all RRHs operate on both even and odd number subframes as shown in Figure 2.
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Figure 2 Resource Partitioning for eICIC Evaluation
(4) Precoding
The precoder vector is acquired by maximizing the signal to leakage and noise ratio (SLNR) [3], where leakage is defined as interference caused by the signal intended for a desired UE on the other UEs.
The leakage for UEi is defined as the total power leaked from this UE to other simultaneously scheduled UEs, and SLNR for UEi is expressed as:
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where
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is the variance of the additive complex white Gaussian noise.
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 is the Nr×Nt complex channel matrix between cell i and the UE scheduled in cell k.
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 is the Nt×1 precoding vector of the UE scheduled in cell i.
Nt is the number of antennas at each cell, Nr is the number of antennas at UE.

Equation (1) can be rewritten as:
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where
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is an Nr(K-1)×Nt extended channel matrix that excludes 
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The solution of (2) is given by
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in terms of the eigenvector corresponding to the largest eigen-value, where 
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(5) Other simulation assumptions
Other simulation assumptions are described in Table 1 [4]. Moreover, ideal CSI is assumed to be achieved at both transmitter and receiver.
Table 1 Simulation Assumptions
	Parameters 
	Configurations 

	Layout 
	19 macro sites with 3 cells (sectors) each and wrap-around 

	Number of RRHs per macro-cell
	Configuration #1 with 4 RRHs per macro cell [5]
Configuration #4b with 4 RRHs per macro cell

	Coordination area
	1 macro cell with 4 RRHs

	Load 
	Configuration #1: average 25 UEs per cell
Configuration #4b: average 30 UEs per cell 

	UE distribution 
	Configuration #1: Uniform in entire network 
Configuration #4b: Clustered UE placement for hotzone cells

	Carrier frequency 
	2GHz 

	System bandwidth 
	10MHz 

	Total eNB Tx power 
	46dBm 

	Total RRH Tx power
	30dBm

	Inter site distance 
	500m 

	Minimum distance between RRH and macro 
	75m

	Minimum distance between
UE and macro 
	35m

	Minimum distance among RRHs 
	40m

	Transmission schemes in DL
	SU-MIMO

	BS antenna gain plus cable loss 
	17dBi

	RRH antenna gain plus connector loss 
	5dBi

	UE antenna gain 
	0dBi

	Channel model 
	ITU, UMa for macro; UMi for RRH [6]

	Distance-dependent path-loss for macro to UE
	PL = 161.04-7.1 log10 (W)+7.5 log10 (h)-(24.37 – 3.7(h/hBS)2) log10 (hBS)+(43.42 – 3.1 log10 (hBS)) (log10 (d)-3) +20 log10(fc) -(3.2 (log10 (11.75 hUT))2-4.97);
hBS=25 m, hUT=1.5m, W=20m, h=20 m, d in meters. 

	Distance-dependent path-loss for RRH to UE
	PL = 36.7 log10(d) + 22.7 + 26 log10(fc) ;
d in meters. 

	Shadow fading deviation 
	6 dB for macro cell to UE; 4 dB for RRH to UE 

	Penetration loss 
	0dB 

	Thermal noise 
	-174dBm/Hz 

	Noise figure at UE 
	7dB 

	Number of antennas (BS, RRH, UE) 
	(4, 4, 2) 

	Antenna separation (BS, RRH, UE)
(in times of wavelength) 
	(0.5, 0.5, 0.5) 

	UE speed 
	3km/h 

	Antenna pattern 
	For macro eNB: 3D
Follow Annex A 2.1.1.1 Table A.2.1.1-2 in TR36.814
For RRH: 2D
Horizontal plane: omnidirectional
Vertical plane:
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	Antenna configuration
	For macro eNB:

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

For RRH:

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

	Antenna gain 
	17dBi for sector antenna 

	eNB Antenna tilt
	For macro eNB : 15 degree
For RRH: 0 degree

	Traffic model 
	Full buffer 

	Link-to-system level mapping 
	Exponential Effective SIR Mapping (EESM) 

