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1. Introduction

In LTE-A SI, it has been indicated that an alternative cell association, which differs from the traditional RP (Received Power) based method, is beneficial for improving performance in macro + outdoor hotzone scenario of heterogeneous networks (HetNet) [1]-[5]. Since the alternative cell association increases downlink (DL) interference (e.g. as shown in Fig. 9A-1 of TR36.814 [6 REF _Ref257885439 \h 
 \* MERGEFORMAT ]), DL interference management is essential for both data channels and control channels.

Based on [7] and [8], Rel-8/9 control channels could work well in macro + outdoor hotzone scenario with RP based cell association, although there is still no consensus on their effectiveness or the need for alternative cell association. To further progress this study, RAN1 should agree to use the alternative cell association as an effective strategy for HetNet deployments.

In this contribution, we show potential significant DL performance gain due to range expansion with frequency resource partitioning for PDSCH, which can also be applied to Rel-8/9. In addition, the simulation results indicate that range expansion could take on a wide range of optimum bias depending on variable traffic conditions. Geometry-based analysis clarifies that ICIC for control channels is needed because requirements of interference mitigation level for control channels are different for each bias and traffic condition. Interference mitigation schemes are discussed in a companion contribution [9]
2. Range Expansion and Frequency Resource Partitioning for Data Channel
This contribution uses range expansion referred to in [1] as an alternative cell association (note that pathloss based method is also part of range expansion) and frequency resource partitioning as interference management for data channel. Fig. 1 shows an interference scenario with these techniques. 

Range expansion is enabled by biasing RSRP received from a hotzone node.

Frequency resource partitioning is only applied to macro PDSCH in order to prevent significant interference from macro eNodeBs (MeNBs) to hotzone UEs which are additionally served by hotzone cells due to range expansion. However, since it reduces resources available in macro cells, the fraction of frequency resource partitioning needs to be properly configured so that offload effects from macro cells to hotzone cells exceed the impact of the available resource reduction at macro cells.
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Fig. 1   Interference scenario with range expansion and frequency resource partitioning,
Rx power (solid, dotted->macro), 1/pathloss (dashed)

3. Simulation
The simulation is based on the assumptions and parameters in Annex A and channel model 1 defined in Table A.2.1.1.2-3 of TR36.814 [6 REF _Ref257885439 \h 
 \* MERGEFORMAT ] is evaluated. We assume ideal control channels reception to focus on potential performance gains. The total number of users within each macro geographical area is 30.
For DL in configurations #4a and #4b with 2 and 4 hotzone nodes per macro geographical area, the 5% worst and median user throughputs, the macro cell area throughput, normalized sum gain (= (5% worst user throughput gain + median user throughput gain + macro cell area throughput gain compared to macro only performance) / 3), and the fraction of hotzone serving UEs are shown in Figs. 2 - 9, respectively. Other results are also shown in Annex B.
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(a) 5% worst user throughput


(b) Median user throughput
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(c) Macro cell area throughput                  

(d) Normalized sum gain†


†Normalized sum gain is (5% worst user throughput gain + median user throughput gain 
+ macro cell area throughput gain compared to macro only performance) / 3.
Fig. 2   Performance results in configuration #4a with 2 hotzone nodes per macro geographical area
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Fig. 3   Fraction of serving UE in configuration #4a with 2 hotzone nodes per macro geographical area
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(a) 5% worst user throughput


(b) Median user throughput
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(c) Macro cell area throughput                  

(d) Normalized sum gain†


†Normalized sum gain is (5% worst user throughput gain + median user throughput gain 
+ macro cell area throughput gain compared to macro only performance) / 3.
Fig. 4   Performance results in configuration #4b with 2 hotzone nodes per macro geographical area
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Fig. 5   Fraction of serving UE in configuration #4b with 2 hotzone nodes per macro geographical area
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(a) 5% worst user throughput


(b) Median user throughput
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(c) Macro cell area throughput                  

(d) Normalized sum gain†


†Normalized sum gain is (5% worst user throughput gain + median user throughput gain 
+ macro cell area throughput gain compared to macro only performance) / 3.
Fig. 6   Performance results in configuration #4a with 4 hotzone nodes per macro geographical area

[image: image16.emf]0

0.2

0.4

0.6

0.8

1

MacroOnly RP based 4dB bias 8dB bias 12dB bias 16dB bias

Cell selection

Fraction of serving UE

Hotzone UE

Macro UE


Fig. 7   Fraction of serving UE in configuration #4a with 4 hotzone nodes per macro geographical area
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(a) 5% worst user throughput


(b) Median user throughput
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(c) Macro cell area throughput                  

(d) Normalized sum gain†


†Normalized sum gain is (5% worst user throughput gain + median user throughput gain 
+ macro cell area throughput gain compared to macro only performance) / 3.
Fig. 8   Performance results in configuration #4b with 4 hotzone nodes per macro geographical area
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Fig. 9   Fraction of serving UE in configuration #4b with 4 hotzone nodes per macro geographical area
These results show the following:

· Range expansion can provide significant DL performance gain especially in the 5% worst and median user throughputs.

