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Introduction

In RAN1#61bis, Macro-Pico deployment was concluded as follows [1]:

· Macro-Pico deployment- without any range expansion schemes (scenario 1) 

· DL

· No Problem for control channel

· Reuse R8/9 ICIC for data channel

· UL

· Reuse R8/9 power control mechanism for both control and data channel

· Other enhancements are FFS.
On the other hand, there is still no consensus on the effectiveness and the need for range expansion (especially its bias setting larger than 3-6dB). To further progress this study, RAN1 rapidly needs to reach an agreement on whether it is an effective strategy for the Macro-Pico deployment and then decide its framework for standardization if need is identified.

In this contribution, we show potential significant performance gain in both DL and UL due to range expansion with moderate or large bias and why it is needed. In addition, we propose that Macro-Pico scenario with range expansion must be included in the standardization work on solutions for DL control channels in Macro-Femto scenario with making Macro-Femto scenario a priority.
Range Expansion and Interference Mitigation for DL Data Channel
This contribution uses range expansion as referred in [2] as an alternative cell association (note that pathloss based method is also part of range expansion) and frequency resource partitioning with muting as interference management for DL data channel. 
Fig. 1
 shows an interference scenario with these techniques. 

Range expansion is enabled by biasing RSRP received from a Pico eNodeB (PeNB) to allow larger UE offloading from Macro to Pico cells. UL performance is also improved due to smaller pathloss.

Frequency resource partitioning with muting is applied only to Macro PDSCH in order to prevent significant interference from Macro eNodeBs (MeNBs) to Pico UEs that are served by Pico cells due to range expansion. However, the muting reduces the resources available in Macro cells. Therefore, the fraction of frequency resource partitioning needs to be properly managed such that offload benefits from Macro to Pico cells exceed the impact of the available resource reduction in Macro cells.
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Fig. 1   DL interference scenario with range expansion and frequency resource partitioning with muting,
Rx power (solid, dotted->Macro), 1/pathloss (dashed)

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 [3] 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 / #4b with 2 / 4 PeNBs per Macro geographical area, the 5% worst and median user throughput gains, the fractions of throughput over PeNBs and Pico serving UEs, and the CDFs of the number of UEs served by each Pico cell are shown in Fig. 2 - 4, respectively (note that range expansion and interference mitigation are configured within the simulation parameters to maximize sum gain of 5% worst and median user throughputs). Other results are also shown in Annex B. These results show the following:
· RP based cell association provides large DL performance gain only in Macro cell area throughput (also presented in [4]). However, this is achieved by relatively a small number of Pico UEs with extremely high throughput as shown in Fig. 3  and could not be seen in realistic traffic model.

· Range expansion can achieve significant gain in Macro cell area throughput as well as 5% worst and median user throughputs [5] due to further improvement in load balancing between Macro and Pico cells.
· In the case of RP based cell association, 5% worst and median user throughputs of Macro are much lower than those of Pico (please see Annex B) because larger number of UEs are served by Macro cells using less resources compared to each Pico UE as shown in Fig. 3 and 4. So enhancement of the Macro user performance is desired. Range expansion enables improvement in the Macro user throughputs by increasing the offload effect from Macro to Pico cells and leads to the improvement of the 5% worst and median user throughputs.
· From Macro’s point of view, positive point of PeNB deployment is only increase of available resources due to offloading from Macro to Pico cells.
· To achieve large gain in configuration #4b as well as #4a (note that we can consider configuration #4a as pessimistic scenario due to the possibly lower level of network planning of HetNet deployments and/or the variable traffic load at each node) and the deployment with fewer number of PeNBs, range expansion with moderate bias (6-9dB) is at least necessary.

· But it leads to increased control channel outage probability [6].
· Similar gains can be achieved without any DL control channel issues under RP based cell association or range expansion with small bias. However, this would require an additional cost of higher transmission power and/or additional number of PeNBs. Macro de-boosting may also provide similar gains [7] but it changes Macro coverage area and may create coverage dead-zones. Therefore, such solutions are not always preferable from the deployment point of view.

· Due to appropriate interference mitigation of MeNB, range expansion with large bias (above 9dB) can provide further performance gains in some scenarios.

· Large-biased range expansion increases the number of Pico UEs suffering from significant MeNB interference and low received power signals from PeNBs. In addition, they can not use so much resources compared to the case of small-biased one due to the increased fraction of Pico serving UEs. As a result, Pico user throughputs decrease. Therefore interference mitigation from MeNB to Pico UEs is required to provide high throughputs for Pico UEs (at least, similar level to Macro user throughputs) as the bias of range expansion is increased.

· On the other hand, as mentioned in Section 2, 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 high traffic hotspots (i.e. configuration #4b rather than #4a) and/or more PeNBs within Macro geographical area.

