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1. Introduction
Heterogeneous deployment support is an important feature of LTE-A, as more explicitly stated in the revised LTE-A study item description [1]. One of the key issues for heterogeneous deployment is interference management: How bad the interference situation is and how to mitigate the interference. For that study, we focus on deriving observations on the DL interference scenario assuming open-access pico-cells/hotspots overlaid onto a macro-cell environment (i.e., interference to UEs attached to either macro or hotspot will come from both macro and hotspot). In [3], we already studied the gain or effectiveness of beamforming and frequency-selective scheduling techniques in such deployment environment.  These techniques are designed to take advantage of the short-term fading in the spatial and frequency domains to mitigate interference that is also selective in both domains.  
In this contribution, we further evaluate the effect of cell association, namely “range extension” to allow more UEs to be able to attach to the hotspot [9]. It is expected that interference can become very challenging in a reuse-1 deployment, even with frequency selective scheduling and beamforming. Time domain muting is considered in [7] where the in-band and out-of-band relay networks are simulated with the channel models described in TR 36.814
, and each non-backhaul subframe is exclusively used by either the macro nodes or the relay nodes
 when muting is used. Also, the 10 lambda antenna spacing is used. In [7], it is shown that no significant benefit from time domain muting over no muting can be observed for non-ideal backhaul. In this contribution, we focus on frequency domain muting in addition to the frequency selective scheduling and beamforming. 
2. Simulation Assumption   
We use the IMT.EVAL based frequency selective spatial channel model for the system simulation with heterogeneous deployment. In this contribution, we mainly studied the downlink performance of the deployment scenario where UMi hotzone are overlaid onto the UMa macro cells. A network consisting 57 macro cells is considered, and 10 hotzones and 25 UEs are randomly dropped in each cell. The placement of the hotzones and UEs has a great influence on the performance of the entire network. In this contribution, we focus on the scenario where both the hotzones and UEs are uniformly dropped satisfying the minimal distance constraints specified in TR36.814. We also assume all the UEs have speed 3kmph. Each base station is equipped with 2 transmitter antennas, and each UE has 2 receiver antennas.

Cell association:

Typically the cell association is based on RSRP. We also simulated the case of “range extension” denoted as “RE”, where a 25dB bias is given to the hotzone nodes when determining the cell attachment.

Frequency-Selective Scheduler

When FSS is simulated, we assume a granularity of 5 RB for each sub-band.
Precoding:

In the non-beamforming case, rank-1 transmission assumes STBC method and rank-2 assume open-loop 2x2 MIMO. When precoding is applied, we assume the eNB has knowledge of either wideband or sub-band spatial covariance matrix (2x2), so when either rank-1 or rank-2 precoding is selected, the precoding vector/matrix corresponds to the dominant eigenvector(s) [5]. For 2-Tx precoding without CoMP (which is the simulation assumption here), it is expected to be similar to the assumption of using Rel-8 PMI-based precoding.  The spatial correlation matrix of entire band or a sub-band is fed back with 3ms delay and 4ms reporting interval. No channel estimation error is modeled. 

Frequency-domain Muting:

We consider two simple static muting schemes in the frequency domain:
(1) “MT” – “non-overlap muting” where macro nodes transmit at half of the entire frequency band, hotzone nodes use the other half
(2) “MT2” – “overlap muting” where macro nodes transmit at half of the frequency band, but hotzone nodes can use the entire band. The reason to allow full-band occupation for hotzone is that, when most of the users in hotzone experience decent SINRs it will be good to allow these UE to occupy as much as bandwidth for maximal throughput gain. 
Scheduling decision is made individually at each base station (macro or hotzone) by a PPF scheduler, and only one user can be scheduled in each sub-band. The transmission MCS mode is determined based on predicted mean mutual information per bit (MMIB) method, and CQI is estimated by the method proposed in [6]. Additional details of the simulation assumptions are summarized in Table 1 below.
	Simulation Parameter
	Value

	Deployment scenario
	10 UMi hotzones randomly overlaid onto UMa macro-cells (19-cell, 57-sector wrap-around)

