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1. Introduction

In heterogeneous network (HetNet) deployment study, the third highest priority is given to indoor hotzone scenario [1]. Channel model was proposed in [2] and after the meeting, it was modified and approved based on the email discussion in [3].
In this contribution, we show initial evaluation results in indoor hotzone scenario. Open issues and performance difference compared to outdoor hotzone scenario are presented. In addition, since two channel models are proposed in [3], we evaluate and compare them.
2. Indoor Hotzone Scenario
The channel model and the hotzone node deployment are shown in Annex A [3]. Since detailed UE placement has not been decided yet for indoor hotzone scenario, in this contribution we reuse configuration 4 UE placement agreed in RAN1#59bis for outdoor hotzone scenario [4]. UEs are dropped as follows:
· The total number of UEs per macro cell geographical area is 30 in the fading scenario;

· Randomly and uniformly drop 2 hotzone buildings shown in Fig. A-1 within each macro cell geographical area;

· Place N hotzone nodes into the hotzone buildings, as shown in Fig. A-1. N is 2 or 4 and in the case of N=2, the hotzone nodes are placed into the same hotzone building which is randomly selected;
· Randomly and uniformly drop 4 UEs within each hotzone building;

· Randomly and uniformly drop the remaining UEs, which are 30–4x2=22 UEs, within each macro cell geographical area (also includes the hotzone buildings).

3. Simulation
We show simulation assumptions and parameters in Annexes A and B [3][5][6], respectively. We evaluate both channel models 1 and 2 defined in Annex A but assume all UEs are located indoor (i.e. in channel model 1, we use “UE to macro BS case (1): UE is inside” and “UE to RRH/Hotzone cases (1): UE is inside a different building as the indoor hotzone and (3): UE is inside the same building as the indoor hotzone”). Traditional RSRP (RP) based serving cell selection where UEs are served by a cell with the highest RSRP and pathloss (PL) based one where UEs are served by a cell with the smallest pathloss are used.
For UL and DL in channel model 1, the user throughputs (5% worst / median / mean) normalized by the macro only performance, the macro cell area throughput normalized by the macro only performance, the fraction of throughput over hotzone nodes, and the macro and hotzone serving UE throughput ratios (5% worst / mean) are shown in Table 1 and 2, respectively (these performance metrics are proposed in [1]). The fraction of hotzone serving UEs and the cumulative distribution functions (CDFs) of geometry below -4.5dB are also shown in Table 1 and 2, respectively. The CDFs of interference over thermal noise (IoT) per resource block (RB) received by macro nodes, hotzone nodes, macro UEs (which are served by macro cells), and hotzone UEs (which are served by hotzone cells) are shown in Fig. 1 and 2, respectively. In addition, the performance results for UL and DL in channel model 2 are shown in Table 3, 4, Fig. 3, and 4, respectively.
Table 1   UL performance in channel model 1
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Table 2   DL performance in channel model 1
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Fig. 1  CDF of Node IoT per RB in channel model 1
  [image: image5.emf]0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 10 20 30 40 50 60 70 80

Macro UE IoT per RB [dB]

CDF

Macro only

RP, 24dBm

RP, 30dBm

PL, 24dBm

PL, 30dBm

4 HotNodes (RP, 24)

4 HotNodes (RP, 30)4 HotNodes (PL, 24)4 HotNodes (PL)

             2 HotNodes

             4 HotNodes

 [image: image6.emf]0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 10 20 30 40 50 60 70 80

Hotzone UE IoT per RB [dB]

CDF

RP, 24dBm

RP, 30dBm

PL, 24dBm

PL, 30dBm

4 HotNodes (RP, 24)

4 HotNodes (RP, 30)4 HotNodes (PL, 24)4 HotNodes (PL)

            2 HotNodes

            4 HotNodes

 
(a) Macro cell


(b) Hotzone cell
Fig. 2   CDF of UE IoT per RB in channel model 1
Table 3   UL performance in channel model 2
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Table 4   DL performance in channel model 2
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Fig. 3  CDF of Node IoT per RB in channel model 2
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Fig. 4   CDF of UE IoT per RB in channel model 2
These results show the followings.

· The hotzone nodes deployed indoor can provide the significant user throughput gain even for cochanel deployment.

· Efficient offload which disperses macro UEs on hotzone cells can be achieved because for the most UEs located in the hotzone buildings, the pathloss for either of the hotzone cells is smaller and results in the higher received power compared to the macro cell. Therefore, the performance improvement due to the offload is greater than that in outdoor hotzone scenario where a signal from a hotzone node penetrates a building in which a UE is located [7][8].
· Since the throughputs of the hotzone UEs, which are served by the hotzone cells, are much higher than those of the macro UEs, the higher the fraction of UEs located in the hotzone buildings, the more significant the gain of 5% worst and median user throughputs could be expected.