· In the case of RP based cell association, 5% worst and median user throughputs of macro UEs are lower than those of hotzone UEs (please see Annex B). Range expansion enables improvement in the macro user throughputs by increasing the offload effect from macro cells to hotzone cells. It leads to the improvement of the 5% worst and median user throughputs.

· Due to interference mitigation by frequency resource partitioning, range expansion with higher bias (larger than 8dB) can provide further performance gain.

· Although range expansion with higher bias can further improve load balance between macro and hotzone cells, it generates hotzone UEs which are significantly interfered by MeNB and can receive only low power signals from hotzone nodes. In order to provide high throughputs to hotzone UEs (at least, similar level to macro user throughputs), the interference mitigation from MeNB to hotzone UEs is required.

· Since frequency resource partitioning reduces resources available in macro cells, the offload effect due to range expansion needs to exceed the impact of the available resource reduction at macro cells. Such effect can be achieved in the environments of relatively higher traffic in hotspots (i.e. configuration #4b rather than configuration #4a) and/or more hotzone nodes within macro geographical area.

The cumulative distribution function (CDF) of geometry based on RSRP is shown in Fig. 10 and Table 1 (where range expansion and frequency resource partitioning are configured within the simulation parameters to maximize the normalized sum gain). The requirement of interference mitigation to meet BLER<1% for PDCCH (DCI format 1A, aggregation level 8) in 95% UEs and those for other control channels are as follows (we refer SINR thresholds for 1% BLER on different control channels in [10]):

· Up to about 6.0dB interference mitigation for configuration #4a with 2 hotzone nodes where range expansion with 8dB bias and 50:0 frequency resource partitioning (i.e. no partitioning) maximize the normalized sum gain. 

· In addition, small interference mitigation may be required for other control channels.

· Up to about 11.6dB interference mitigation for the other scenarios where range expansion with 16dB bias and frequency resource partitioning maximize the normalized sum gain. In this case, other control channels such as PBCH and SCH also need interference mitigation. However, the performance gain compared to range expansion with 8dB bias is not so significant.

· In uplink (UL), such higher bias range expansion (similar to pathloss based cell association) would be effective as we have shown in [2].

· The optimum configuration of range expansion and the corresponding requirements of interference mitigation for control channels are dependent on the traffic conditions and the HetNet deployments. In order to operate HetNets effectively ICIC needs to be applied to PDCCH since the traffic conditions and the HetNet deployments are expected to change from time to time and from location to location.
· If only static interference management for control channels can be applied, it would cause performance loss in unplanned traffic conditions.
Therefore, in this stage, we conclude as follows:

· At the minimum, range expansion with bias which does not require interference mitigation for other control channels such as PBCH and SCH should be supported to enhance HetNet performance. This requires up to about 6dB interference mitigation for PDCCH.

· Range expansion with higher bias (larger than 8dB) could provide some further performance gain. However, this requires not only significant (about 11dB) interference mitigation for PDCCH but also protection for other control channels such as PBCH and SCH.

· ICIC for control channels (at least, PDCCH) is necessary to effectively deploy HetNet because the optimum configuration of range expansion and the corresponding requirements of interference mitigation for control channels are dependent on the traffic conditions and the HetNet deployments, which are expected to change from time to time and from location to location.
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Fig. 10   CDF of Geometry based on RSRP

Table 1   CDF of Geometry based on RSRP,

not meet BLER<1% for PDCCH (DCI format 1A, aggregation level 8)

	Geometry (dB)
	#4a, 2Hot
	#4b, 2Hot
	#4a, 4Hot
	#4b, 4Hot

	-3.8
	0.46
	0.48
	0.61
	0.47

	-7.8
	0.17
	0.34
	0.43
	0.31

	-11.8
	0.01
	0.18
	0.24
	0.16

	-15.8
	0.00
	0.04
	0.05
	0.03


· In the case of 2 hotzone nodes, 4dB / 8dB / 12dB interference mitigation are required to meet BLER<1% for PDCCH by 29% / 16% / 1% hotzone UEs in configuration #4a and 14% / 16% / 14% hotzone UEs in configuration #4b, respectively. This disparity comes in the traffic conditions and the optimum configuration of range expansion.

