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1. Introduction
In heterogeneous network 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 position of the clusters in macro area is an important factor for the performance. Besides, maximum transmission power (24dBm/ 30dBm/ 37dBm) agreed for PeNB also affects the performance (note that 37dBm is FFS for case 1) [2]. In [3], the fraction of cluster UEs served by PeNB is evaluated in each maximum transmission power of PeNB (Pmax_PeNB) and different cluster position. The fraction of UEs served by PeNB affects the performance due to the load balance. In addition, the position of the cluster and Pmax_PeNB influence the interference problem. 
In this contribution, we evaluate the performance in different cluster position and Pmax_PeNB with the configuration 4 model, 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. Modification from the model agreed in RAN1 #59bis is indicated by boldface.
· 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.

· 2 UEs are dropped uniformly into each cluster.

· 28 non-cluster UEs are dropped uniformly into each macro area (also include cluster area).

We evaluate the performance with the received power (RP) based serving cell selection where UEs are served by a cell with the highest RSRP and with the pathloss (PL) based serving cell selection where UEs are served by a cell with the smallest PL. 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 (DMeNB-PeNB) 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, and fig.2 represents a CDF of the normalized number of Pico UEs served by each PeNB.
The results of macro only deployment show that the throughput performances in each DMeNB-PeNB cases are almost same because the number of clustered UE is negligibly small.
In RP-based serving cell selection, the results of MeNB and PeNB deployment show that throughput gain is achieved by deploying PeNB with Pmax_PeNB of 24dBm in all cases and that the throughput increases as Pmax_PeNB increases in large DMeNB-PeNB case (i.e. 150 meters and 200 meters) while the throughput decreases as Pmax_PeNB increases in small DMeNB-PeNB case (i.e. 75 meters and 100 meters). It should be noted that “average” throughput always increases as Pmax_PeNB increases because the number of PeNB not serving any UE is reduced and the number of Pico UE with extremely high throughput is augumented by the effect of larger Pmax_PeNB. With small Pmax_PeNB (i.e. 24dBm), since PeNB can serve limited UEs with very small pathloss between PeNB and UE as shown in fig.2, such UEs provide almost no interference to MeNB. This provides very small but steady performance gain. With larger Pmax_PeNB, PeNB can serve UEs with larger pathloss between PeNB and UE, which causes larger MeNB’s IoT due to larger transmission power of such UEs as shown in fig.1(a) and causes smaller PeNB’s IoT due to large pathloss between PeNB and Macro UEs as shown in fig.1(b). Meanwhile, larger DMeNB-PeNB causes smaller MeNB’s IoT due to large pathloss between MeNB and Pico UE and causes larger PeNB’s IoT due to Macro UEs with large transmission power nearby PeNB. In addition, since the number of clustered UE is very small, Macro UE’s performance is dominant and performance gain due to offloading Macro UE traffic on PeNB is very small especially in small DMeNB-PeNB case. Consequenctly, in small DMeNB-PeNB case, larger Pmax_PeNB causes larger deterioration of Macro UE’s performance with little performance gain by deploying PeNB, while in large DMeNB-PeNB case, larger Pmax_PeNB provides more performance gain due to offloading Macro UE traffic on PeNB and due to small pathloss between PeNB and Pico UE by deploying PeNB with less interference to MeNB., It should be noted that in case of large fraction of clustered UE, performance gain due to offloading Macro UE traffic on PeNB can be effectively achieved as we showed in [5].
The results of PL-based serving cell selection show an example of coverage expansion effect of PeNB. Large performance gain is achieved in large DMeNB-PeNB case without particular interference avoidance technique, while performance deterioration is occurred in small DMeNB-PeNB case.
These results lead followings.
· In large DMeNB-PeNB case, it is favorable to offload MeNB traffic on PeNB by expanding PeNB coverage (e.g. deploying PeNB with large Pmax_PeNB or alternative serving cell selection) in order to reduce large interference from Macro UEs to PeNB and provide smaller pathloss to UEs.
· In small DMeNB-PeNB case, it is necessary that Macro UE traffic is effectively offloaded on PeNB in order to achieve more benefit by deploying PeNB, which needs appropriate interference management to reduce the interference to MeNB.