	Number of UEs per macro-cell sector 
	25 uniformly distributed

	Serving cell attachment 
	RSRP-based (with bias for range extension) 

	Scheduler 
	Proportional fairness and no coordination

	Bandwidth
	10MHz

	Carrier Frequency
	2GHz

	Macro cell ISD
	500m

	Max Macro Tx Power
	46dBm

	Max Hotzone Tx Power
	30dBm

	Noise PSD
	-174 dBm/Hz

	Macro eNB antenna pattern
	3D antenna pattern

	Hotzone eNB antenna pattern
	Omni-directional

	Macro eNB antenna gain
	17dB

	Hotzone eNB antenna gain
	5dB

	Antenna configuration
	2-Tx 0.5 lambda, 2-Rx 0.5 lambda for all links


Table 1
3. Results and Observations: 
3.1. Muting without frequency selective scheduling or beamforming
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Figure 1
Figure 1 shows impact of the frequency domain muting and range extension when no frequency selective scheduling or beamforming is applied. The CDF’s of the user throughputs under different schemes are plotted where ‘R1’ denotes no muting being used, ‘MT’ and ‘MT2’ represent non-overlap muting and overlap muting  respectively, and ‘RE’ denotes range extension. Those notations will be used in the rest of this section.
We can see:

· When no range extension is used, which are illustrated as dash curves in the figure, schemes with and without muting have similar performance, and the scheme without muting is the best among them in terms of the overall performance (blue dashed curve). 
· With range extension (shown as the solid curves), the throughput performance is much worse in low SINR region, and no significant gain can be observed in high SINR region either. This is mainly due to the fact that FSS and BF is not used to mitigate interference. 
· In summary, when no frequency selective scheduling and beamforming is exploited, adding muting and range extension actually degrades the performance. 

3.2. Muting with beamforming
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Figure 2
Now we consider the scenarios where beamforming is enabled but the frequency selective scheduling is not used. Figure 2 shows the CDF’s of the user throughput under different muting and range extension settings. 
We can observe:

· Muting without range extension only degrades the performance, which is similar as the cases without beamforming. 
· Range extension without muting suffers in low SINR region because even beamforming will not be enough to offset of the very low SINRs due to range extension.

· FDM muting with range extension can improve throughput, only if combined with BF. “MT2” seems to be the best scheme. Also, a cross-over of curves can be observed between “MT” and no muting.
3.3. Muting with frequency selective scheduling
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Figure 3
Now consider the combination of the muting/range extension and frequency selective scheduling. Figure 3 shows the performance of schemes using frequency selective scheduling without beamforming. 
We can see:

· No muting or range extension has the best overall performance, thus muting/range extension is not an effective method when only frequency selective scheduling is used.
3.4. Muting with both frequency selective scheduling and beamforming
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Figure 4
Finally, we consider both the frequency selective scheduling and beamforming are enabled, and Figure 4 is the results. 
We can see:

· Again, muting doesn’t improve the performance without range extension. Range extension without muting suffers from low throughput in low SINR region.
· Similar to the observation under only beamforming, FDM muting with range extension can improve throughput if combined with BF and FSS. 
4. Conclusion

In this contribution, we study the interference mitigation through frequency domain muting and range extension in addition to beamforming and frequency selective scheduling. Unlike the macro only case, the overlaid heterogeneous deployment introduces more interference. Thus, those interference mitigation techniques utilizing selectivity in spatial and frequency domains of the short term fading channel can improve the system performance.  Some observations regarding muting and range extension are summarized as follows:

· Muting without range extension actually degrades the performance.
· Allow bandwidth overlap in frequency domain muting is better than non-overlap muting
· Frequency domain muting with range extension degrades the performance if only FSS is used.
· Frequency domain muting with range extension degrades the performance, if no beamforming is used.
· Frequency domain muting and range extension can improve the system performance combined with beamforming.
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� The pathloss models for all kinds of links include LOS and NLOS components, which is different than what we consider in this contribution.  


� This is similar to “non-overlap muting” in this contribution.
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