· In the case of 4 hotzone nodes, 4dB / 8dB / 12dB interference mitigation are required to meet BLER<1% for PDCCH by 18% / 19% / 19% hotzone UEs in configuration #4a and 16% / 15% / 13% hotzone UEs in configuration #4b, respectively. This disparity comes in the traffic conditions.

4. Conclusion
In this contribution, we showed potential but significant DL performance gain due to range expansion with frequency resource partitioning for PDSCH. The simulation results indicated the following:

· At the minimum, range expansion with bias which does not require interference mitigation for other control channels such as PBCH and SCH should be supported to enhance HetNet performance. This requires up to about 6dB interference mitigation for PDCCH.

· ICIC for control channels (at least, PDCCH) is necessary to effectively deploy HetNet because the optimum configuration of range expansion and the corresponding requirements of interference mitigation for control channels are dependent on the traffic conditions and the HetNet deployments, which are expected to change from time to time and from location to location.

For further progress in this study, we propose the followings:

· Agree the effectiveness and the need of alternative cell associations to enhance HetNet performance.

· Study interference management for data and control channels under interference scenarios of HetNet deployments with the alternative cell associations (in which range expansion is considered the baseline solution). 
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Annex A
Simulation parameters [6

 REF _Ref257885439 \h 
 \* MERGEFORMAT ] 

Except assumptions are marked with †.

Table A-1   3GPP Case 1 (Macro-cell) system simulation baseline parameters.
	Parameter
	Assumption

	Cellular layout
	Hexagonal grid, 7 cell sites, 3 sectors per site†

	Inter-site distance
	500 m

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Antenna pattern (vertical)

(For 3-sector cell sites with fixed antenna patterns)
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BS antenna height is set to 32 m.

	Combining method in 3D antenna pattern
	
[image: image28.wmf](

)

(

)

(

)

[

]

{

}

m

V

H

A

A

A

A

,

min

,

q

j

q

j

+

-

-

=



	Channel model
	Typical Urban

	Number of BS TX / RX antennas
	2

	Total BS TX power (Ptotal)
	46 dBm

	BS antenna gain after cable loss
	14 dBi

	BS noise figure
	5 dB

	Antenna bore-sight points toward flat side of cell
(for 3-sector sites with fixed antenna patterns)
	


	Minimum distance between UE and cell
	>= 35 m


Table A-2   Heterogeneous system simulation baseline parameters.

	Parameter
	Assumption

	Shadowing
correlation
	Between cells
	0.5

	
	Between sectors
	N/A

	Antenna pattern (horizontal)
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	Distance-dependent path loss from hotzone nodes to UE
	Model 1

	Channel model
	Typical Urban†

	Total BS TX power (Ptotal)
	30 dBm

	Number of BS TX antennas
	2

	Antenna gain + connector loss
	5 dBi

	Minimum distance between hotzone-node and MeNB
	>= 35 m†

	Minimum distance between UE and hotzone-node
	>= 10 m


Table A-3   Other simulation parameters.

	Parameter
	Value

	Duplex method
	FDD

	Carrier frequency / System bandwidth
	2.0 GHz / 10 MHz

	Bandwidth configuration
between macro-cell and hotzone-cell
	Co-channel

	Inter-cell interference modeling
	Explicit modeling

	UE speeds of interest
	3 km/h

	Number of UE RX antennas
	2

	Traffic model
	Full buffer

	Scheduling algorithm
	Proportional fairness 

	Receiver type
	MMSE

	HARQ scheme
	HARQ-IR, up to 3 re-transmission

	Link adaptation
	CQI/PMI/RI reports with 6ms delay, 5ms period,
CQI of all subbands are ideally reported in each feedback period†

	PDCCH reception
	Ideal

	Channel estimation
	Ideal

	Number of symbols for PDCCH
	3

	Link to system mapping
	EESM


Annex B
Other simulation results
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Fig. B-1   Performance results in configuration #4a with 2 hotzone nodes per macro geographical area
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Fig. B-2   Performance results in configuration #4b with 2 hotzone nodes per macro geographical area
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Fig. B-3   Performance results in configuration #4a with 4 hotzone nodes per macro geographical area
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Fig. B-4   Performance results in configuration #4b with 4 hotzone nodes per macro geographical area
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