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1. Introduction

From RAN1-59bis, the following decisions were taken with regard to system evaluation of outdoor hotzone cell performance:

· A baseline simulation methodology was agreed upon for analyzing outdoor hotzone deployments assuming non-uniform UE density across macrocells (Configuration 4, Table A.2.1.1.2-3, [4]).
· Add the 24 and 37 dBm power classes (where the 37 dBm power class shall be considered for outdoor hotzones only, at least for case 3 and FFS for applying for case 1).
This contribution presents our system-level uplink evaluation results for outdoor hotzone performance for both uniform and non-uniform UE densities across macrocells and different hotzone output power classes, originally proposed in [1].  Specifically, the performance of a heterogeneous network deployment using RSRP (Reference Signal Received Power) based cell-selection (as used in Rel-8 LTE) is compared against alternative cell-selection schemes based on range extension techniques, originally proposed in [3].
2. Cell-Selection Schemes
Considering a heterogeneous network with co-channel outdoor hotzone cells, we evaluate the performance of the following cell-selection schemes:
Scheme A (Rel8-RSRP Selection): In Scheme A, each UE selects its serving cell ID to correspond to the cell from which the average received signal reference power is maximized. That is, 
Serving Cell (Scheme A) = arg maxi RSRPi. 
Here the index i corresponds to the candidate cell index. This cell selection scheme is identical to the existing cell selection scheme used in Rel-8 LTE.

Scheme B (Minimum Path Loss): In Scheme B, each UE selects its serving cell to which it experiences the minimum path loss. This path loss is a function of a) the fixed and variable components of distance-related propagation losses, b) the antenna gains between the UE to each cell, c) the lognormal shadow fading and d) any penetration losses. With Scheme B cell selection, the serving cell is given as

Serving Cell (Scheme B) = arg mini PLi, dB    = arg mini (Ptx,i, dB  - RSRPi, dB).
Note that the minimum path loss based serving cell rule is independent of the transmit power class at each BS. Further, Scheme B potentially results in a user selecting a weaker cell (that is, there can potentially be a non-serving cell providing at a higher RSRP at the UE of interest). 
Scheme C (Biased RSRP Selection): Scheme C biases users in favour of selecting a hotzone cell by adding a cell-selection bias to the RSRP from hotzone cells. Therefore, the UE selects its serving cell according to the rule 
Serving Cell (Scheme C) = arg maxi (RSRPi, dB+ Biasi, dB ).
In the above cell selection rule, the Biasi, dB is chosen to be a positive, non-zero value whenever the candidate cell i corresponds to a outdoor hotzone eNodeB and equals 0 dB otherwise. In this work, the Biasi,dB  corresponding to an outdoor hotzone cell i is chosen as 10 dB.
The rest of this contribution shall refer to Schemes B and C as Range extension based cell selection schemes, while the terms “Scheme A” and Rel-8 RSRP selection will be used interchangeably.


[image: image1.emf]Serving boundary of hotzone cell.

Macro-eNodeB

Hotzone-eNodeB

Cellular UE

Hotzone UE

Macro-eNodeB

Hotzone-eNodeB

Hotzone UEs

RSRP based cell selection

Range extension 

based cell selection

Cell boundary is 

determined by RSRP

Cell boundary is determined 

by a function of RSRP


Figure 1: RSRP versus Range extension based cell-selection.

As shown in Figure 1, the “effective” serving cell boundary – determined by the distance of the farthest served user – associated with range extension schemes is, in general, larger than that of Scheme A.  As a consequence, range extension potentially provides greater offloading of UEs from the macrocell network onto hotzone eNodeBs. Since the offloading results in “smoothening” of users distribution between the macrocell eNodeBs and hotzone eNodeBs, greater scheduling opportunities are available to both existing as well as offloaded cellular users. 
With range extension, a UE shall potentially select a hotzone cell as its serving cell even though that hotzone cell is not necessarily its strongest cell. This potentially implies increased interference over both uplink and downlink directions from hotzone users to cellular users. Prior work by Kyocera [10] has shown increased IoT at the macrocell eNodeBs (caused by uplink hotzone interference) when hotzone transmit powers are large.
a). With a low power hotzone (24 dBm), Scheme A restricts the hotzone cell radius by forcing users to connect to a hotzone only if their path losses are significantly smaller relative to their macrocell eNodeB. As a result, connected hotzone users lower their transmit powers, thereby limiting their interference to neighbouring cells. For example, assuming a macrocell eNodeB’s transmit power equalling 46 dBm – over a 10 MHz bandwidth – the path loss experienced by a connected user to its serving hotzone eNodeB is at least 22 dB lower relative to its path loss to an interfering macrocell eNodeB. 

