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1 Introduction
Initial system simulation results following the methodology of [1] and [2] are presented. The scenario is uplink, co-frequency, closed access FDD and interference between the traffic channels is considered.
2 Simulation Assumptions

The simulation parameters largely follow the assumption in [1], [2] with the following specific parameters:
	Parameter
	Assumption

	Deployment
	Suburban, 7 sites (21 sectors) with wrap-around, 500m ISD.

10% of femto UEs are outdoors and all macro UEs are indoors – this is a worst case scenario in terms of interference to the macro layer.

	Exterior Wall Loss
	20dB

	Shadowing correlation (one BS to multiple UEs)
	Correlated Shadowing

	Macrocell Power uplink control
	Both Fractional Power Control and Proprietary methods modelled

	Femtocell uplink power control
	Max power based on femto coverage, or max power based on limiting noise rise to macro neighbours (a similar approach to that described in [3GPP 25.967] section 7.5.1 for WCDMA).

	Link to System Mapping
	Per sub-carrier capacity approach

	Scheduler
	Round Robin or proprietary Frequency Selective/Proportional Fair

	Traffic model
	Full Buffer

	Number of RBs for PUCCH
	8 (versus 4 in [1])


Table 1: Simulation Parameters
Three cases are considered:

	Case Name
	Definition

	Baseline
	· Fractional power control on macro

· Power control to meet coverage on femto

· Round Robin Scheduling

	Baseline + Enhanced Power Control
	· Enhanced power control on macro and femto (similar to 3GPP 25.967 for WCDMA, including placing a power cap on the femto UEs to protect the macro layer)

· Round Robin Scheduling

	Enhanced Scheduling and  Power Control
	· Enhanced power control (as above)

· Proportional Fair Frequency Selective Scheduling


Table 2: Simulation Cases

3 Simulation Results

3.1 Impact of Femto on Macro Uplink

Preliminary simulation results for the macrocell uplink average sector throughput as a function of femto density are shown in Figure 1 below:
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Figure 1: Macrocell uplink average sector throughput

Note that the macrocell average user throughput (not shown) is 10% of the average sector throughput since there are 10 macro UEs per sector.

Preliminary simulation results for the macrocell 5 percentile uplink user throughput as a function of femto density are shown in Figure 2 below:
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Figure 2: Macrocell uplink 5 percentile user throughput
Preliminary simulation results for the macrocell interference over thermal are shown in Figure 3 below:
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Figure 3: Macrocell Interference over Thermal
Points to note regarding these results:

· The LTE macrocell uplink performance with no femtocells present is similar to the results obtained in RAN1 during 2007.

· As expected, the LTE macrocell uplink performance with enhanced power control and scheduling algorithms is significantly improved compared to the baseline.

· 10% of femto UEs are outdoors and all macro UEs are indoors – this is a worst case scenario in terms of interference to the macro layer.

· The LTE macrocell uplink performance degrades with increasing femto density, however with simple interference mitigation this can be managed such that the resulting performance loss is reasonable while at the same time the total system throughout (macro + femto) increases significantly. 

· It is expected that the performance could be improved with more sophisticated interference management approaches, e.g. making use of X2 signalling from the macros to the femtos. Such schemes are for further study.

3.2 Impact of Macro+Femto on Femto Uplink

Preliminary simulation results for the femtocell uplink average sector throughput as a function of femto density are shown in Figure 4 below:

[image: image4.emf]0 10 20 30 40 50 60 70 80

1

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

2

x 10

4

Femto Layer Uplink, Av. Cell Throughput

Throughput (kb/s)

Femtos per Macro Sector

 

 

Baseline

Baseline + Enhanced Power Control

Enhanced Scheduling and  Power Control


Figure 4: Femtocell uplink average sector throughput
Note that the femtocell average user throughput (not shown) is equal to average sector throughput since there is 1 femto UE per femtocell.

Preliminary simulation results for the femtocell 5 percentile uplink user throughput as a function of femtocell density are shown in Figure 5 below:
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Figure 5: Femtocell uplink 5 percentile user throughput
Preliminary simulation results for the femtocell interference over thermal are shown in Figure 6 below:
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Figure 6: Femtocell Interference over Thermal
Points to note regarding these results:

· For this suburban model the uplink LTE femtocell performance is relatively insensitive to femtocell density.

· The femtocell uplink performance is impacted with the introduction of simple interference mitigation schemes to protect the macro, particularly at the 5 percentile level (which most likely corresponds to outdoor femto UEs having their power capped). However the femtocell 5 percentile uplink throughput is still reasonable (at least 1 Mb/s).

· It is expected that the performance could be improved with more sophisticated interference management approaches which are for further study.

3.3 Impact of Macro on Femto Uplink
The following results were obtained In the case of 5 femtos per macro sector for the baseline configuration:

	Number macro UEs per macro sector
	Femto average throughput (Mb/s)
	Femto 5 percentile throughput (Mb/s)
	Femto mean IoT (dB)

	0
	18.1
	18.1
	-22.0

	10
	18.1
	18.1
	-4.2


Table 3: Macrocell system assumptions

Although the presence of the macro UEs causes a rise in the interference over thermal as seen at the Femto, the interference level remains low relative to the thermal noise and the throughput is not impacted. These baseline results assume that the femtos are not constrained in order to protect the macros.

4 Conclusion 

Preliminary simulations were carried out for the sub-urban deployment model to assess interference between the macro and femto layers, for LTE traffic channels in the uplink,  co-channel, and closed access scenarios. It should be stressed that these are preliminary results which are likely to be refined going forward.

For the femto UEs, 10% were assumed to be outdoor, whereas all macro UEs were assumed to be indoor. This is pessimistic when considering interference from the femto layer to the macro layer. 

The impact of interference to the macro layer can be effectively managed by simple interference mitigation approaches similar to those defined for WCDMA in 25.967. In so doing there is some performance impact to the femtocells, however femtocell performance remains good overall and the total system capacity (femto plus macro) increases significantly.  It is expected that further performance improvements could result from more sophisticated interference mitigation schemes e.g. by making use of X2 signalling between the macros and the femtos. This is for further study.
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