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1 Introduction

A study item on UMTS Heterogeneous Networks was started in RAN#56 [1]. Deployment of Low Power Nodes (LPN) as a complement to a macro network aims at improving capacity and coverage. One important deployment scenario is co-channel deployment, when each LPN creates a separate cell within a macro network. In RAN1#72, a number of contributions with system level simulation results were presented for co-channel deployment [2]-[7]. It was shown that significant gains can be achieved for average sector throughput by deploying LPN in addition to the macro network. It was understood from simulation results that the gains are mainly due to offloading the users from macro cells to the LPN cells.  It was also observed that with the increase of the number of LPN in the macro network the offloading factor increases. 
Till now, the results so far considered only single antenna transmission at each node. It is well known that multiple antennas deployed at both transmitter and receiver significantly increase the system capacity in homogeneous networks. For this reason, MIMO mode with 2 transmit antennas was introduced in Release 7 HSDPA and MIMO mode with 4 transmit antennas was introduced in Release 11 HSDPA.   
In this contribution we analyse the results with multiple transmit antennas (Release 7 MIMO, 2 transmit antennas) at each node. We analysed our results with both system level and also link level simulations. Our results indicate that significant gains can be achieved in average user throughput and average sector throughput when multiple transmit antennas are deployed.  
2 System Simulation Model
In the simulations, a full buffer traffic model is assumed. The baseline case is taken without any deployment of LPN. Note that type 3 receiver is assumed for both base line and the co-channel deployment. Cell individual offset of 0 dB is assumed.  The table below lists the other parameters used in the system simulations.

Table 1: System level simulation parameters.

	Parameters
	Values and comments

	Cell Layout
	21 cell hexagonal (7 NodeB sites, 3 sectors per Node B site with wrap-around)

	Inter-site distance
	500 m


	Carrier Frequency
	2000 MHz

	Carrier Spacing
	5MHz 

	Path Loss
	Macro Node: L=128.1 + 37.6log10(R), R in kilometres

LPN: L=140.7 + 36.7log10(R), R in kilometres

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation: 0.5

Intra-Node B Correlation :1.0

Correlation Distance: 50m 

	Antenna pattern
	3GPP ant (2D ant):                                                     
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            = 70 degrees,     Am = 20 dB
LPN: 2D Antenna, omni-directional

	Channel Model
	PA3

	Penetration loss
	20dB

	Maximum UE EIRP
	24dBm

	Maximum Tx Power of BS
	Macro Node: 43dBm
LPN: 37 dBm

	Max BS Antenna Gain
	Macro cell: 14dBi
LP cell: 5 dBi

	Max UE Antenna Gain
	0dBi

	NodeB Noise Figure
	Macro Node: 5 dB

LPN: 5 dB

	CIO
	3 dB

	UE Noise Figure
	9 dB

	Thermal noise density
	-174dBm/Hz

	HS-DSCH
	Up to 15 SF 16 codes per carrier for HS-PDSCH

-Total available power for HS-PDSCH is 70% of Node B Tx power
HS-PDSCH HARQ: Both chase combining and IR based can be used. Maximum of 4 transmissions with 10% target BLER after the first transmission. Retransmissions are of highest priority.

	Number of HARQ processes
	6

	HS-SCCH code number
	4

	Total overhead power
	20%, 25%

	UE Receiver
	Type 3 with MIMO capable receiver

	Soft Handover Parameters
	R1a (reporting range constant) = 4.5 dB 
R1b (reporting range constant) = 4.5 dB 

	Max active set size
	3

	Power control
	UL: Target 10% IBLER after the first transmission 

DL: Based on CQI. No IBLER control

	RoT
	Macro cell: 6dB
LPN: 6dB

	Traffic model
	Full buffer 

	Total number of users
	16

	User dropping criteria
	random with uniform distribution

	Number of LPNs
	 4

	LPN drop criteria
	Random with uniform distribution

	Network Configuration
	SIMO and MIMO with 2 transmit antennas


3 System Simulation Results 
In this section, system level simulation results with uniform UE distribution are shown for full buffer traffic.  First we analyse how the geometry distribution changes with the addition of LPN. The offloading factors are analysed with different LPN powers.  The relative gain in average sector throughput and user throughputs are presented. The baseline case is a homogeneous network without LPN.  
3.1 Geometry Analysis:
Figure 1 shows the cumulative distribution function (CDF) of user geometry with 4 LPN. The LPN power is set to 37 dBm.  The geometry is defined as 
[image: image1.emf]
Where Iori is the maximum transmit power of the ith node (including macro and the LPN). The path gain from the ith node to UE is defined as Li, and No is the thermal noise power spectral density.
It can be observed from the figure that with the addition of LPN the geometry becomes worse compared to that of baseline (macro only) case.  Hence 75% of the UEs experiences worse geometry compared to macro only case.  This is because the addition of LPNs introduces more interference, hence the geometry worsens. Note that a small percentage of the UEs which are nearer to the LPNs experiences good geometry. This can be observed from the figure, where the geometry curve of the co-channel case shifts right. Hence we observe that
Observation 1:  Addition of LPN causes worsening of the user geometry, hence the probability of lower MIMO rank increases with the addition of LPN.
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Figure 1 UE geometry CDF with 4 LPN with power of 37 dBm.
3.2 Offloading Factor