b). With higher hotzone transmit powers (30 dBm and 37 dBm), range extension forces greater numbers of users to connect with hotzone cells even when the hotzone cell is not their strongest serving cell. Cellular users now experience increased “cross-tier” interference at their serving macrocell eNodeB because of the greater transmit powers employed by hotzone users for overcoming their path losses (since the higher power hotzone transmit powers and their associated biasing factor encourages users with significant path losses to join hotzone cells). 
Example:  Assume cell selection using Scheme C (Biased-RSRP). Further, assume a hotzone cell transmit power class equalling 37 dBm. With a bias value of 10 dB, the average path loss at a hotzone user from its serving cell is potentially 1 dB higher than its path loss to a macrocell eNodeB (transmitting at 46dBm). As a consequence, the SINR for a cellular user can be less than 0 dB due to interference from a high powered hotzone user employing path-loss compensation based power control. In contrast, with Scheme A, the average path loss of a hotzone user from its serving hotzone eNodeB is at least 9 dB smaller than to an interfering eNodeB. 
Consequently, Scheme A cell selection ensures that hotzone users always employ reduced transmit powers compared to cellular users, as long as hotzone cell’s transmit power class is smaller than that of the macrocell eNodeB, as is the case.  The objective of this contribution is to answer the following question:

“Assuming no inter-cell interference coordination and different hotzone deployment configurations and different hotzone output transmit powers, how does the performance of the RSRP cell-selection (Scheme A) compare against range extension cell-selection schemes (Schemes B & C)?”

The following sections describe the system simulation methodology and a brief discussion of numerical results.
3. Simulation methodology

Table 1 shows the numerical values for different simulation parameters. For evaluating the system throughputs for outdoor hotzone configuration 1 [resp. outdoor hotzone configuration 4] and different hotzone base station power classes (24 dBm/30 dBm/37 dBm), the simulations consisted of dropping 25 UEs per cell [resp. 60 UEs per cell]. The system simulations model a cellular system with 7 cell-sites and 3 sectors/cell-site with wrap around enabled. 
Each simulation run consists of 10 drops (for generating random UE and hotzone BS locations) and 200 trials (sub-frames) in each drop. Further details regarding the exact UE dropping methodology for configurations 1 and 4 are described in [2] [4] and in the chairman’s notes for RAN1 #59bis [5]. For fair comparison, the system simulations involving a homogeneous macrocell eNodeB network assume an identical UE distribution as the corresponding het-net simulations.  Simulations involving macro-only deployments assume RSRP cell selection.
All users use uplink power control with full path loss compensation at their serving eNodeB. Round-robin scheduling (non-frequency dependent packet scheduling) of users at their serving eNodeBs is assumed for purposes of evaluation. For reasons of simplicity and limiting computational complexity, this contribution ignores the effect of fast-fading. Instead, the average SINRs for each user – obtained by considering only the path-loss, antenna gains and shadowing fading between each user to its serving eNodeB – are mapped to equivalent TU link level throughput using the so-called TU link level abstraction procedure as described in Tables A.1 and A.2 in [6]. 
Table 1: Simulation parameters and their description
	Parameter
	Numerical Value and Description

	Macrocell
	3GPP case 1, cell radius of 288.7 meters with ISD equalling 500 meters. (Refer to Table A.2.1.1.3 in TR 25.814-710.doc for miscellaneous parameters).

	Carrier Frequency
	2 GHz

	Cellular Layout
	7 cell-sites with 3 sectors per cell-site with wrap around. 

	Channel Model
	No fast fading. The so-called TU link level abstraction model given in Tables A.1 and A.2 in [6] is used for mapping average (long-term) uplink SINRs into corresponding spectral efficiencies.

