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1 Introduction

After the RAN1 #61bis meeting and offline e-mail discussion, there are still many issues on the need for range extension (RE) and, if needed, the level of bias value in the Macro-Pico heterogeneous network scenario. In this contribution, a general analysis on RE with different bias values is given. The analysis considers the standardization impacts and presents a performance evaluation of RE in heterogeneous networks. 
2 Standardization Impacts of RE
The standardization impacts related to RE in the Macro-Pico scenario have been analyzed in R1-103417, and are summarized in the table below.
Table 1. Standardization impacts related to RE in Macro-Pico scenario
	Without RE
	RE with low-bias value *
	RE with high-bias value

	DL:

1)  No problem for DL control channel 

2) Reuse Rel8/9 ICIC for DL data channel
	DL:

1) There is severe DL control channel interference, 

2) Rel8/9 ICIC techniques are not fully effective in mitigating interference and enhanced interference managements are needed. 
New methods may require additional standardization effort for downlink.


* A low-bias of RE means, for example, no larger than 6dB (<＝6dB). 
It could be concluded that low-bias RE value does not need additional standardization effort on DL control channel enhancement, while high bias RE value requires the introduction of enhanced Inter-cell Interference Coordination (e-ICIC) solutions.
3 Performance evaluation of downlink data channel
In this section, with the aid of system simulation results, the downlink data channel performances with two different frequency allocation schemes which are co-channel and frequency overlap schemes are evaluated. The frequency allocations of co-channel and frequency overlap schemes are illustrated in the figure below.
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Fig. 1. DL frequency allocation schemes of co-channel (Rel-8/9) and frequency overlap 
Fig.2 shows the downlink cell average and cell edge throughput performance gain over a homogeneous network, and the corresponding simulation assumptions are listed in the table 2 of appendix. This is a typical outdoor Pico scenario and is aligned with table A.2.1.1.2-3 in TR36.814.
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Fig. 2. DL cell average and edge throughput gain over homogeneous network
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Fig. 3. Downlink UE throughput CDF 
It can be observed from Fig.2 and Fig.3 that:
· There are some slight differences in cell average throughputs with different RE bias.

· With the co-channel frequency allocation scheme, 6dB RE bias could optimize the cell edge throughput with a slight cell average performance loss.
· With the frequency overlap allocation scheme, 16dB RE bias could optimize the cell edge throughput with a slight cell average performance loss.

· The frequency overlap allocation scheme can obtain additional gain over the co-channel frequency allocation scheme on cell average throughput.

· RE will improve the macro UE downlink performance within both co-channel and frequency overlap scheme.
4 Performance evaluation of uplink data channel

In this section, the uplink data channel performances with optimized uplink power control parameters are evaluated. Because of the different coupling loss from UE to Macro/LPN, different set of power control parameters for Macro UE and Pico UE should be implemented. The PC parameters in this evaluation are listed in the table 3 of appendix, which also includes other simulation assumptions.

Fig.4 shows the uplink cell average and cell edge throughput performance gain over a homogeneous network.
[image: image6.emf]Cell average throughput

0.00%

100.00%

200.00%

300.00%

400.00%

500.00%

600.00%

700.00%

0 3 6 9 16 25

Range Bias (dB)

Cell average throughput gain

[image: image7.emf]Cell edge throughput

0.00%

50.00%

100.00%

150.00%

200.00%

250.00%

300.00%

0 3 6 9 16 25

Range Bias (dB)

Cell edge throughput gain


Fig. 4. UL cell average and edge throughput gain over homogeneous network
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Fig. 5. Uplink UE throughput CDF
It can be observed from Fig.4 and Fig.5 that:

· There are some slight differences in cell average throughputs with different RE bias.

· With a proper uplink power control parameters in Het-Net, the RE could achieve an additional cell edge user throughput gain over without RE scenarios, and meanwhile there is not any loss on cell average performance.

· RE could also improve the macro UE uplink performance.
5 Observation
In this contribution, RE with different bias values for both downlink and uplink is analyzed to identify the benefits of RE. Based on the given evaluation results and analysis in Macro-Pico scenarios, we suggest that besides the specification impacts of e-ICIC solution, both DL and UL performance should be considered when determining the optimized  bias value, and we observe that:

· There are some slight differences in cell average throughputs with different RE bias.

· The optimized bias value depends on the frequency allocation schemes.
· The frequency overlap allocation scheme can obtain additional gain over the co-channel frequency allocation scheme on DL cell average throughput.

· RE could improve the downlink and uplink performance of macro UE
· With a proper uplink power control parameters in Het-Net, the RE could achieve an additional cell edge user throughput gain over without RE scenarios, and meanwhile there is not any loss on cell average performance.
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Appendix: Simulation assumptions
Table 2. Downlink data simulation assumptions of Macro-Pico scenario

	Parameters
	Assumption

	Scenario
	Case1, 2GHz carrier frequency, 500m ISD, 10MHz BW, speed 3km/h

	Deployment 
	Macro Cell:

46dBm TX power, 19 X 3 homogeneous network, 10MHz bandwidth.

Pico:

30dBm TX power, Omni antenna, 4 Picos per Macro Cell. Mini distance between Pico and Macro is 75m; Mini distance between Picos is 40m
UE:

Configuration 1: 25 UEs per macro cell, randomly and uniformly dropped in Macro area

	Bandwidth (MHz)
	Co-channel: 

Macro 10MHz, Pico 10MHz, the bandwidth overlapped with each other.

Frequency overlap:

Macro 5MHz, Pico 10MHz, the bandwidth partially overlapped with each other.

	Path-loss model
	Model 2 *

	Antenna configuration
	Macro Cell:

2TX, 3-Sector, 14dBi antenna gain
Pico:

2TX, Omni, 5dBi antenna gain

UE:

2RX, Omni, 0dBi antenna gain

	Cell selection
	RSRP based with cell-common RE bias value

	Traffic model
	Full buffer

	Scheduler
	PF


* Referring to the Table A.2.1.1.2-3 in TR36.814.
Table 3. Uplink data simulation assumptions of Macro-Pico scenario

	Parameters
	Assumption

	Scenario
	Case1, 2GHz carrier frequency, 500m ISD, 10MHz BW, speed 3km/h

	Deployment 
	Macro Cell:

46dBm TX power, 19 X 3 homogeneous network, 10MHz bandwidth.

Pico:

30dBm TX power, Omni antenna, 4 Picos per Macro Cell. Mini distance between Pico and Macro is 75m; Mini distance between Picos is 40m
UE:

Configuration 1: 25 UEs per macro cell, randomly and uniformly dropped in Macro area

	Bandwidth (MHz)
	Co-channel: 

Macro 10MHz, Pico 10MHz, the bandwidth overlapped with each other.

	Path-loss model
	Model 2 

	Power control in Het-Net
	Homogeneous:

Macro P0: -59 alpha: 0.6;

0dB RE

Macro P0: -57 alpha:  0.6 ; Pico P0: -79 alpha: 0.9
9dB RE

Macro P0: -64 alpha: 0.7  ; Pico P0: -70  alpha: 0.8
16dB RE

Macro P0:  -71 alpha: 0.8  ; Pico P0: -71 alpha: 0.8

	Antenna configuration
	Macro Cell:

4RX, 3-Sector, 14dBi antenna gain
Pico:

4RX, Omni, 5dBi antenna gain

UE:

1TX, Omni, 0dBi antenna gain

	Cell selection
	RSRP based with cell-common RE bias value

	Traffic model
	Full buffer

	Scheduler
	PF













































































