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1
Introduction 

Enhanced interference management for Heterogeneous Networks (HetNets) have been added to the list of LTE-A work items in Rel 10 [1]. In this contribution, we consider one such HetNet deployment, where low power nodes (picos) are placed in a macro network. We focus on UL and illustrate how techniques considered to increase the footprint of low power nodes [3]

 REF _Ref264846196 \r \h 
[4]

 REF _Ref264846198 \r \h 
[5] enable reliable DL control channel performance and in addition to DL, provide positive impact on UL system performance as well.
.
2
Simulation Assumptions
We consider three deployment scenarios with 1x2 antenna configuration and a 10MHz system bandwidth.

· Macro only

· Co-channel deployment without resource partitioning, where serving cell selection is based on best RSRP, and there is no inter-cell interference management.

· Co-channel deployment where increased footprint for low power nodes is enabled and combined with enhanced interference management via resource partitioning among cells.

For the resource partitioning case, the serving cell for each UE is first determined based on the best DL RSRP with a fixed 25dB bias towards the hotzone (low power) cells. However, the serving cell is guaranteed to have a geometry -18dB or higher. Therefore, if after applying the bias, UE geometry is below – 18 dB, UE remains associated with a macro eNB. Once the serving cell is selected, it is fixed and no longer changed. After that, resource partitioning algorithm is performed to coordinate inter-cell interference mainly focusing on cell edge UE performance enhancement.

In this contribution, the consider configuration #1 [2], where both the UEs and the hotzone cells are randomly dropped. The number of UEs is fixed at 25 UEs/macro cell, while the density of the hotzone (pico) cells is 4 hotzones/macro cell. In particular, the following aspects are considered:

· Scheduling: We focus on equal grade of service (EGoS) scheduling.  

· Power control: Open loop power control setting according to pre-defined IoT target. IoT targets are: 7.5dB (macro cell) and 10.5dB (pico cell).

· Vertical Antenna: Vertical antenna as defined in the Appendix of TR 36.814 [2] is enabled, where the electrical antenna downtilt 
[image: image1.wmf]etilt
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 = 10 degrees, which we believe better reflect realistic deployments.

· Channel Model: NLOS based path loss modelling is considered.

· Fading: TU is assumed.

3
Discussion of Numerical Results
The following table summarizes the performance results when techniques that ensure reliable DL control channel performance are enabled [4]. The techniques described in [4] are fully backward compatible and rely on cooperative scheduling, negotiated over the backhaul. Results are shown for the following scenarios: (a) macro only; (b) co-channel macro/pico without resource partitioning (RP); (c) co-channel macro/pico with RP. 
The IoT on uplink can vary greatly between different resources used by macro or pico cells.  Therefore, the power control operation needs to be resource specific in order to maintain the IoT at reasonable levels.  In addition advanced UE receiver is assumed, capable of operating in low geometry, as discussed in [6]. As Table 1 and Figure 1 show, significant performance gains can be observed in the uplink when techniques that ensure reliable DL control channel performance are enabled [4]. In the case of no resource partitioning, however, the gains at the edge and median UE throughputs are marginal and limited to relatively few UEs that can be associated with pico cells. 
Figure 1 shows the UE throughput CDF for the 3 scenarios described above. As noted earlier, enhanced interference management techniques provide substantial gains relative to the macro-only deployment.  In particular, gains of 51% and 179% are observed at the tail and median, respectively. This contrasts with gains of 12% and 15% observed without resource partitioning. There is a small degradation in the mean throughput value. But as illustrated in Figure 1, the difference can be attributed to a very small fraction of UEs that receive disproportionally higher throughput when resource partitioning is not utilized. Figure 2 and Figure 3 illustrate the macro and pico eNB IoT for each of the scenarios. 
	  
	Throughput  in kbps 

(gain w.r.t macro only) 
	Macro IoT (dB) 
	Pico IoT (dB) 

	
	5% Tail 
	Median 
	Mean 
	Mean 
	Mean 

	Macro Only 
	186 
	239 
	240 
	7.8 
	N/A 

	Co-channel  Macro/Pico 
	No resource partitioning 
	208 (12%) 
	274 (15%) 
	830 (246%) 
	7.7 
	10.8 

	
	Resource partitioning 
	281 (51%) 
	667 (179%) 
	780 (225%) 
	7.1 
	10.6 


Table 1 UE throughputs and IoT summary
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Figure 1: Cumulative density function comparison for UE throughput; scenarios: macro only and co-channel pico deployment, with and without resource partitioning.
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Figure 2: Complementary cumulative density function macro eNB IoT comparison; scenarios: macro only and co-channel pico deployment, with and without resource partitioning.
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Figure 3: Complementary cumulative density function pico eNB IoT comparison; scenarios: co-channel pico deployment, with and without resource partitioning.
4 Conclusions
In this contribution, we evaluated the impact on UL performance and observed that co-channel deployment of pico cells without resource partitioning provides only marginal gains at the median and edge UE throughputs when compared to macro only deployments.  Employing resource partitioning when pico cells are deployed, provides significant gains both at the edge and the median, while maintaining comparable mean throughput gains, compared to the case without resource partitioning. 
Techniques that enable increased footprint of low power nodes [4][6], coupled with resource specific interference management can therefore provide benefit for UL performance as well. 
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