	Bandwidth
	10 MHz (46 data RBs with 4 RBs for PUCCH).

	Antenna configuration
	1 TX antenna at UE and 2 RX antennas at eNodeB.

	Outdoor hotzone density
	1, 2 and 4 hotzone nodes per cell (sector).

	Hotzone deployment configurations

(as given in Table A.2.1.1.2-3 in [4])
	Uniform UE density per macrocell (Configuration 1) with 25 UEs per sector.

	
	Non-uniform UE density per macrocell (Configuration 4) with 60 UEs per sector.

	Antenna Pattern (outdoor hotzone)
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	Scheduler at each eNodeB
	Round-Robin Scheduler.

	Power control
	Rel-8 power control with full path loss compensation.

	Minimum distance between hotzone node to macrocell eNodeB
	75 meters

	Minimum distance between UE and hotzone node
	10 meters

	Lognormal shadowing standard deviation (dB)
	10 dB

	Path loss model (UE to macrocell eNodeB)
	128.6 + 37.6 log10R, R in km.

	Path loss model (UE to hotzone node)
	140.7 + 36.7 log10R,R in km.

	Minimum distance between hotzone nodes
	40 meters

	Cell Selection
	Scheme A: Rel-8 RSRP

	
	Scheme B: Minimum Path Loss

	
	Scheme C: Biased RSRP wherein the UE adds a decibel Bias equalling 10 dB [resp. 0 dB] when measuring the RSRP from a hotzone eNodeB [resp. macrocell eNodeB].


4. Numerical Results

Table 2: Links provided to sections containing numerical results.

	Hotzone power class
	Cell Loading and Cell Throughputs
	SINR CDF

	
	Configuration  1
	Configuration  4
	Configuration 1
	Configuration 4

	24 dBm
	7.1
	8.1
	9.1
	10.1

	30 dBm
	7.2
	8.2
	9.2
	10.2

	37 dBm
	7.3
	8.3
	9.3
	10.3


Table 2 provides links to numerical results corresponding to each hotzone deployment configuration and the corresponding hotzone output power class. The average network throughputs (in Mbps) in the heterogeneous deployment are reported as the sum of average uplink throughputs of all 525 users [resp. 1260] UEs in hotzone configuration 1 [resp. hotzone configuration 4].

The key results are summarized below:
1) For all hotzone deployment configurations, Schemes B and C provide significantly greater traffic offloading relative to Scheme A, in agreement with intuition. 

2) For all hotzone transmit power classes and deployment configurations, the SINR CDF curves of scheduled macro UEs corresponding to Scheme A (Rel8-RSRP) lie to the right of Schemes B & C. This suggests that Scheme A provides cellular users with better SINRs (and hence cellular throughputs) when compared to range extension schemes. Range extension schemes cause near-far problem resulting in excessive hotzone interference at the macrocell eNodeBs. Such interference is most severe for the 37 dBm hotzone transmit power class.
3) For all hotzone transmit power classes and hotzone configurations, the SINR CDF curves of scheduled hotzone UEs corresponding to Schemes B & C lie to the right of Scheme A. This suggests that hotzone users’ benefit from the increased scheduling opportunities availed from the offloading provided by range extension schemes, resulting in higher hotzone throughput.

4) Throughput gains provided by Rel-8 RSRP (relative to a conventional homogeneous deployment) are well comparable with respect to range-extension based cell-selection. For example, with hotzone configuration 4 with 4 hotzones/cell and a 24 dBm hotzone power class (refer Section 8.1), range extension schemes provide a maximum throughput gain of nearly 243 % relative to a homogenous network. The Rel-8 RSRP scheme provides a competitive 205 % network throughput gain in an identical scenario.

5) With the highest power hotzone deployments (37 dBm), the Rel-8 RSRP based cell selection outperforms range-extension based cell selection schemes in terms of overall average cell throughput for both hotzone configurations 1 and 4.
Our numerical results suggest that Scheme A provides significant throughput gains, which are competitive against range extension schemes, while ensuring higher cellular SINRs at their serving macrocell eNodeBs. Considering the 37 dBm hotzone transmit power class and irrespective of the hotzone deployment configuration, Scheme A shows superior overall network throughput relative to Schemes B & C. 

