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1. Introduction
LTE heterogeneous deployment with Outdoor/Indoor Hotzone overlay could be critical for operators to provide enhanced area coverage with high throughout. Hence heterogeneous deployment support can be an important feature for LTE-A, as explicitly stated in the LTE-A study item description [1]. Interference management is expected to be the most important aspect in heterogeneous deployment. 

In this contribution, we study the following aspects:

· Impact of cell association strategy and resulting user attachment ratio on interference

· Frequency allocation (FA) strategy and its effect on interference mitigation

· Frequency selective scheduling (FSS) as an interference mitigation scheme to take advantage of frequency selective short-term fading 

· Beamforming (BF) as an interference mitigation scheme to take advantage of spatially selective short-term fading

We will evaluation the effect of each of the above aspects, as well as their combined effect and relative importance. The effectiveness of FSS and BF has been studied in our previous contribution [3], but with normal max-RSRP based cell association. The effect of cell association based on “range extension” was studied [9], but without short-term fading modeled. When assessing the combined effect of cell association and FSS/BF, we also evaluate three different frequency allocation schemes (i.e., reuse-1, non-overlapping FA, and overlapping FA). The throughout results will show that frequency allocation has significant impact on the user throughput, thus can be a powerful deployment technique for interference mitigation. The observations are very similar to that obtained for the indoor HeNB cluster scenario as reported in the companion contribution [13].
2. Simulation Assumption

In this contribution, we focused on the downlink performance of the second prioritized deployment scenario – outdoor hotzone. We study the case of overlaying onto case-1 macro cells with hotzone eNB and UEs placement according to configuration #1 (i.e., uniform placement). A network consisting 57 macro cells is considered, and 10 hotzones and 25 UEs are randomly dropped in each cell. More details of the simulation assumptions are summarized in Table 1.
For large scale fading, the pathloss models described in the latest TR36.814 are used. The IMT.EVAL based frequency selective spatial channel models are used for the fast-fading generation, where ITU UMa and UMi fast fading models are used for case-1 macro and hotzone cells respectively. 

	Simulation Parameter
	Value

	Deployment scenario
	10 hotzones randomly overlaid onto Case 1 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 in case of 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 antenna pattern
	Omni-directional

	Macro eNB antenna gain
	17dB

	Hotzone antenna gain
	5dB

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

	Minimum distance between hotzone and macro
	35m

	Minimum distance between hotzones
	40m

	Minimum distance between macro and UE
	35m

	Minimum distance between hotzone and UE
	10m

	Fast Fading Channel 
	Modeled (macro: ITU UMa, hotzone: ITU UMi)


Table 1. Simulation Parameters
3. Technical Aspects Consideration
We mainly use the user throughout distribution, as well as user attachment distribution, to study the following technical aspects: 

Cell association:

Typically the cell association is based on maximal RSRP. But we also simulated the case of “range extension” denoted as “RE” in the plots. A 25dB bias is given to the outdoor hotzones where this value is roughly the difference in transmit power plus antenna gain between hotzone and macro. So such a bias is effectively making the cell association rule to be based on minimal pathloss as opposed to max-RSRP.
Frequency Allocation Schemes:

Frequency allocation refers to the bandwidth to be assigned to each hotzone and macro nodes during deployment. We consider three simple static frequency allocation schemes:
(1) “Reuse-1” – This case requires no frequency planning, but interference mitigation will rely on FSS and BF.  

(2)  “Non-overlap FA” – This case allows some interference mitigation by assigning non-overlapping bandwidth to different nodes. In our simulation, we assume macro nodes transmit at half of the entire frequency band with hotzone-eNBs use the other half.
(3) “Overlap FA” – This case assumes that macro nodes was assigned to half of the frequency band, but hotzone-eNBs can still use the entire band. 
The last two schemes represent some heuristic FA strategy. Assigning non-overlapping bands is natural way to avoid interference between macro and hotzone. Overlapping FA, on the other hand, may seem to be counter-intuitive at first. In this particular example of macro using half bandwidth and hotzone taking entire band, Hotzone UEs will have a “protected” band on which significant throughout gain can be obtained because of the removal of macro interference. At the same time, macro UEs, due to their location, may not see such a big improvement even if the interference from hotzone eNBs is removed as in non-overlapping FA. Clearly such a FA strategy depends on the relative number of UEs attached to hotzone and macro eNBs. 
Frequency-Selective Scheduling
Already supported in Rel-8, FSS is an effective means to mitigate interference by taking advantage of the frequency selective fading of interference, particularly for low-mobility channels. In our study, when FSS is simulated, we assume a granularity of 5 RB for each sub-band.

Beamforming (Precoding):

Similar to FSS, precoding is also an effective means to mitigate interference by taking advantage of the spatial selectivity of the interferers. Even without any CoMP, which is the case in our simulation, precoding by concentrating the transmission energy in the general direction of the desired UE minimizes the interference spread to other UEs statistically. Of course, the actual interference mitigation gain depends on spatial channel difference between desired and victim UEs. The precoding gain depends on transmission antenna correlation and their number.