It can be seen from the above section that geometry is worse with the introduction of LPN. Hence to investigate the gains due to co-channel deployment, we plotted the offloading factor in Figure 2. The offloading factor is defined as the ratio of the number of users served by the LPN to the total number of users. It can be seen from Figure 2 that as we increase the number of LPNs the offloading factor increases, hence more users are served by LPN. Also observe that the offloading factor depends on the power of the LPN, as the intake of the UEs will be higher if the LPN power is high. 
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Figure 2 Percentage of offloading in co-channel deployment
we tabulate the offloading factor values in Table 2.

Table 2 Percentage of offloading factors for calibration (0 dB CIO)
	                  Offloading factor in percentage

	LPN power 
	1 LPN
	2 LPN
	4 LPN

	24 dBm
	2.95
	6.24
	11.18

	30 dBm
	5.87
	11.97
	19.28

	37 dBm
	12.29
	22.19
	32.54


Observation 2:  The percentage of offloading increases as we increase the number of LPN and the power of LPN.

3.3 Average Sector Throughput

Figure 3 shows the average sector throughput comparison for the cases with and without LPN when all the UEs are in SIMO and MIMO modes. It can be seen that with the addition of LPNs  the average sector throughput can be significant increased for both SIMO and MIMO modes. Table 3 shows the % of gains achieved in both the cases. Similar to SIMO case, the gains achieved in due to load balancing even though there are more number of users are with rank 1 transmission.  
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Figure 3 Average sector throughput for SIMO and MIMO modes (LPN power = 37 dBm)
Table 3  Percentage of gain with respect to homogeneous network with LPN power = 37 dBm
	Number of users per macro node
	SIMO
	MIMO

	16
	213
	232


4 Link Simulation Methodology
Figure 4 shows the user placement for analyzing the link gains achieved with multiple antennas at macro node and LPN. Note that we used same simulation methodology as that used in [4]. The macro node is placed at the center of the hexagon and the LPN is placed on the line joining the macro to a hexagon’s corner. The user geometries are tabulated in Table 3. Remaining simulation assumptions are shown in Appendix.
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Figure 4 User placement configurations in consideration
Table 3: Received signal powers at each UE location

	UE Location
	LPN Ior / No [dB]
	Macro Ior / No [dB]

	L1
	5
	19

	L2
	12
	18

	L3
	17
	17

	L4
	24
	17

	L5
	-13
	24

	L6
	-10
	15

	L7
	-19
	16

	L8
	-28
	4


5 Link Simulation Results and Discussion

A. SIMO Transmission Mode: In this sub section, we show the link simulation results with SIMO configuration with the two user model as described in section 4. Table 4 shows the average macro user throughput in Mbps without LPN deployment. The first column indicates that first user location, while the second user location is indicated in the first row. Round robin scheduler is used.   
Table 4 Mean user throughput in Mbps with macro only for SIMO transmission mode

	
	L3
	L4

	L1
	16.8087
	16.8087

	L2
	16.4085
	16.4085

	L3
	  -
	15.8390

	L5
	18.3358
	18.3358

	L6
	14.4170
	14.4170

	L7
	15.0949
	15.0949

	L8
	10.9020
	10.9020


Table 5 shows the sum throughput when the first user is served by the macro node, while the second user is served by the LPN. Note that in some cases, we observed that the sum throughput is less than the macro only case. This is because addition of LPNs reduces the geometry, while at the same time in some cases, we observed the sum throughput is better than macro only case. This gain is mainly because of the cell splitting gain. 

Table 5 Sum throughput in Mbps with macro and LPN for SIMO transmission mode
	
	L3
	L4

	L1
	13.5136
	17.2664

	L2
	8.9912
	12.7440

	L3
	-
	9.7280

	L5
	23.6909
	27.4438

	L6
	15.8738
	19.6266

	L7
	17.4663
	21.2191

	L8
	8.9187
	12.6715


Table 6 summarizes the gains/losses with the addition of LPN. We observe that gains as high as 54% while losses of as high as 93.44% may occur over macro-only network. 
Table 6  Percentage of gain due to addition of LPN for SIMO transmission mode
	