On balance, our view is that heterogeneous cellular deployments using LTE-Advanced use the existing Rel-8 RSRP based cell selection scheme, on account of its robust performance over different hotzone deployment scenarios/transmit power classes, and significant throughput gains provided by it over homogeneous cellular deployments.
5. Conclusions

This contribution has presented our system-simulation results on the uplink throughputs obtained using various cell-selection schemes proposed for heterogeneous network deployments with LTE-Advanced. 
Our key conclusions are as follows:
· In heterogeneous network deployments with both uniform and non-uniform UE density, both RSRP and range expansion based cell-selection schemes provide significant throughput gains relative to conventional homogeneous cellular deployments.

· Because of the near-far problem created from hotzone user transmissions at the macrocell eNodeB, the uplink  SINRs of scheduled macro UEs after range-extension based cell selection are noticeably worse compared to  RSRP based cell selection.  The SINR degradation is significant when the hotzones employ higher transmit power (30 dBm or higher).

· Although Range-extension based cell-selection schemes provide greater offloading relative to RSRP based cell-selection, range extension schemes do not provide any significant throughput gains – which in some cases are smaller – relative to RSRP cell-selection scheme.
· With the highest power hotzone deployments (37 dBm), RSRP based cell selection outperforms range-extension based cell selection schemes in terms of overall average cell throughput for both hotzone configurations 1 and 4.

· As shown in prior works by Huawei and CATT in [7] and [8] respectively, conventional RSRP cell selection already provides significant DL throughput enhancements. Moreover, range extension schemes significantly deteriorate cell-edge UE performance in the absence of any inter-cell interference coordination.
· As demonstrated in prior work by Samsung [9],  guaranteeing robust performance of range extension schemes (combined with inter-cell cooperative silencing [11]) necessitates synchronized muting between adjacent macrocells and between the macrocell and hotzone cells. In practice, meeting such requirements may be difficult and expensive.
Considering the above reasons, our recommendation is that:
“Heterogeneous networks employing outdoor hotzone cells based on LTE-Advanced should follow existing Rel-8 LTE based RSRP cell selection, on account of its robust performance and substantial gains delivered relative to homogeneous deployments”.

6. References

1. R1-100060, “On scenarios for heterogeneous networks”, Ericsson, ST-Ericsson.
2. R1-100699, “Summary of email discussions on HetNet scenarios and performance metrics”, Qualcomm Inc.

3. R1-100701, “Importance of serving cell association in HetNets”, Qualcomm Inc.

4. TR 36.814-152, “Technical Specification Group Radio Access Network; Further advancements for E-UTRA Physical Layer Aspects”.
5. Draft Report of 3GPP TSG RAN WG1 #59bis (Valencia, Spain, 18th-22nd January, 2010).

6. 3GPP TR 36.942, Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Frequency (RF) system scenarios; (Release 9).
7. R1-100810, “Cell Association Analysis in outdoor hotzone of heterogeneous networks”, Huawei.

8. R1-100607, “Effect of serving cell selection in outdoor hotzone”, CATT.
9. R1-100142, “System performance of heterogeneous networks with range expansion”, Samsung.

10. R1-100477, “Consideration of UE cluster position and PeNB TX power in heterogeneous deployment configuration 4”, Kyocera.

11. R1-094225, “DL performance with hotzone cells”, Qualcomm Inc.

7. Appendix: Numerical Results with Uniform User Density (Configuration 1)
7.1. Hotzone Output Transmit Power Class = 24 dBm
Table 3: Average number (and %) of hotzone zone users for different cell-selection schemes.
	Hotzone nodes per cell
	Scheme A

(Rel-8 RSRP)


	Scheme B

(Minimum Path Loss)
	Scheme C

(Biased RSRP)

	1
	25.5 (4.86 %)
	180.6 (34.4 %)
	70.1 (13.35 %)

	2
	43.7 (8.32 %)
	252.3 (48.06 %)
	109 (20.76 %)

	4
	72.5 (13.81 %)
	319.6 (60.88 %)
	166.4 (31.7 %)


