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1 Introduction

A study item on UMTS Heterogeneous Networks was started in RAN#56 [1]. Deployment of Low Power Nodes (LPNs) as a complement to a macro network aims at improving capacity and coverage.  In [2], some of the deployment scenarios are listed  that need to be studied during the study item phase. One important deployment scenario is when each LPN creates a separate cell within a macro network. We refer to this as co-channel deployment.  Another deployment scenario which is attractive in terms of qualitative aspects is the combined cell deployment, where the LPN is part of the macro cell thereby avoiding frequent handovers, additional cell planning, etc. An overview of combined cell deployment is given in [3]. 

It was shown in [4] that the interference structure due to the addition of nodes in both co-channel and combined cell has the same effect.  Hence, we have the same advantages in combined cell deployments as in co-channel deployments, for example, load balancing, range expansion, etc. In RAN1#72bis, weshowed the performance of combined cell with system simulations for full buffer traffic. The results show that combined cell has slight gain compared with co-channel if the pilot overhead is same as that in the co-channel case. It was argued that even though the pilot interference from the LPN is less in combined cell as compared to co-channel there is slight degradation in the combined cell performance due to the additional pilot overhead. 

During RAN1#72bis, few questions were raised ,such as (i) the performance of legacy UEs in a combined cell deployment when some of the Release 12 UEs are served, and (ii) the performance of spatial reuse mode with the additional pilot overhead. In this contribution, we investigate the performance of combined cell with system simulations for full buffer traffic when some of the Rel-12 UEs are served by combined cell using spatial reuse mode. We also show the performance of spatial reuse mode with the additional pilot overhead. This additional overhead arises due to the continuous probing pilots. Results for the single frequency mode are also presented.
2 Transmission Modes Considered for Simulation

A. Single Frequency Network (SFN) or Multicasting Mode:
In this mode, multiple nodes (e.g. macro and LPNs) transmit the same data to a specific UE. Hence, the signal to noise ratio of the UE can be improved.  The main idea of this mode is to combine signals over the air from all nodes by means of transmitting exactly the same pilot, control channels and data channel in downlink using the same carrier frequency and spreading and scrambling codes.  
B. Spatial Reuse Mode: The main motivation for this mode is that in the single frequency network (SFN) mode, all nodes are transmitting the same downlink signal. Hence it may not give capacity gains when the traffic load is high as the SFN mode is used for coverage improvement. It was shown in [5] that many nodes do not contribute to the performance improvement; the resources from the nodes are hence not used effectively.  It was shown in [4] that the interference pattern in the combined cell deployment is similar to that of the co-channel deployment; we can use the resources from these nodes to schedule different UEs. Hence by reusing the resources between different UE, we can achieve capacity gains. To facilitate spatial reuse, additional pilot signals are needed for node selection, CQI estimation and demodulation. Currently, demodulation pilots (D-CPICH) and probing pilots (F-CPICH) are being considered. 

Figure 1 shows a conceptual diagram of this mode, where we assumed one macro node and 3 LPNs are deployed in a combined cell. Note that the same pilot signal is transmitted from all the nodes. This is due to the fact that we would like to serve the legacy users using this mode.  The downlink control channel and the data traffic are scheduled to different UEs from different nodes, which were shown with different color codes. Since the scheduling is done per combined cell, the central scheduler decides which nodes should transmit to the various UEs.  
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Figure 1 Downlink channel configuration in the combined cell deployment with the Spatial Reuse mode.
C. Both SFN and Spatial Reuse Mode: For this mode, the legacy UEs are served by SFN mode, while the Release 12 UEs are served in spatial reuse mode. Note that legacy UEs (pre Release 11) may not be aware of the additional demodulation pilots (D-CPICH) and probing pilots (F-CPICH). 
3 Simulation Results with SFN Mode

Figure 2 shows the average sector throughput vs. number of users per macro node. It can be observed that the performance is improved at all loads. This is due to the signal to noise ratio is increased with the addition of low power nodes.
[image: image9.wmf]dB

3

q


Figure 2 Average sector throughput vs. number of users per each macro node. Note that number of  LPNs per each macro node is equal to 4.

Figure 3 shows the percentage of gain with respect to the case when no LPN was deployed when we change the power of each LPN.  Note that the gains decrease as we decrease the power of each LPN as the SINR of the SFN channel is reduced when we reduce the power of each LPN. 
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Figure 3 Percentage of gain in average sector throughput as a function of LPN power. Note that number of  LPNs per each macro node is equal to 4 with 16 UEs per macro.