· Without moderate-biased range expansion, some PeNBs located near MeNB serve a few or no UEs as shown in Fig. 4 and [8][9]. This means those PeNBs are not fully utilized to increase the user throughputs.
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Fig. 2   DL throughput gain
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Fig. 3   Fractions of throughput over PeNBs and Pico serving UE
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Fig. 4   Number of UEs served by each Pico cell

For UL in configurations #4a / #4b with 2 / 4 PeNBs per Macro geographical area, the gains of the 5% worst and median user throughputs and the Macro cell area throughput are shown in Fig. 5. Other results are also shown in Annex B. These results show the following:

· In UL, it is clear that larger-biased range expansion is more effective to enhance user throughputs due to smaller pathloss.
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Fig. 5   UL throughput gain

From the above observation, we believe at least moderate bias setting (6-9dB) of range expansion is an effective strategy for Macro-Pico deployment and eICIC is required to mitigate DL control channel interference (at least, for PDCCH).
Proposed DL control channel interference mitigation framework

Almost same issues have been already discussed in Macro-Femto scenario and candidate solutions are described in LS on eICIC progress in RAN1 [11]. As mentioned in [10], the Macro-Femto scenario could be viewed as one example that large bias value is applied to MeNB instead of low power nodes.

Therefore, we propose DL control channel interference mitigation framework in Macro-Pico scenario as follows:

· Macro-Pico scenario with range expansion must be included in the standardization work on solutions for DL control channels in Macro-Femto scenario. However, in order to meet Rel-10 schedule, Macro-Femto scenario must be considered as a higher priority than Macro-Pico scenario.

In [12], we proposed that the following factors are coordinated semi-statically (or dynamically) between eNBs:

· Limit of usage ratio in PDCCH region;

· Subframes in which the limit is applied;

· Whether PDSCH transmission is also limited in those subfarmes (i.e. time domain ICIC for PDSCH).

· This is for extremely low limit of usage ratio in PDCCH region for the case of large-biased range expansion.
That is also described as lightly loaded control channel transmission in [11]. Details are discussed in our companion contribution [13].
Conclusion
In this contribution, we showed significant performance gains due to range expansion in both DL and UL. We believe at least moderate bias setting (6-9dB) for range expansion is an effective strategy for Macro-Pico deployment mainly from the following:

· Range expansion can achieve significant gain in Macro cell area throughput as well as 5% worst and median user throughputs due to further improvement in load balancing between Macro and Pico cells.
· To achieve large gain in configuration #4b as well as #4a (note that we can consider configuration #4a as pessimistic scenario) and the deployment with fewer number of PeNBs, range expansion with moderate bias (6-9dB) is at least necessary.
· In UL, it is clear that larger-biased range expansion is more effective to enhance user throughputs due to smaller pathloss.
And we propose the following:

· Macro-Pico scenario with range expansion must be included in the standardization work on solutions for DL control channels in Macro-Femto scenario. However, in order to meet Rel-10 schedule, Macro-Femto scenario must be considered as a higher priority than Macro-Pico scenario.

References
[1] RAN1, “Draft Report of 3GPP TSG RAN WG1 #61bis v0.1.0,” June 2010.
[2] R1-100701, Qualcomm Inc.,
“Importance of serving cell association in HetNets,” Jan. 2010.

[3] 3GPP TR 36.814 (v9.0.0), “Further Advancements for E-UTRA – Physical Layer Aspects,” Mar. 2010.

[4] R1-103713, Texas Instruments, “Views on PDCCH Interference Mitigation for Het-Nets,” June 2010.

[5] R1-101226, NTT DOCOMO, “Performance Evaluations of Heterogeneous Networks,” Feb. 2010.

[6] R1-104183, RAN1, “Final Report of 3GPP TSG RAN WG1 #61 v3.0.0,” May 2010.

[7] R1-103181, Motorola, “On Range Extension in Open-access Heterogeneous Networks,” May 2010.

[8] R1-100477, Kyocera, “Consideration of UE Cluster Position and PeNB TX Power in Heterogeneous Deployment Configuration 4,” Jan. 2010.

[9] R1-101512, Kyocera, “Evaluation for Impact of UE Cluster Position and PeNB TX Power in Outdoor Hotzone Scenario,” Feb. 2010.

[10] R1-104218, Intel Corporation (UK) Ltd, “PDCCH Interference Mitigation framework in LTE-A,” June 2010.
[11] RAN1, “LS on eICIC progress in RAN1,” 2010.
[12] R1-104066, Kyocera, “Potential Performance of Range Expansion and PDCCH Interference Management,” June 2010.
[13] R1-104356, Kyocera, “Evaluation of Lightly Loaded Control Channel Transmission in Macro-Pico Deployment,” Aug. 2010.