Table 4: Average Network Throughputs in a 10 MHz Hotzone deployment (Configuration 1).
	Evaluation Type

(Configuration 1 : 525 users @ 25 users per cell)
	Average Sum throughput (Mbps)
	Average Macrocell Area Throughput (Mbps)
	% Throughput Improvement over homogeneous network

	Homogeneous Network
	128.73
	6.13
	N/A

	1 Hotzone per cell
	177.23
	8.439
	                37.67

	Scheme A (Rel-8 RSRP)


	
	
	

	Scheme B (Minimum Path Loss)
	194.23
	9.249
	50.88

	Scheme C (Biased RSRP)
	199.96
	9.522
	55.33

	2 Hotzones per cell
	212.40
	10.114
	64.99

	Scheme A (Rel8- RSRP)
	
	
	

	Scheme B (Minimum Path Loss)
	247.54
	11.788
	92.29

	Scheme C (Biased RSRP)
	255.24
	12.154
	98.27

	4 Hotzones per cell
	284.43
	13.544
	120.95

	Scheme A (Rel-8 RSRP)
	
	
	

	Scheme B (Minimum Path Loss)
	376.81
	17.943
	192.71

	Scheme C (Biased RSRP)
	377.74
	17.988
	193.43


Table 5: Average UE Sum Throughputs over all Macrocell eNodeBs and all Hotzone eNodeBs.

	Evaluation Type

(Configuration 1 : 525 users @ 25 users per cell)
	Average Sum throughput (Mbps)
	Average Macrocell eNodeN throughput (Mbps)
	Average Hotzone eNodeB throughput (Mbps)

	1 Hotzone per cell
	177.23
	132.93
	44.30

	Scheme A (Rel-8 RSRP)


	
	
	

	Scheme B (Minimum Path Loss)
	194.23
	101.53
	92.70

	Scheme C (Biased RSRP)
	199.96
	130.25
	69.71

	2 Hotzones per cell
	212.40
	131.01
	81.39

	Scheme A (Rel8- RSRP)
	
	
	

	Scheme B (Minimum Path Loss)
	247.54
	81.36
	166.18

	Scheme C (Biased RSRP)
	255.24
	125.69
	129.55

	4 Hotzones per cell
	284.43
	132.98
	151.45

	Scheme A (Rel-8 RSRP)
	
	
	

	Scheme B (Minimum Path Loss)
	376.81
	69.03
	307.78

	Scheme C (Biased RSRP)
	377.74
	124.58
	253.16


7.2. Hotzone Output Transmit Power Class = 30 dBm
Table 6: Average number (and %) of hotzone zone users for different cell-selection schemes.
	Hotzone nodes per cell
	Scheme A

(Rel-8 RSRP)


	Scheme B

(Minimum Path Loss)
	Scheme C

(Biased RSRP)

	1
	47 (8.95 %)
	180.6 (34.4 %)
	119.00 (22.67 %)

	2
	76.7 (14.61 %)
	252.3 (48.06 %)
	167.1 (31.83 %)

	4
	124.3 (23.68 %)
	319.6 (60.88 %)
	240.6 (45.83 %)


Table 7: Average Network Throughputs in a 10 MHz Hotzone deployment (Configuration 1).
	Evaluation Type

(Configuration 1 : 525 users @ 25 users per cell)
	Average Sum throughput (Mbps)
	Macrocell Area Throughput (Mbps)
	% Throughput Improvement over homogeneous network

	Homogeneous Network
	128.73
	6.13
	N/A

	1 Hotzone per cell
	192.78
	9.18
	49.75

	Scheme A (Rel-8 RSRP)


	
	
	

	Scheme B (Minimum Path Loss)
	194.23
	9.249
	50.88

	Scheme C (Biased RSRP)
	203.13
	9.673
	57.79

	2 Hotzones per cell
	241.56
	11.503
	87.65

	Scheme A (Rel8- RSRP)
	
	
	

	Scheme B (Minimum Path Loss)
	247.54
	11.788
	92.29

	Scheme C (Biased RSRP)
	262.52
	12.501
	103.93

	4 Hotzones per cell
	350.55
	16.693
	172.31

	Scheme A (Rel-8 RSRP)
	
	
	