	BLER target 
	10% 

	Available MCSs 
	QPSK (Code rate =0.076, 0.117, 0.188, 0.301, 0.439, 0.588) 

16QAM (Code rate = 0.369, 0.479, 0.602) 

64QAM (Code rate = 0.455, 0.553, 0.650, 0.754, 0.853, 0.926) 

	Scheduling scheme
	Proportional fairness(PF)

	Receiver algorithm 
	MMSE receiver model option1 in R1-110586

	Impairments modeling
	Actual propagation delay


3. Evaluation results
In order for the same level comparison, eICIC adopts the same simulation assumptions above with CS/CB.
(6) Interference analysis
Table 2-3 show the results of interference analysis with different bias values in configuration #1 and configuration #4b respectively. In the contribution, if a UE is served by the macro cell, it’s named as macro-UE. For each macro-UE i, to demonstrate the interference situation between the macro and RRH layers within the same macro coverage, we calculate the ratio of interference power caused by 4 RRHs within the macro coverage to interference power caused by all the cells in the network, i.e.,
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Similarly, if a UE is served by one RRH cell, it’s named as RRH-UE. For each RRH-UE i, we calculate the ratio of interference power caused by 1 macro cell and the other 3 RRHs within the macro coverage to interference power caused by all the cells in the network, i.e.,


[image: image19.wmf]i

power of interference caused by the corr

esponding macro cell

ratio_RRH_UE=

power ofinterference caused by all the c

ells in the network

power of interference caused by the othe

r 3 RRHs within the mac

   +

ro coverage

power ofinterference caused by all the c

ells in the network

   (5)
Then 
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 will be averagely calculated based on the value of 
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 for all the macro-UEs in the network. And 
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 will be averagely calculated based on the value of 
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 for all the RRH-UEs in the network.
Table 2 Interference Analysis Results in Configuration #1
	Bias value
	Schemes
	Ratio of UEs served by RRHs
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	0dB
	eICIC
	0.1455
	0.1867
	0.2693

	
	CS/CB
	
	0.0473
	0.1210

	6dB
	eICIC
	0.3744
	0.2272
	0.3572

	
	CS/CB
	
	0.0730
	0.1796

	12dB
	eICIC
	0.5881
	0.2289
	0.4276

	
	CS/CB
	
	0.0760
	0.2264


Table 3 Interference Analysis Results in Configuration #4b
	Bias value
	Schemes
	Ratio of UEs served by RRHs
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	0dB
	eICIC
	0.2770
	0.2702
	0.3864

	
	CS/CB
	
	0.0723
	0.1630

	6dB
	eICIC
	0.5171
	0.3023
	0.4656

	
	CS/CB
	
	0.0997
	0.2585

	12dB
	eICIC
	0.6859
	0.2404
	0.4596

	
	CS/CB
	
	0.0810
	0.2498


From the simulation results shown in Table 2-3, we observe that
· The ratio of UEs served by RRHs will increase with the bias value.
· For eICIC and CS/CB, as the bias value increases, both 
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 and  
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 will rise. But when the bias value reaches 12dB in configuration #4b, a little reduction of interference level could be observed. 
· With CS/CB, the
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 and  
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 significantly declines comparing with that in eICIC which means that the interference within the macro coverage can be well controlled by employing CS/CB.
(7) Spectral efficiency, Jain index and UE throughput CDF
Comparing with eICIC, CS/CB gains in terms of cell average, cell edge spectral efficiency and Jain index in configuration #1 and #4b are shown in Table 4-5. For configuration #1, the CDF curves of UE throughput with different bias values are shown in Figure 3-5. And for configuration #4b, the CDF curves of UE throughput with different bias values are shown in Figure 6-8.
Table 4 Performance Gains of CS/CB Compared with eICIC in Configuration #1
	Bias value
	Schemes
	Cell average SE
	5% cell edge SE
	Jain index

	
	
