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1. Introduction
In heterogeneous network (HetNet) deployment study, the second highest priority is given to outdoor hotzone-cell scenario with configurations 1 and 4 described in Table A.2.1.1.2-3 of [1], [2]. In the configuration 4, since some UEs are dropped into a circular cluster and Pico eNodeBs (PeNBs) exist at the center of the cluster, the location of the clusters in macro area is an important factor for the performance. Besides, 3 types of maximum transmission power (24dBm/ 30dBm/ 37dBm) proposed for PeNB also affect the performance [2]. In [3], the fraction of cluster UEs served by PeNB is evaluated in each maximum transmission power of PeNB (
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). The fraction of cluster UEs served by PeNB affects the performance due to the load balance. In addition, the location of the cluster and 
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 influence the interference problem.
In this contribution, we evaluate the performance in different cluster location and 
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, and clarify the issues caused in each situation.

2. Simulation Analysis
For the sake of simplicity, we use the simplified configuration 4 model as described below.
· 1 cluster is dropped into each macro area.
· The cluster is placed on the antenna boresight of macro eNB (MeNB) and is a circular area of 40 meters radius.
· 1 PeNB is placed at the center of each cluster.

· 10 UEs are dropped uniformly into each cluster.

· 10 non-cluster UEs are dropped uniformly into each macro area except cluster area.

We evaluate the performance with the RP (received power) based serving cell selection where UEs are served by a cell with the highest RSRP. Other simulation assumptions and parameters are shown in Annex where Tables 3 and 4 are based on [1] and [4] except assumptions marked with †..

2.1. UL

Table 1 shows the UL performance with the distance between MeNB and PeNB (
[image: image4.wmf]PeNB

MeNB

D

-

) of 75/ 100/ 150/ 200 meters, and CDFs of MeNB’s IoT and PeNB’s IoT are shown in fig.1(a) and fig.1(b) respectively.
The results of macro only deployment show that the throughput decreases as 
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 increases due to large pathloss between MeNB and cluster UE. The inversion of the throughput between 75m and 100m is caused by vertical antenna pattern.
The results of MeNB and PeNB deployment show that throughput gain is achieved by deploying PeNB in most cases and that the throughput increases as 
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 and 
[image: image7.wmf]PeNB

P

max_

 increases due to the effect of offloading MeNB traffic on PeNB and providing smaller pathloss. However, the throughput deterioration is occurred when 
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 is 200 meters. This is because the smaller 
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 and the larger 
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 provide larger PeNB’s IoT as shown in fig.1(b). The more macro UEs (MUEs) with large transmission power exist near PeNB as 
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 get larger and/or 
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 get lower. From the perspective of offloading MeNB traffic on PeNB and of reducing interference to PeNB, coverage expansion of PeNB is effective.
On the other hand, fig.1(a) shows that 
[image: image13.wmf]PeNB

MeNB

D

-

 has little impact to the MeNB’s IoT. In case of small 
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, although a large number of UEs exist with small pathloss to MeNB and large pathloss to PeNB, most of these UEs are served by MeNB because of large received power from MeNB. Meanwhile in case of large 
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, although a large number of Pico UEs exist with large transmission power due to large PeNB coverage, most of these Pico UEs have large pathloss to MeNB. As a result, 
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 has low impact to the MeNB’s IoT.
However, it should be noted that large 
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 causes large MeNB’s IoT due to the large coverage of PeNB especially in case of small 
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. In order to achieve larger throughput gain by offloading MeNB traffic on PeNB more effectively, this interference should be properly managed (e.g. reducing the transmission power of Pico UEs especially with large pathloss to PeNB and/or small pathloss to MeNB).
These results are summarized as follows.
· In case of large 
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, it is favorable to offload MeNB traffic on PeNB by expanding PeNB coverage (e.g. deploying PeNB with large 
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 or alternative serving cell selection) in order to reduce large interference from Macro UEs to PeNB and provide smaller pathloss to UEs.
· In case of small 
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, appropriate interference management to reduce the interference to MeNB is necessary in order to offload MeNB traffic on PeNB more effectively.

· Large 
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 makes throughput gain higher due to offloading MeNB traffic on PeNB and providing smaller pathloss to UEs in most cases.