	Scheme B (Minimum Path Loss)
	376.81
	17.943
	192.71

	Scheme C (Biased RSRP)
	389.92
	18.567
	202.89


Table 8: Average UE Sum Throughputs over all Macrocell eNodeBs and all Hotzone eNodeBs.
	Evaluation Type

(Configuration 1 : 525 users @ 25 users per cell)
	Average Sum throughput (Mbps)
	Average Macrocell eNode throughput (Mbps)
	Average Hotzone eNodeB throughput (Mbps)

	1 Hotzone per cell
	192.78
	132.54
	60.24

	Scheme A (Rel-8 RSRP)


	
	
	

	Scheme B (Minimum Path Loss)
	194.23
	101.53
	92.70

	Scheme C (Biased RSRP)
	203.13
	120.43
	82.69

	2 Hotzones per cell
	241.56
	130.46
	111.10

	Scheme A (Rel8- RSRP)
	
	
	

	Scheme B (Minimum Path Loss)
	247.54
	81.36
	166.18

	Scheme C (Biased RSRP)
	262.52
	110.72
	151.80

	4 Hotzones per cell
	350.55
	131.17
	219.39

	Scheme A (Rel-8 RSRP)
	
	
	

	Scheme B (Minimum Path Loss)
	376.81
	69.03
	307.78

	Scheme C (Biased RSRP)
	389.92
	101.46
	288.46


7.3.  Hotzone Output Transmit Power Class = 37 dBm
Table 9: Average number (and %) of hotzone zone users for different cell-selection schemes.
	Hotzone nodes per cell
	Scheme A

(Rel-8 RSRP)


	Scheme B

(Minimum Path Loss)
	Scheme C

(Biased RSRP)

	1
	93.9 (17.89 %)
	180.6 (34.4 %)
	191.5 (36.48 %)

	2
	135.2 (25.75 %)
	252.3 (48.06 %)
	265.8 (50.63 %)

	4
	201.00 (38.29 %)
	319.6 (60.88 %)
	331.7 (63.18 %)


Table 10: Average Network Throughputs for a 10 MHz Hotzone deployment (Configuration 1).
	Evaluation Type

(Configuration 1 : 525 users @ 25 users per cell)
	Average Sum throughput (Mbps)
	Macrocell Area Throughput (Mbps)
	% Throughput Improvement over homogeneous network

	Homogeneous Network
	128.73
	6.13
	N/A

	1 Hotzone per cell
	202.98
	9.666
	57.67

	Scheme A (Rel-8 RSRP)


	
	
	

	Scheme B (Minimum Path Loss)
	194.23
	9.249
	50.88

	Scheme C (Biased RSRP)
	191.81
	9.134
	49.00

	2 Hotzones per cell
	260.58
	12.409
	102.42

	Scheme A (Rel8- RSRP)
	
	
	

	Scheme B (Minimum Path Loss)
	247.54
	11.788
	92.29

	Scheme C (Biased RSRP)
	245.41
	11.686
	90.64

	4 Hotzones per cell
	388.01
	18.477
	201.41

	Scheme A (Rel-8 RSRP)
	
	
	

	Scheme B (Minimum Path Loss)
	376.81
	17.943
	192.71

	Scheme C (Biased RSRP)
	373.86
	17.803
	190.41


Table 11: Average UE Sum Throughputs over all Macrocell eNodeBs and all Hotzone eNodeBs.
	Evaluation Type

(Configuration 1 : 525 users @ 25 users per cell)
	Average Sum throughput (Mbps)
	Average Macrocell eNode throughput (Mbps)
	Average Hotzone eNodeB throughput (Mbps)

	1 Hotzone per cell
	202.98
	126.28
	76.7

	Scheme A (Rel-8 RSRP)
	
	
	

	Scheme B (Minimum Path Loss)
	194.23
	101.53
	92.7

	Scheme C (Biased RSRP)
	191.81
	97.82
	93.99

	2 Hotzones per cell
	260.58
	119.87
	140.71

	Scheme A (Rel8- RSRP)
	
	
	