4 Simulation Results with Spatial Reuse Mode with Uniform UE Dropping
Figure 4 shows the percentage of gain with respect to homogeneous network vs. number of users per macro node (combined cell). The simulation assumptions are tabulated in Table 1. It can be observed that the performance is improved at all loads except at 0.1 users per macro node.  Similar to co-channel deployment, the gains are mainly due to offloading and also the improved geometry for those UE which are getting downlink transmission from LPN. 
We also plotted the performance with co-channel deployment. Without taking into demodulation pilot (D-CPICH) overhead, the performance of spatial reuse mode is slightly better compared to that of co-channel deployment.  Figure 5 shows the CDF plot for the carrier to noise ratio (CIR) for the two cases.  We found that in co-channel deployment pilots transmitted from a LPN contributes to the interference during the data transmission, while in combined cell the since the LPN s belong to the same cell the pilot is orthogonal to the data transmission. Hence the CIR is little bit better in combined cell as depicted in Figure 5.
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Figure 4 Percentage gains with respect to homogeneous network. Note that 4 LPNs per macro cell.
With the addition of demodulation pilot overhead (-13 dB), the gains due to combined cell reduces as the HS-PDSCH power is less.  Hence slight degradation is observed in Figure 4. 
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Figure 5 Downlink CIR comparison for co-channel and combined cell deployment. (4 LPNs per macro cell)
5 Simulation Results with Additional Pilot Overhead with SFN and Spatial Reuse Mode
The main objective of this section is to investigate

a. The performance of the legacy UEs when additional pilots are switched on for serving Release-12 UE in the spatial reuse mode.

b. Impact of additional pilot overhead on the spatial reuse mode.

In simulations we assume 4 LPNs with 37 dBm power and additional pilots amounting to 10% of the total power are continuously on, hence 30% pilot (+common channel) overhead. Figure 6 shows the user throughput for both SFN and spatial reuse UEs.  Table 1 shows the percentage of gains achieved when the additional pilot overhead is accounted for. It can be observed that the legacy UEs which are served in the SFN mode may not get benefit as the gains are very low, while the Release 12 UEs can get similar gains as that of co-channel deployment. 
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Figure 6 CDF of user data rate accounting for additional pilot overhead. (16 UEs per macro cell)
Table 1 Percentage of gains when additional pilot overhead is accounted for. (16 UEs per macro cell)
	Throughput  Metric
	Homogeneous

Network in Mbps
	   SFN mode
	Spatial Reuse Mode

	
	
	Value
	%Gain
	Value
	% Gain

	Average Sector Throughput


	6.6
	6.7
	1.52
	20
	203.1

	Average User Throughput
	0.41
	0.42
	2.44
	1.25
	204.87

	Average cell edge user Throughput
	0.069
	0.07
	1.45
	0.11
	59.42

	Median user Throughput
	0.37
	0.38
	2.7
	0.72
	94.6


6 Summary and conclusions
In this contribution, we investigate the performance of combined cell when operating in the Node Selection with Spatial Reuse mode with system simulations. We show that the gains achieved in this mode are equal to co-channel deployments.  As explained in the link analysis paper, [2], demodulation pilots are needed for data demodulation, and thus simulation results are also included for a system with extra overhead power for these demodulation pilots. 
Observation I: Similar gains as that of co-channel deployments can be achieved in combined cell.
Observation II: With the introduction of pilot overhead power, there is slight reduction of gains.
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8 Appendix

In the simulations, a full buffer traffic model with uniform load is assumed. The baseline case is taken without any deployment of LPN. The table below lists the parameters used in the system simulations.

Table 2: System level simulation parameters.

	Parameters
	Values and comments

	Cell Layout
	21 cell hexagonal (7 NodeB, 3 sectors per Node B 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):                                                     

                                                                              = 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: 30, 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

	Thermal noise density
	-174dBm/Hz

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

R1b (reporting range constant) = 4.5 dB 

	Power control
	DL: Based on CQI. No IBLER control

	Traffic model
	Full buffer 

	Total number of users
	0.1, 1, 2, 4, 8,16

	User dropping criteria
	random

	Number of LPNs
	 4

	LPN drop criteria
	random

	Network Configuration
	SIMO
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