Table 1. UL performance.
	DMeNB-PeNB [m]
	Pmax_PeNB [dBm]
	Fraction of Pico UE [%]
	User throughput [kbps]

	
	
	
	5% worst
	Median
	Average

	75


	Macro only
	0.0 
	106.9 
	303.0 
	348.7 

	
	RP-based
	24
	0.8 
	107.6 
	307.1 
	429.0 

	
	
	30
	2.1 
	106.6 
	306.1 
	502.2 

	
	
	37
	6.4 
	99.8 
	285.5 
	572.6 

	
	PL-based
	25.2 
	83.9 
	299.9 
	479.1 

	100


	Macro only
	0.0 
	106.5 
	320.7 
	358.8 

	
	RP-based
	24
	0.3 
	106.5 
	321.3 
	390.5 

	
	
	30
	1.5 
	106.2 
	315.6 
	467.7 

	
	
	37
	6.4 
	100.9 
	289.4 
	558.2 

	
	PL-based
	27.8 
	88.3 
	322.1 
	476.7 

	150

	Macro only
	0.0 
	106.2 
	320.8 
	354.9 

	
	RP-based
	24
	1.4 
	107.8 
	323.8 
	467.7 

	
	
	30
	3.7 
	107.4 
	322.2 
	548.4 

	
	
	37
	11.0 
	107.7 
	331.6 
	576.9 

	
	PL-based
	35.3 
	116.0 
	411.2 
	506.4 

	200


	Macro only
	0.0 
	108.2 
	304.9 
	347.8 

	
	RP-based
	24
	3.6 
	109.2 
	322.4 
	541.9 

	
	
	30
	7.9 
	112.0 
	343.2 
	602.4 

	
	
	37
	17.6 
	124.5 
	406.8 
	603.1 

	
	PL-based
	40.4 
	156.2 
	495.6 
	567.2 
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Fig.1(a) MeNB IoT (UL)                                                 Fig.1(b) PeNB IoT (UL)
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Fig.2 Number of UE served by PeNB. (Normalized by the number of UE per Macro area)

2.2. DL
Table 2 shows the DL performance with DMeNB-PeNB of 75/ 100/ 150/ 200 meters. CDFs of Macro UE’s received SINR and Pico UE’s received SINR are shown in fig.3(a) and fig.3(b) respectively.
Similarly to the UL case, the results of macro only deployment show that the throughput performances in each DMeNB-PeNB cases are almost same because the number of clustered UE is negligibly small.

In RP-based serving cell selection, the results of MeNB and PeNB deployment show the similar trend to the UL case except that the throughput increases as Pmax_PeNB increases only in case where DMeNB-PeNB is 200 meters. This is because that unlike the UL case, larger DMeNB-PeNB does not provides less interference from PeNB to Macro UEs in DL as shown in fig.3(a). Similarly to the UL case, it should be noted that in case of large fraction of clustered UE, performance gain due to offloading Macro UE traffic on PeNB can be effectively achieved as we showed in [5].

In PL-based serving cell selection, the results of MeNB and PeNB deployment show the terrible deterioration of 5%-tile throughput caused by Pico UE’s received SINR of very low as shown in fig.3(b). On the other hand, median and average throughput are increased by deploying PeNB, which indicates the potential to provide high performance gain with appropriate interference management technique to save the Pico UE of very low received SINR.

In view of these facts, interference management technique in DL is more important than in UL to expand PeNB coverage and to achieve benefit by deploying PeNB.
These results lead followings.