	Value (bps/Hz/cell)
	Gain over eICIC
	Value (bps/Hz/cell)
	Gain over eICIC
	

	0dB
	eICIC
	1.3169
	0
	0.0229
	0
	0.1828

	
	CS/CB
	1.4372
	7.24%
	0.0561
	144.98%
	0.2919

	6dB
	eICIC
	1.5698
	0
	0.0467
	0
	0.3916

	
	CS/CB
	1.7087
	10.32%
	0.0935
	94.39%
	0.5382

	12dB
	eICIC
	1.6740
	0
	0.0871
	0
	0.5816

	
	CS/CB
	1.8599
	11.10%
	0.0930
	6.77%
	0.6500


Table 5 Performance Gains of CS/CB Compared with eICIC in Configuration #4b
	Bias value
	Schemes
	Cell average SE
	5% cell edge SE
	Jain index

	
	
	Value (bps/Hz/cell)
	Gain over eICIC
	Value (bps/Hz/cell)
	Gain over eICIC
	

	0dB
	eICIC
	1.6532
	0
	0.0268
	0
	0.2851

	
	CS/CB
	1.8879
	14.20%
	0.0628
	134.33%
	0.3601

	6dB
	eICIC
	1.9006
	0
	0.0607
	0
	0.4845

	
	CS/CB
	2.0562
	8.19%
	0.1051
	73.15%
	0.5596

	12dB
	eICIC
	1.9133
	0
	0.1122
	0
	0.7014

	
	CS/CB
	2.1234
	10.98%
	0.1047
	-6.68%
	0.7017
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Figure 3 C.D.F of UE Throughput (bias=0dB)      Figure 4 C.D.F of UE Throughput (bias=6dB)
        in Configuration #1                            in Configuration #1
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Figure 5 C.D.F of UE Throughput (bias=12dB) in Configuration #1
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Figure 6 C.D.F of UE Throughput(bias=0dB)       Figure 7 C.D.F of UE Throughput(bias=6dB)
        in Configuration #4b                            in Configuration #4b
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Figure 8 C.D.F of UE Throughput(bias=12dB) in Configuration #4b
From the simulation results shown above, we can observe that
· For eICIC, in both Configuration #1 and #4b, cell average spectral efficiency rises as bias value increases. Moreover, cell edge spectral efficiency has a significant increase.
· For CS/CB in Configuration #1, cell average spectral efficiency rises from 1.4372 bps/Hz/cell to 1.8599 bps/Hz/cell as bias value increases. However, cell edge spectral efficiency vacillates between 0.0930 (12dB) bps/Hz/cell and 0.0935 (6dB) bps/Hz/cell.  It is the same situation for Configuration #4b. When the number of UEs served by RRHs increases (i.e. the bias value reaches 12dB), these UEs will suffer from severer interferences from macro cell and other RRH cells which might decrease the system performance.

· CS/CB obtains about 10% cell average spectral efficiency gain comparing with eICIC, as in Table 4-5. Moreover, the gains of cell edge spectral efficiency in configuration #1 can be acquired up to 144.98% and 94.39% with 0dB and 6dB bias value respectively. But when bias reaches 12dB, the gain of cell edge spectral efficiency declines to 6.77%. For configuration #4b, the gains of cell edge spectral efficiency can be acquired up to 134.33% and 73.15% with 0dB and 6dB bias value respectively, but declines to -6.68% when bias reaches 12dB. We can observe that cell edge spectral efficiency for eICIC rises faster than for CS/CB. 
· As the bias value increases, Jain index rises both for eICIC and CS/CB. CS/CB outperforms eICIC in terms of Jain index.
· UE throughput in the transmission scheme of CS/CB is higher than eICIC in most of the time as shown in Figure 3-8. 
· Some CDF curves have intersections, i.e. there are a small number of UEs whose throughputs in the transmission scheme of CS/CB is lower than eICIC. As the bias value increases, the UE throughput has a tendency to rise.
4. Conclusion
In the contribution, initial system-level simulation results of CS/CB and eICIC in the transmission scheme of SU-MIMO for scenario 3 was presented. From the simulation results, following observations could be drawn.
· When CS/CB is applied, interference between the macro and RRH layers within the macro coverage can be well controlled
· CS/CB could obtain some performance gain in terms of cell average spectral efficiency, cell edge spectral efficiency and Jain index comparing with eICIC.
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