Annex A     Simulation parameters [3] 

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
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	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)
	
[image: image13.wmf](

)

0

=

q

A

 dB (omnidirectional)

	Channel model
	Typical Urban†

	Total BS TX power (Ptotal)
	30 dBm

	Number of BS TX / RX antennas
	2

	Antenna gain + connector loss
	5 dBi

	Minimum distance between hotzone-node and MeNB
	>= 75 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

	Distance-dependent path loss
	Model 1

	Inter-cell interference modeling
	Explicit modeling

	UE speeds of interest
	3 km/h

	Number of UE antennas
	TX: 1 / RX : 2

	UE power class
	23 dBm (200 mW)

	UE antenna gain
	0 dBi

	Traffic model
	Full buffer

	Transmission scheme
	Closed-loop spatial multiplexing

	Scheduling algorithm
	Proportional fairness 

	Receiver type
	UL: MMSE in frequency domain, MRC over antennas
DL: MMSE

	UL power control
	Open loop with fractional path loss compensation
(PO=-80dBm, alpha=0.8)

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

	Link adaptation
	UL: SINR estimation with 4ms delay, 5ms SRS period
DL: CQI/PMI/RI reports with 6ms delay, 5ms period,
CQI of all subbands are ideally reported
in each feedback period†

	Control channel reception
	Ideal

	Channel estimation
	Ideal

	Number of RBs for PUCCH
	4

	Number of symbols for PDCCH
	3

	Link to system mapping
	EESM

	Number of simulation drops
	8


Annex B     Other simulation results

†Normalized sum gain is (5% worst + median user throughput gains compared to Macro only performance) / 2.
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           (a) 5% worst user throughput
                       (b) Median user throughput
   (c) Normalized sum gain†
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Fig. B-1   DL performance results in configuration #4a with 2 PeNBs per Macro geographical area
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           (a) 5% worst user throughput
                       (b) Median user throughput
   (c) Normalized sum gain†
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(d) Macro to Pico serving UE                     (e) Macro to Pico serving UE
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Fig. B-2   DL performance results in configuration #4b with 2 PeNBs per Macro geographical area
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           (a) 5% worst user throughput
                       (b) Median user throughput
   (c) Normalized sum gain†
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(d) Macro to Pico serving UE                     (e) Macro to Pico serving UE
      (f) Fraction of serving UE
       5% worst throughput ratio                            median throughput ratio

Fig. B-3   DL performance results in configuration #4a with 4 PeNBs per Macro geographical area

 [image: image32.emf]0RB

6RBs

12RBs

18RBs

24RBs

RP based

3dB bias

6dB bias

9dB bias

12dB bias

16dB bias

0%

40%

80%

120%

160%

5% worst user

throughput gain

(Macro only:

284kbps)

Macro muting

Cell

association

RP based

51%

3dB bias

90% 62%

6dB bias

122% 108% 83%

9dB bias

95% 115% 115% 99%

12dB bias

27% 76% 107% 125% 118%

16dB bias

-44% 23% 69% 104% 129%

0RB 6RBs 12RBs 18RBs 24RBs

 [image: image33.emf]0RB

6RBs

12RBs

18RBs

24RBs

RP based

3dB bias

6dB bias

9dB bias

12dB bias

16dB bias

0%

60%

120%

180%

240%

Median user

throughput gain

(Macro only:

661kbps)

#Macro muting

Cell

association

RP based

131%

3dB bias

163% 155%

6dB bias

176% 175% 174%

9dB bias

185% 193% 196% 195%

12dB bias

177% 194% 212% 219% 221%

16dB bias

141% 164% 201% 222% 237%

0RB 6RBs 12RBs 18RBs 24RBs

 [image: image34.emf]0RB

6RBs

12RBs

18RBs

24RBs

RP based

3dB bias

6dB bias

9dB bias

12dB bias

16dB bias

0%

50%

100%

150%

200%

Normalized

sum gain

Macro muting

Cell

association

RP based

91%

3dB bias

126% 108%

6dB bias

149% 142% 128%

9dB bias

140% 154% 156% 147%

12dB bias

102% 135% 160% 172% 169%

16dB bias

48% 94% 135% 163% 183%

0RB 6RBs 12RBs 18RBs 24RBs

1#REF!01020304050Macrocell areaResourcepartitioningCellselection#REF!1#REF!10RB#REF!02004006008001000Median userthroughputResourcepartitioningCellselection#REF!1#REF!1


           (a) 5% worst user throughput
                       (b) Median user throughput
   (c) Normalized sum gain†
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(d) Macro to Pico serving UE                     (e) Macro to Pico serving UE
      (f) Fraction of serving UE
       5% worst throughput ratio                            median throughput ratio

Fig. B-4   DL performance results in configuration #4b with 4 PeNBs per Macro geographical area
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