Table 1. UL performance.
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[dBm]
	Fraction of Pico UE 

[%]
	User throughput [kbps]

	
	
	
	5% worst
	Median
	Average

	75


	Macro only
	0.0 
	201 
	550 
	581 

	
	24
	2.9 
	204 
	568 
	781 

	
	30
	7.0 
	210 
	592 
	893 

	
	37
	17.5 
	212 
	614 
	945 

	100


	Macro only
	0.0 
	212 
	744 
	712 

	
	24
	1.7 
	215 
	746 
	826 

	
	30
	5.4 
	232 
	723 
	949 

	
	37
	13.4 
	231 
	644 
	985 

	150

	Macro only
	0.0 
	214 
	739 
	697 

	
	24
	5.0 
	234 
	759 
	935 

	
	30
	11.0 
	246 
	772 
	1028 

	
	37
	24.1 
	277 
	805 
	1017 

	200


	Macro only
	0.0 
	194 
	573 
	571 

	
	24
	12.1 
	225 
	667 
	895 

	
	30
	23.1 
	255 
	766 
	944 

	
	37
	40.4 
	304 
	891 
	987 
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Fig.1(a) MeNB IoT (UL)                                                 Fig.1(b) PeNB IoT (UL)
2.2. DL
Table 2 shows the DL performance with 
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 of 75/ 100/ 150/ 200 meters. CDFs of Macro UE’s received SINR and Pico UE’s received SINR are shown in fig.2(a) and fig.2(b) respectively, and fig.3 represents a CDF of the normalized number of Pico UEs served by each PeNB.
In case of small 
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, although Macro UE’s received SINR is deteriorated by interference from PeNB especially with large 
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, there is only a small effect of offloading because of large power from MeNB. This causes a small throughput gain by deploying PeNB (in particular, throughput decreases when 
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 is 100 meters). In order to achieve throughput gain, offloading MeNB traffic on PeNB and appropriate interference management are necessary.
On the other hand, in large 
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 condition, significant throughput gain is achieved due to large offloading gain. Moreover, Pico UE’s received SINR is higher than that in small 
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 condition as shown in fig.2(b). This is because the interference from MeNB to Pico UE is small thanks to large pathloss between Pico UE and MeNB.
The results of large 
[image: image33.wmf]PeNB

P

max_

 show higher throughput gain due to offloading and higher Pico UE received SINR in most cases. More throughput gain is favorable if large interference from PeNB to Macro UE is properly managed in case of large 
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.
These results are summarized as follows.

· In case of large 
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, high performance gain due to offloading and higher Pico UE received SINR can be achieved by deploying PeNB.

· In case of small 
[image: image36.wmf]PeNB

MeNB

D

-

, offloading MeNB traffic on PeNB and appropriate interference management are necessary in order to achieve throughput gain.

· Large 
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 makes throughput gain higher due to offloading and higher Pico UE received SINR in most cases, and more performance gain is favorable if large interference from PeNB to Macro UE is properly managed.
Table 2. DL performance.
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[dBm]
	Fraction of Pico UE 

[%]
	User throughput [kbps]

	
	
	
	5% worst
	Median
	Average

	75


	Macro only
	0.0 
	315 
	815 
	966 

	
	24
	2.9 
	321 
	848 
	1171 

	
	30
	7.0 
	328 
	832 
	1333 

	
	37
	17.5 
	337 
	912 
	1429 

	100

	Macro only
	0.0 
	313 
	1251 
	1157 

	
	24
	1.7 
	320 
	1209 
	1281 

	
	30
	5.4 
	324 
	1052 
	1416 

	
	37
	13.4 
	328 
	904 
	1476 

	150


	Macro only
	0.0 
	315 
	1235 
	1142 

	
	24
	5.0 
	336 
	1140 
	1457 

	
	30
	11.0 
	345 
	998 
	1580 

	
	37
	24.1 
	375 
	1076 
	1581 

	200


	Macro only
	0.0 
	307 
	869 
	919 

	
	24
	12.1 
	334 
	891 
	1430 

	
	30
	23.1 
	371 
	1003 
	1531 

	
	37
	40.4 
	452 
	1232 
	1637 
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Fig.2(a) Macro UE received SINR (DL)                              Fig.2(b) Pico UE received SINR (DL)

