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1 Introduction

A study item on UMTS Heterogeneous Networks was started in RAN#56 [1] to improve the coverage and capacity. Heterogeneous networks consist of deployments where low power nodes (LPNs) or remote radio units (RRUs) are placed throughout a macro-cell layout. 
In this contribution, we present the uplink system-level results for the combined-cell deployment scenario in heterogeneous networks based on full buffer traffic with two types of UE distribution. The combined-cell deployment scenario uses RRUs within a macro-cell coverage area, where the transmission/reception points created by the RRUs share the same cell ID and scrambling code as the macro cell. Simulation results show that UE throughput is increased significantly when RRUs are added in the combined-cell deployment scenario.
2 Simulation Model
In our simulations, we assume two cases of UE distributions - uniform UE distribution and hotspot distribution. The baseline case is taken without any deployments of LPNs/RRUs (i.e. macro-only). Simulations are done according to the agreed assumptions [2]. The table below lists some of the important parameters used in the system simulations. The RoT target is set to 6 dB.
Table 1: 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 kilometers

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation: 0.5

Intra-Node B Correlation :1.0

Correlation Distance: 50m 

	Antenna pattern
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LPN: 2D Antenna, omni-directional

	Channel Model
	PA3

	Maximum UE EIRP
	24dBm

	Maximum Tx Power of BS
	Macro Node: 43dBm
LPN: 24 and 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

	Thermal noise density
	-174dBm/Hz

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

	Power control
	UL: Target 1% IBLER after the fourth transmission 

	Traffic model
	Full buffer 

	Total number of users
	8 per macro cell coverage area

	User dropping criteria
	Random with uniform distribution and hotspot  dropping

	Number of LPNs
	4 per macro cell

	LPN drop criteria
	Random

	Network Configuration
	SIMO


3 Simulation Results with Uniform UE distribution
Figure 1 shows the cumulative distribution function (CDF) of UE throughput of a combined-cell deployment (4 RRUs per macro cell) with uniform UE distribution. As expected, with the addition of RRUs the user throughput increases significantly. The gains of the combined-cell deployment are achieved due to the reasons listed below.

1. Compared to a macro-only scenario, the combined-cell deployment significantly increases the likelihood of a UE having a smaller pathloss towards its closest reception point, which by means of power control translates into a significantly reduced transmit power level. The reduced transmit power results in reduced interference that the UE generates toward other reception points (other macros or RRUs)
2. Reduced UE transmit power gives rise to reduced interference. As a result, more UEs may be served in the system or currently served UEs can be scheduled with a higher grant.

3. The uplink reception in a combined cell is based on joint demodulation, which may utilize all the receive antennas within a combined cell. Such reception not only enjoys rich spatial diversity but also has a potential to use the rich spatial domain to suppress interference. This helps to further reduce the UE transmit power.
The effect of reduced transmit power is illustrated in Figure 2. As seen, the required UE DPCCH power in a combined cell is much lower than in a macro-only network.
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Figure 1: CDF of UE throughput comparing a macro-only scenario and combined-cell deployment scenario with 4 RRUs per macro cell, each of 37 dBm. (8 UEs per macro cell area with full buffer traffic, uniform UE distribution)
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Figure 2: CDF of DPCCH power level, comparing a macro-only scenario and combined-cell deployment scenario with 4 RRUs per macro cell, each of 37 dBm. (8 UEs per macro cell area with full buffer traffic, uniform UE distribution)
Table 2 summarizes the gains achieved in 10th-percentile, median, and mean user throughputs, respectively, with a combined-cell deployment, compared to the macro-only scenario. It can be observed that there are very substantial gains in user throughput with the combined-cell deployment.
Table 2: Percentage gains in user throughput with 4 RRUs per macro cell, each with power equal to 37 dBm (uniform UE distribution).
	
	10th-percentile

UE throughput
	Median
UE throughput
	Mean

UE throughput

	Gain compared to macro-only
	54.3%
	261.5%
	267.6%


Compared to the results of co-channel deployment shown in [3], the gains achieved by the combined-cell deployment are slightly higher. Besides the reasons mentions above in the beginning of section 3, this is also due to that in a combined cell, scheduling grant is more likely to be given from the perspectives of a RRU. In a combined cell, the notion of “serving cell” (the cell that issues uplink scheduling grant) is shared between the macro and the RRUs. This allows whichever RRU who has the best pathloss to the UE to act as the effective scheduler. In contrast, in the co-channel deployment case, to avoid large unlink-downlink imbalance the scheduler is determined based on downlink P-CPICH RSCP and CIO. As a result, the LPN who has the best pathloss to the UE may not be the scheduler.
4 Simulation Results with Hotspot UE distribution

Figure 3 shows the CDF of UE throughput of a combined-cell deployment with hotspot UE distribution. The hotspot scenario is defined such that 50% of the UEs are dropped within 60 m radius when the RRU has a power level of 37 dBm. The main motivation for doing this is to see more UEs closer to RRUs, hence the gains will be larger compared to that of uniform UE distribution due to more UEs having their transmit power steered toward a RRU, more reduced UE transmit power, and more reduced interference. Table 3 summarizes the gains achieved in 10th-percentile, median, and mean user throughputs, respectively, with a combined-cell deployment. It can be observed that there are very substantial gains in user throughput with the combined-cell deployment Also as seen, compared to Table 2, we do see a higher gain with the hotspot UE distribution.
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Figure 3: CDF of UE throughput comparing a macro-only scenario and combined-cell deployment scenario with 4 RRUs per macro cell, each of 37 dBm. (8 UEs per macro cell area with full buffer traffic, hotspot UE distribution)
Table 3: Percentage gains in user throughput with 4 RRUs per macro cell, each with power equal to 37 dBm (hotspot UE distribution).
	
	10th-percentile

UE throughput
	Median
UE throughput
	Mean

UE throughput

	Gain compared to macro-only
	87.4%
	345%
	313%


5 Summary and conclusions

In this contribution, uplink system-level results for a combined-cell heterogeneous network deployment (i.e. RRUs deployed in a macro network) are shown. The results show that significant gains can be achieved at the system level. The gains are due to reduced pathloss for UEs who are close to a RRU in a combined cell. The reduced pathloss for these UEs results in both reduced UE transmit power as well as reduced interference observed at both macro base stations and other RRUs. This gives rise to more UEs being served in the system or currently served UEs being scheduled with a higher grant. Besides, the uplink reception in a combined cell is based on joint demodulation. Such reception enables both rich spatial diversity and interference suppression. This helps to further reduce the UE transmit power. Moreover, combined cell allows RRU who has the best pathloss to the UE to act as the effective scheduler which further improves the performance. 
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