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Introduction

In RAN1#62, the following was agreed for Macro-Pico deployment [1]:

· The gains with cell range expansion (CRE) are still FFS in RAN1 and RAN4 will not start working on CRE enablers unless gains are concluded by RAN1
Extensive evaluations had been done so far with full buffer traffic but some contributions [2][3] suggested that evaluations in HetNet should be done with realistic traffic model and showed performance results. The reason to evaluate realistic traffic scenarios is because full buffer traffic causes unfair resource allocation with respect to users.
In this contribution, we evaluate potential DL performance gain due to CRE with FTP traffic model and show moderate biased CRE helps in enhancing the system performance.
Cell Range Expansion and Interference Mitigation for DL Data and Control Channels
CRE 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. 
Fig. 1
 shows an interference scenario. We apply almost blank subframe (ABS) only to Macro in order to prevent significant interference from Macro eNodeBs (MeNBs) to Pico UEs that are served by Pico cells due to CRE. For reliable reception of control channels, we assume Pico cell edge UEs are assigned only to those subframes when Macro transmission is almost blank. However, ABS reduces the resources available in Macro cells. In addition, this puts a restriction on resource assignments for Pico cell edge UEs. Therefore, the fraction of ABS 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 and offer adequate resource assignments to Pico cell edge UEs.
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Fig. 1   DL interference scenario with CRE and ABS,
Rx power (solid, dotted->Macro), 1/pathloss (dashed)
Simulation
The simulation based on the assumptions and parameters in Annex and channel model 1 defined in Table A.2.1.1.2-3 of TR36.814 [4] 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. FTP traffic model 1 with file size of 0.5 Mbytes defined in A.2.1.3.1 of TR36.814 [4] is evaluated. Since simulation run time is little short (25 seconds), UEs with very low throughputs can not finish to download any files during the simulation and their user throughputs are counted as 0 Mbps. ABSs with the fractions of 0:10 (i.e. no ABS and no restriction of resource assignments to Pico cell edge UEs. This case shows the upper bound in performance.) / 2:8 / 5:5 are evaluated.
For DL in configurations #4a / #4b, 2 PeNBs per Macro geographical area with 20 / 30 Mbps offered traffic, the 5% worst and median all user throughputs of all users and Macro / Pico users, the served Macro cell area throughput, the resource utilization, and the fraction of serving UEs are shown in Fig. 2-6, respectively. Definitions of user throughput and served Macro cell area throughput are different from those in full buffer traffic as follows:

· User throughput = amount of data (file size) / time needed to download data
· time needed to download data starts when the packet is received in the transmit buffer, and ends when the last bit of the packet is correctly delivered to the receiver
· Served Macro cell area throughput
· Served macro cell area throughput = total amount of data for all users / total amount of observation time / number of Macro cells
These results show the following:
· Compared to received power (RP) based cell association (i.e. 0dB biased CRE), moderate biased (6-9dB) CRE can achieve significant gain in both 5% worst and median user throughputs due to further improvement in load balancing between Macro and Pico cells, as shown in Fig. 2-5(d) and Fig. 6. With the high offered traffic, the system without CRE can not serve the traffic demand for some UEs.
· In the case of RP based cell association with the high offered traffic, user throughputs of Macro are much lower than those of Pico as shown in Fig. 2-5 (c) because larger number of UEs are served by Macro cells using less available resources compared to each Pico UE. So enhancement of the Macro user performance is desired. CRE 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, PeNB deployment allows an increase of available resources per UE due to offloading from Macro to Pico cells.
· CRE with large bias (above 9dB) provides further median user throughput gain. On the other hand, it deteriorates 5% worst user throughput due to the lower Pico user throughput.
· Large biased CRE 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 and their cell edge throughput becomes lower than that of Macro.
· Applying ABS statically to Macro causes the Macro user throughput loss because Macro UEs need to wait for available subframes even when interference mitigation for neighbour Pico UEs is not needed due to no traffic. In addition, Pico cell edge UEs also have to wait for subframes in which Macro apply ABS. We need to study coordination of ABS further when large biased CRE is applied.
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(c) Macro / Pico user throughput
                                                  (d) Resource utilization

Fig. 2   DL performance in configuration #4a, 2PeNBs with 20Mbps offered traffic
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(c) Macro / Pico user throughput
                                                  (d) Resource utilization

Fig. 3   DL performance in configuration #4a, 2PeNBs with 30Mbps offered traffic
[image: image8.emf]0