[image: image42.emf]0

0.2

0.4

0.6

0.8

1

1.2

0 0.2 0.4 0.6 0.8 1

PeNB normalized #serving UE

CDF

24dBm 100m

24dBm 200m

30dBm 100m

30dBm 200m

37dBm 100m

37dBm 200m


Fig.3 Number of UE served by PeNB. (Normalized by the number of UE per Macro area)

3. Conclusion
In this contribution, we analyzed the problem in various distance between MeNB and PeNB and maximum transmission power of PeNB.

In UL, we clarified;

· In case of large 
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, it is favorable to offload MeNB traffic on PeNB by expanding PeNB coverage (e.g. deploying PeNB with large 
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 or alternative serving cell selection) in order to reduce large interference from Macro UEs to PeNB and provide smaller pathloss to UEs.

· In case of small 
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, appropriate interference management to reduce the interference to MeNB is necessary in order to offload MeNB traffic on PeNB more effectively.

· Large 
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 makes throughput gain higher due to offloading MeNB traffic on PeNB and providing smaller pathloss to UEs in most cases.

On the other hand, in DL, we clarified;

· In case of large 
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, high performance gain due to offloading and higher Pico UE received SINR can be achieved by deploying PeNB.

· In case of small 
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, offloading MeNB traffic on PeNB and appropriate interference management are necessary in order to achieve throughput gain.

· Large 
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 makes throughput gain higher due to offloading and higher Pico UE received SINR in most cases, and more performance gain is favorable if large interference from PeNB to Macro UE is properly managed.

In heterogeneous network deployment, transmission power control, interference management and offloading etc. considering the location of PeNB is necessary in order to achieve maximum performance gain.

We propose that the case of small 
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  should also be studied. Throughput gain could be achieved even when such case by offloading with interference management because throughput gain is achieved in case that 
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 is 75 meters in both DL and UL, although performance degrades in case that 
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 is 100 meters. The UE clusters could exist in various locations of Macro area.

In addition, we propose that the case of large 
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 should be also studied because large throughput gain is favorable in most cases.
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Annex
Table 3. 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

	Distance-dependent path loss
	L=128.1 + 37.6log10R, R in km

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration loss
	20 dB

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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[image: image55.wmf]dB

3

j

 = 70 degrees, Am = 25 dB

	Antenna pattern (vertical)

(For 3-sector cell sites with fixed antenna patterns)
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 = 10 degrees, SLAv = 20 dB, 
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 = 15 degrees.

BS antenna height is set to 32 m.

	Combining method in 3D antenna pattern
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	Channel model
	Typical Urban with low correlation

	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 4.  Heterogeneous system simulation baseline parameters.

	Parameter
	Assumption

	Distance-dependent path loss from new nodes to UE
	L=140.7 + 36.7log10R, R in km

	Shadowing standard deviation
	10 dB

	Shadowing
correlation
	Between cells
	0.5

	
	Between sectors
	N/A

	Penetration loss
	20 dB

	Antenna pattern (horizontal)
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 dB (omnidirectional)

	Channel model
	Typical Urban with low correlation†

	Total BS TX power (Ptotal)
	30 dBm

	Number of BS TX / RX antennas
	2

	Antenna gain + connector loss
	5 dBi

	Minimum distance between new node and regular node
	>= 35 m

	Minimum distance between UE and new node
	> 10 m


Table 5.  Other simulation parameters.

	Parameter
	Value

	Duplex method
	FDD

	Carrier frequency / System bandwidth
	2.0 GHz / 10 MHz

	Bandwidth configuration
between macro-cell and new node-cell
	Co-channel

	Inter-cell interference modeling
	Explicit modeling (all cells occupied by UEs)

	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

	Scheduling algorithm
	UL: Round robin with frequency domain multiplexing among UEs served by the cell
DL: Round robin with full bandwidth allocation

	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 every subframe

	PDCCH reception
	Ideal

	Channel estimation
	Ideal

	Number of resource blocks for PUCCH
	6

	Number of symbols for PDCCH
	3

	Link to system mapping
	EESM
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