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

· In case of small DMeNB-PeNB, it is necessary that Macro UE traffic is effectively offloaded on PeNB in order to achieve more benefit by deploying PeNB, which needs appropriate interference management to reduce the interference to Pico UE.

· In case of both large and small DMeNB-PeNB, interference management technique in DL is more important than in UL to expand PeNB coverage and to achieve benefit by deploying PeNB.
Table 2. DL performance.

	DMeNB-PeNB [m]
	Pmax_PeNB [dBm]
	Fraction of Pico UE [%]
	User throughput [kbps]

	
	
	
	5% worst
	Median
	Average

	75


	Macro only
	0.0 
	190.6 
	450.9 
	548.7 

	
	RP-based
	24
	0.8 
	191.2 
	453.9 
	613.2 

	
	
	30
	2.1 
	192.0 
	453.4 
	703.1 

	
	
	37
	6.4 
	185.5 
	436.1 
	820.6 

	
	PL-based
	24
	25.2 
	0.0 
	483.6 
	596.8 

	
	
	30
	25.2 
	41.5 
	506.2 
	627.6 

	
	
	37
	25.2 
	186.3 
	544.9 
	679.3 

	100

	Macro only
	0.0 
	190.3 
	469.2 
	568.0 

	
	RP-based
	24
	0.3 
	190.7 
	469.5 
	596.0 

	
	
	30
	1.5 
	191.1 
	463.2 
	671.9 

	
	
	37
	6.4 
	184.8 
	432.4 
	784.8 

	
	PL-based
	24
	27.8 
	0.0 
	478.2 
	592.3 

	
	
	30
	27.8 
	34.6 
	503.2 
	618.6 

	
	
	37
	27.8 
	169.9 
	548.7 
	662.5 

	150


	Macro only
	0.0 
	188.0 
	469.4 
	563.6 

	
	RP-based
	24
	1.4 
	189.2 
	463.7 
	691.9 

	
	
	30
	3.7 
	189.8 
	453.1 
	809.4 

	
	
	37
	11.0 
	188.6 
	452.3 
	870.3 

	
	PL-based
	24
	35.3 
	0.0 
	474.5 
	614.7 

	
	
	30
	35.3 
	27.0 
	507.2 
	653.3 

	
	
	37
	35.3 
	137.0 
	566.5 
	715.3 

	200


	Macro only
	0.0 
	187.9 
	455.4 
	546.6 

	
	RP-based
	24
	3.6 
	191.1 
	463.5 
	801.5 

	
	
	30
	7.9 
	193.5 
	471.1 
	920.2 

	
	
	37
	17.6 
	205.9 
	545.4 
	954.9 

	
	PL-based
	24
	40.4 
	0.0 
	511.6 
	674.9 

	
	
	30
	40.4 
	27.0 
	567.9 
	733.8 

	
	
	37
	40.4 
	126.1 
	634.3 
	825.8 
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Fig.3(a) Macro UE received SINR (DL)                              Fig.3(b) Pico UE received SINR (DL)

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

· In small DMeNB-PeNB case, it is necessary that Macro UE traffic is effectively offloaded on PeNB in order to achieve more benefit by deploying PeNB, which needs appropriate interference management to reduce the interference to MeNB.

On the other hand, in DL, we clarified;

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

· In case of small DMeNB-PeNB, it is necessary that Macro UE traffic is effectively offloaded on PeNB in order to achieve more benefit by deploying PeNB, which needs appropriate interference management to reduce the interference to Pico UE.

· In case of both large and small DMeNB-PeNB, interference management technique in DL is more important than in UL to expand PeNB coverage and to achieve benefit by deploying PeNB.

In heterogeneous network deployment, transmission power control, interference management and offloading etc. considering the position of PeNB is necessary in order to achieve maximum performance gain by deploying PeNB because the UE clusters could exist in various positions of Macro area.
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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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 = 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 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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	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 4ms delay, 5ms period

	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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