· The hotzone nodes with the higher transmission power can not provide considerable performance gain without an appropriate interference management.
· Even in the case where the transmission power of the hotzone node is 24 dBm on RP based serving cell selection, the most UEs located in the hotzone buildings are served by the hotzone cells and those with the higher transmission power do not markedly change the serving cells of the UEs.
· Although they provide the larger received power to the hotzone UEs in DL, it leads to the little improvement of the received quality in the hotzone UEs because the interference among the hotzone cells in the same hotzone building is the dominant component on them as shown in Fig. 2(b) and 4(b).
· For further improvement, studies of ICIC and/or CoMP among hotzone cells in the same hotzone building are needed.
Between channel models 1 and 2, the following performance difference can be seen:

· Channel model 1: Since 40dB penetration loss is applied to the link between a hotzone node and a UE which is inside a different building, PL based serving cell selection provides the only marginal improvement on the offload effect and the large interference issue caused in the additional hotzone UEs degrades the performance.
· Channel model 2: Since only 20dB penetration loss is applied to the link between a hotzone node and a UE which is inside a different building, PL based serving cell selection provides the more significant offload effect and the performance can be improved at least in UL.
Therefore, we would need to decide consistent channel model for further study of HetNet. We think channel model 1 would be reasonable.
4. Conclusion
In this contribution, we presented the initial evaluation results in indoor hotzone scenario. The results show the followings:

· The hotzone nodes deployed indoor can provide the significant user throughput gain even for cochanel deployment because the efficient offload can be achieved due to the small pathloss between a UE and a hotzone node compared to outdoor hotzone scenario.

· The hotzone nodes with the higher transmission power can not provide considerable performance gain without an appropriate interference management mainly because the interference among the hotzone cells in the same hotzone building is the dominant component on the hotzone UEs. For further improvement, studies of ICIC and/or CoMP among hotzone cells in the same hotzone building are needed.
Also, since two channel models proposed in indoor hotzone scenario cause the performance difference when the coverage of the hotzone cells is expanded by alternative serving cell selection (e.g. PL based one), we would need to decide consistent channel model for further study of HetNet. We think channel model 1 would be reasonable.
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Annex A
Assumptions for indoor RRH/Hotzone Evaluations [3]
The indoor hotspot scenario consists of single floor of a building as Figure.2.1.1.5-1 which is same with ITU sketch. The height of the floor is 6 m. The floor contains 16 rooms of 15 m x 15 m and a long hall of 120 m x 20m. Two sites are placed in the middle of the hall at 30m and 90m with respect to the left side of the building.


[image: image13.emf]
Fig. A-1   Sketch of indoor hotspot environment
The following two channel models are for evaluation purpose. Channel model 2 is a simplified channel model which assumes all users are allocated within buildings.
Table A-1   Channel model 1 of indoor RRH/Hotzone

	Cases
	Path Loss (dB)
	Shadowing standard deviation 
	Penetration Loss
	Fast Fading (when fast fading in both frequency and spatial domains is modelled)*

	UE to macro BS
	(1) UE is outside
	PLLOS(R)= 103.4+24.2log10(R) 
PLNLOS(R)= 131.1+42.8log10(R) 
For 2GHz, R in km.

Case 1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)
Case 3: Prob(R)=exp(-(R-0.01)/1.0)

	10dB
	0dB
	ITU UMa 

	
	(2) UE is inside 
	
	
	20dB
	

	UE to RRH/Hotzone
	(1) UE is inside a different building as the indoor hotzone
	PL(dB) =Max(131.1+42.8log10(R), 147.4+43.3log10(R))
For 2GHz, R in km

	10dB
	40dB
	ITU InH (NLOS) 

	
	(2) UE is outside 
	
	
	20dB
	

	
	(3) UE is inside the same building as the indoor hotzone
	PLLOS(R)= 89.5 + 16.9log10(R) 
PLNLOS(R)= 147.4+43.3log10(R)
For 2GHz, R in km
Prob(R)=
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	LOS: 3dB

NLOS: 4dB
	0dB
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* No Fast Fading orTU and fixed correlation matrix can also be used.

Table A-2   Channel model 2 of indoor RRH/Hotzone

	Cases
	Path Loss (dB)
	Shadowing standard deviation 
	Penetration Loss
	Fast Fading (when fast fading in both frequency and spatial domains is modelled)*

	UE to macro BS
	PLLOS(R)= 103.4+24.2log10(R) 
PLNLOS(R)= 131.1+42.8log10(R) 
For 2GHz, R in km.

Case 1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)
Case 3: Prob(R)=exp(-(R-0.01)/1.0)

	10dB
	20dB
	ITU UMa

	UE to RRH/Hotzone
	(1) UE is outside the same building as the indoor hotzone** 
	PL(dB) =Max(131.1+42.8log10(R), 147.4+43.3log10(R))
For 2GHz, R in km

	10dB
	20dB
	ITU InH (NLOS) 

	
	(2) UE is inside the same building as the indoor hotzone 
	PLLOS(R)= 89.5 + 16.9log10(R) 
PLNLOS(R)= 147.4+43.3log10(R)
For 2GHz, R in km
Prob(R)=
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	LOS: 3dB

NLOS: 4dB
	0dB
	ITU InH 


* No Fast Fading orTU and fixed correlation matrix can also be used.

* * For UE is outside the same building as the indoor hotzone, UE are allocated within buildings which either indoor hotzone nodes are deployed or not.
Annex B
Simulation parameters [3][5][6] 
Except assumptions are marked with †.

Table B-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
	0.0†

	
	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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 = 10 degrees, SLAv = 20 dB, 
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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 B-2   Heterogeneous system simulation baseline parameters.

	Parameter
	Assumption

	Shadowing
correlation
	Between cells
	0.0

	
	Between sectors
	N/A

	Antenna pattern (horizontal)
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 dB (omnidirectional)

	Channel model
	Typical Urban with low correlation†

	Total BS TX power (Ptotal)
	24, 30 dBm

	Number of BS TX / RX antennas
	2

	Antenna gain + connector loss
	5 dBi

	Minimum distance between hotzone-node and MeNB
	>= 35 m

	Minimum distance between UE and hotzone-node
	>= 3 m


Table B-3   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

	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 6ms 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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