4. Simulation Results and Observations

Simulation was conducted in a similar way as in ITU evaluation for homogeneous deployment. Scheduling decision is made individually at macro-eNB or hotzone-eNB independently (i.e., no CoMP) by a PPF scheduler assuming UE feedback periodically every 4ms and scheduling delay of 3ms. Assume UE feedback is the 2x2 spatial covariance matrix on the entire band or subband in case of FSS. This is used for rank-1 or 2 precoding which was determined based on prediction throughput (fairness adjusted). Actual CQI for transmission is estimated by the method proposed in [6]. MRC/MMSE UE receiver is assumed for rank-1 and 2, respectively.  It is noted they are not exactly the Rel-8 codebook based PMI and CQI assumptions, but the results should be similar between eigenvector based and PMI based precoding in the case of 2-Tx eNBs.
Cases and notation used in the plots are:

· “RE” – Range Extension with 25dB bias

· “Wideband/No Beamforming” – Wideband allocation with STBC rank-1

· “Wideband/Beamforming” – Wideband rank-1/2 precoding

· “Subband/No Beamforming” – Subband allocation in FSS with STBC rank-1

· “Subband/Beamforming” – Subband allocation in FSS with rank-1/2 precoding
4.1. Results and Observations on frequency allocation schemes: 
Figure 1 shows impact of the frequency allocation and range extension when no frequency selective scheduling or beamforming is applied, Figure 2 illustrates performance results with beamforming, Figure 3 shows the results where frequency selective scheduling is used, and the result with both frequency selective scheduling and beamforming is given in Figure 4. In all of the four figures, the CDF’s of the user throughputs under different schemes are plotted, where ‘Reuse 1’ denotes no frequency allocation being used, ‘NonOverlap FA’ and ‘Overlap FA’ represent non-overlap and overlap frequency allocation respectively, and ‘RE’ denotes range extension. 

FA without FSS or BF
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Figure 1
FA with BF
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Figure 2
FA with FSS
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Figure 3
FA with FSS and BF
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Figure 4
We can see from the above four plots:

· When no range extension is used, which are illustrated as dash curves in the figure, reuse-1 deployment is mostly better than non-overlapping FA (i.e., reuse-2). Even though interestingly overlapping FA showed larger probability to get higher user throughout, reuse-1 is still the best in low SINR region. The same observation is obtained regardless of FSS or BF is applied or not.   
· Range extension, while increasing the hotzone attachment from 42.48% to 96.4%, degrades cell-edge performance in reuse-1. Even though range extension is not expected to affect the throughout of hotzone users with high SINRs, 3-8% of hotzone UEs at cell-edge will suffer from extremely low (or even zero) throughout due to interference from macro eNBs. 
· Range extension also increases the hotzone activation ratio from about 65% to 90% (We assume the hotzone-eNB without any UEs attached to it is not active.). An increased number of UEs originally served by macro are now served by hotzones. Even though the SINRs of these UEs are low, we may observe improved throughput in the moderate SINR region even for reuse-1, because both macro and hotzone UEs can get scheduled more often after some of them get moved to hotzones. 
· Frequency allocation that can provide hotzone UEs with “protected” bandwidth may be used to deliver reasonable performance for cell-edge users. 
· Overlapping frequency allocation with range extension can give better throughout distribution than reuse-1 and non-overlapping FA. 
4.2. Results and Observations on FSS and BF:
Figure 5 to Figure 10 show the impact of the frequency-selective scheduling and beamforming under the three different frequency allocation schemes, also with and without range extension.
Reuse 1
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Figure 5
Reuse 1 + RE
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Figure 6
Non-Overlap FA

[image: image7.emf]10

4

10

5

10

6

10

7

10

8

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Throughput (bps)

CDF

Non-overlap FA

 

 

WB/NOBF

WB/BF

SB/NOBF

SB/BF


Figure 7
Non-Overlap FA+RE
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Figure 8
Overlap FA
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Figure 9
Overlap FA+RE
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Figure 10
From the three static frequency allocation schemes, we can observe:

· Both frequency-selective scheduling and beamforming can improve overall performance, even though they may have secondary impact compared with frequency allocation schemes.
· Frequency-selective scheduling has more performance improvement (i.e., more interference mitigation gain) in low SINR region than beamforming, which is expected for 2-Tx precoding (note that the gain at high SINR of BF versus NoBF is mainly due to NoBF is just rank-1 STBC without rank-2 as allowed in BF). 
5. Conclusion

In this contribution, we study interference mitigation through static frequency domain resource allocation and effect of cell attachment in addition to beamforming and frequency selective scheduling. Some observations regarding frequency allocation and range extension are summarized as follows:

· When no range extension is used, reuse-1 deployment is better than non-overlapping FA, but overlapping FA showed larger probability to get higher user throughout.    
· Range extension, while increasing hotzone attachment ratio and hotzone activation ratio, degrades cell edge performance in reuse-1 with 3-8% of hotzone UEs suffering from interference from macro eNBs. 

· Frequency allocation that can provide hotzone UEs with “protected” bandwidth (i.e., overlapping and non-overlapping FA) must be used to deliver reasonable performance for cell-edge users. 
· Overlapping frequency allocation with range extension can give better throughout distribution than reuse-1 and overlapping FA. 
· Both frequency-selective scheduling and beamforming can improve overall performance even though they may have secondary impact compared to frequency allocation schemes. 
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