5

10

15

20

-4 0 3 6 9 12 16

Bias of CRE [dB]

Macro cell area throughput [Mbps]

w/o ABS ABS (2:8) ABS (5:5)

0.0

1.0

2.0

3.0

4.0

-4 0 4 8 12 16

Bias of CRE [dB]

User throughput [Mbps]

0

5

10

15

20

5% worst (No ABS) 5% worst (ABS 2:8) 5% worst (ABS 5:5)

Median (No ABS) Median (ABS 2:8) Median (ABS 5:5)

5% worst user throughput [Mbps]

Served Macro cell area throughput [Mbps]

Macro Only

Macro

Only

Median user throughput [Mbps]


(a) All user throughput

                 (b) Served Macro cell area throughput 
[image: image9.emf]0

5

10

15

20

0 4 8 12 16

Bias of CRE [dB]

User throughput [Mbps]

0

5

10

15

20

25

30

35

Macro 5% worst (No ABS) Pico 5% worst (No ABS)

Macro 5% worst (ABS 2:8) Pico 5% worst (ABS 2:8)

Macro 5% worst (ABS 5:5) Pico 5% worst (ABS 5:5)

Macro median (No ABS) Pico median (No ABS)

Macro median (ABS 2:8) Pico median (ABS 2:8)

Macro median (ABS 5:5) Pico median (ABS 5:5)

User throughput [Mbps]

5% worst user throughput [Mbps]

Median user throughput [Mbps]

   [image: image10.emf]0.0

0.2

0.4

0.6

0.8

1.0

-4 0 3 6 9 12 16

Bias of CRE [dB]

Macro (No ABS) Pico (No ABS)

Macro (ABS 2:8) Pico (ABS 2:8)

Macro (ABS 5:5) Pico (ABS 5:5)

Resource utilization

Macro Only


(c) Macro / Pico user throughput
                                                  (d) Resource utilization

Fig. 4   DL performance in configuration #4b, 2PeNBs with 20Mbps offered traffic
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(c) Macro / Pico user throughput
                                                  (d) Resource utilization

Fig. 5   DL performance in configuration #4b, 2PeNBs with 30Mbps offered traffic
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(a) configuration #4a, 2PeNBs                               (b) configuration #4b, 2PeNBs

Fig. 6   Fraction of serving UE
Conclusion
In this contribution, we evaluated potential DL performance gain due to CRE with FTP traffic model and showed that moderate biased CRE helps in enhancing system performance. The following was observed:
· Moderate biased (6-9dB) CRE can achieve significant gain in both 5% worst and median user throughputs due to further improvement in load balancing between Macro and Pico cells. With the high offered traffic, the system without CRE can not serve the traffic demand for some UEs.

· CRE with large bias (above 9dB) provides further median user throughput gain. On the other hand, it deteriorates 5% worst user throughput due to the lower Pico user throughput.
· Applying ABS statically to Macro causes the Macro user throughput loss because Macro UEs need to wait for available subframes even when interference mitigation for neighbour Pico UEs is not needed due to no traffic. In addition, Pico cell edge UEs also have to wait for subframes in which Macro apply ABS. We need to study coordination of ABS further when large biased CRE is applied.
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Annex     Simulation parameters [4] 

Except assumptions are marked with †.

Table 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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 = 70 degrees, Am = 25 dB

	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 antennas
	2

	Total BS TX power (Ptotal)
	46 dBm

	BS antenna gain after cable loss
	14 dBi

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


	Minimum distance between UE and MeNB
	>= 35 m


Table 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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 dB (omnidirectional)

	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 PeNB and MeNB
	>= 75 m

	Minimum distance between UE and PeNB
	>= 10 m


Table 3   Other simulation parameters.

	Parameter
	Value

	Duplex method
	FDD

	Carrier frequency / System bandwidth
	2.0 GHz / 10 MHz

	Bandwidth configuration
between Macro cell and Pico 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 RX antennas
	2

	UE antenna gain
	0 dBi

	Traffic model
	FTP traffic model 1 with file size of 0.5Mbytes

	Transmission scheme
	Closed-loop spatial multiplexing

	Scheduling algorithm
	Proportional fairness 

	Receiver type
	MMSE

	HARQ scheme
	HARQ-IR, up to 5 re-transmission

	Link adaptation
	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 symbols for PDCCH
	3

	Link to system mapping
	EESM

	Number of simulation drops
	4
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