	L3
	L4

	L1
	-19.60
	2.72

	L2
	-45.20
	-22.33

	L3
	-
	-38.58

	L5
	29.21
	49.67

	L6
	10.10
	36.13

	L7
	15.71
	40.57

	L8
	-18.19
	16.23


B. MIMO Transmission mode: In this subsection, we show the link simulation results with (Release-7) configuration with the two user model as described in section 4. Table 7 shows the average macro user throughput in Mbps without LPN deployment. The first column indicates that first user location, while the second user location is indicated in the first row. Round robin scheduler is used.  
Table 7 Mean user throughput in Mbps with macro only for MIMO transmission mode
	
	L3
	L4

	L1
	15.5652
	15.5652

	L2
	14.7761
	14.7761

	L3
	-
	14.1673

	L5
	19.4347
	19.4347

	L6
	13.3434
	13.3434

	L7
	13.6593
	13.6593

	L8
	10.5680
	10.5680


Observe that MIMO transmission mode may not give benefit over SIMO transmission mode for all the combinations. This is well known as the Release 7 MIMO requires additional pilot (S-CPICH) which consumes -13 dB power, while in SIMO transmission mode this power can be allocated for HS-PDSCH transmission.  

Table 8 shows the sum throughput with macro and LPN when the UEs are served using the MIMO transmission mode. Similar to the SIMO transmission mode, for some configurations, we observe gains over macro only case, while for some configurations we observe loss. 
Table 8 Sum throughput in Mbps with macro and LPN for MIMO transmission mode
	
	L3
	L4

	L1
	16.4387
	20.8379

	L2
	10.3525
	14.7516

	L3
	-
	11.3966

	L5
	28.0895
	32.4886

	L6
	16.1715
	20.5706

	L7
	16.6514
	21.0505

	L8
	10.3785
	14.7777


Finally, Table 9 summarizes the gains due to LPN deployment when both the UEs are in MIMO transmission mode.  It can be observed that the gains due to MIMO are higher compared to the SIMO gains.
Table 9 Percentage of gain due to addition of LPN for MIMO transmission mode
	
	L3
	L4

	L1
	5.61
	33.87

	L2
	-29.94
	-0.166

	L3
	-
	-19.56

	L5
	44.53
	67.217 

	L6
	21.19
	54.16

	L7
	21.90
	54.11

	L8
	-1.79
	39.83


6 Summary and Conclusions
In this contribution we analyse the results with multiple antennas (Release 7 MIMO, 2 transmit antennas) at each node. We analysed our results with both system level and also link level simulations. Our results indicate that significant gains can be achieved in average user throughput and average sector throughput when multiple antennas deployed.  These results are important as the multiple antennas can be deployed at LPN to minimize the legacy impact on macro node, while at the same time MIMO capable UEs can get the high peak throughput. 

Observation 1:  Addition of LPN causes worsening of the user geometry.
Observation 2:  The percentage of offloading increases as we increase the number of LPN and the power of LPN.

Observation 3: The gains with MIMO are higher compared to that of SIMO in Heterogeneous networks
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7. Appendix

Table 1: Link level simulation parameters.

	Parameter
	Value
	Comments

	P-CPICH_Ec/Ior
	-10dB
	

	S-CPICH1 Ec/Ior
	-13 dB
	

	S-CPICH2 Ec/Ior
	-100dB
	

	S-CPICH3 Ec/Ior
	-100dB
	

	Demodulation-CPICH Ec/Ior
	As needed (-100 dB)
	

	Spreading factor for

HS-PDSCH
	16
	

	Modulation
	QPSK, 16QAM, 64QAM
	

	TBS
	Variable
	CQI based scheduling

	Number of Transport Blocks
	1
	

	HSDPA Scheduling Algorithm
	CQI based
	

	Geometry
	As outlined in section 3
	

	CQI Feedback Cycle
	1 TTI
	

	CQI feedback error
	0 %
	

	HS-DPCCH ACK/NACK feedback error
	0 %
	

	Maximum number of HS-DSCH codes
	                   1 5
	

	Number of HARQ Processes
	6
	

	Maximum Number of H-ARQ Transmissions
	1
	

	HARQ Combining
	Chase Combining, 
	

	Redundancy and constellation version coding sequence
	{0,3,2,1} for QPSK

and 16QAM 

{6,2,1,5} for 64QAM
	

	Target Number of H-ARQ Transmissions
	1
	

	Residual BLER
	10% after 1 transmission
	

	Number of Rx Antennas
	1, 2
	

	Channel Encoder
	3GPP Turbo Encoder
	

	Turbo Decoder
	Max- Log MAP
	

	Number of iterations for turbo decoder
	8
	

	Precoding weight vector determination
	NA
	

	Quantization of Precoding vector
	NA
	

	PCI/CQI Feedback delay
	12 slots
	

	Precoding Feedback error rate
	0%
	

	Precoder update rate
	NA
	

	Propagation Channel Type
	PA3
	

	Channel Estimation
	               Realistic
	

	Noise Estimation
	             Realistic
	

	UE Receiver Type
	Type3
	

	Tx Antenna Correlation
	0
	

	Rx Antenna Correlation
	0
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