	Scheme B (Minimum Path Loss)
	247.54
	81.36
	166.18

	Scheme C (Biased RSRP)
	245.41
	71.88
	168.54

	4 Hotzones per cell
	388.01
	114.44
	273.57

	Scheme A (Rel-8 RSRP)
	
	
	

	Scheme B (Minimum Path Loss)
	376.81
	69.03
	307.78

	Scheme C (Biased RSRP)
	373.86
	65.78
	308.08


8. Appendix: Numerical Results with Non-uniform User Density (Configuration 4)
8.1. Hotzone Output Transmit Power Class = 24 dBm
Table 12: Average number (and %) of hotzone zone users for different cell-selection schemes.
	Hotzone nodes per cell
	Scheme A

(Rel-8 RSRP)


	Scheme B

(Minimum Path Loss)
	Scheme C

(Biased RSRP)

	1
	82.5 (6.55 %)
	482.00 (38.25 %)
	200.2 (15.89 %)

	2
	148.7 (11.8 %)
	662.2 (52.56 %)
	329.6 (26.16 %)

	4
	251.3 (19.94 %)
	837.6 (66.48 %)
	498.9 (39.6 %)


Table 13: Average Network Throughputs for a 10 MHz Hotzone deployment (Configuration 4).
	Evaluation Type

(Configuration 4 : 1260 users @ 60 users per cell)
	Average Sum throughput (Mbps)


	Macrocell Area Throughput (Mbps)
	% Throughput Improvement over homogeneous network

	1 Hotzone Per Cell
	128.81
	6.1337
	N/A

	Homogeneous Network
	
	
	

	Scheme A (Rel8- RSRP)
	190.46
	9.069
	47.86

	Scheme B (Minimum Path Loss)
	193.58
	9.218
	50.29

	Scheme C (Biased RSRP)
	200.52
	9.549
	55.68

	2 Hotzones Per Cell
	129.05
	6.1452
	N/A

	Homogeneous Network
	
	
	

	Scheme A (Rel8-RSRP)
	252.73
	12.035
	95.84

	Scheme B (Minimum Path Loss)
	270.24
	12.869
	109.41

	Scheme C (Biased RSRP)
	277.98
	13.237
	115.41

	4 Hotzones Per Cell
	128.97
	6.1414
	N/A

	Homogeneous Network
	
	
	

	Scheme A (Rel8-RSRP)
	392.86
	18.708
	204.61

	Scheme B (Minimum Path Loss)
	436.47
	20.784
	238.43

	Scheme C (Biased RSRP)
	442.63
	21.078
	243.21


Table 14: Average  UE Sum Throughputs over all Macrocell eNodeBs and all Hotzone eNodeBs.
	Evaluation Type

(Configuration 4 : 1260 users @ 60 users per cell)
	Average Sum throughput (Mbps)
	Average Macrocell eNode throughput (Mbps)
	Average Hotzone eNodeB throughput (Mbps)

	1 Hotzone per cell
	190.46
	130.62
	59.84

	Scheme A (Rel-8 RSRP)
	
	
	

	Scheme B (Minimum Path Loss)
	193.58
	100.35
	93.23

	Scheme C (Biased RSRP)
	200.52
	128.98
	71.54

	2 Hotzones per cell
	252.73
	130.76
	121.97

	Scheme A (Rel8- RSRP)
	
	
	

	Scheme B (Minimum Path Loss)
	270.24
	88.24
	182.00

	Scheme C (Biased RSRP)
	277.98
	127.05
	150.94

	4 Hotzones per cell
	392.86
	133.59
	259.27

	Scheme A (Rel-8 RSRP)
	
	
	

	Scheme B (Minimum Path Loss)
	436.47
	76.02
	360.46

	Scheme C (Biased RSRP)
	442.63
	125.27
	317.36


8.2. Hotzone Output Transmit Power Class = 30 dBm
Table 15: Average number (and %) of hotzone zone users for different cell-selection schemes.
	Hotzone nodes per cell
	Scheme A

(Rel-8 RSRP)


	Scheme B

(Minimum Path Loss)
	Scheme C

(Biased RSRP)

	1
	142.1 (11.28 %)
	482.00 (38.25 %)
	317.4 (25.19 %)

	2
	246.6 (19.57 %)
	662.2 (52.56 %)
	486.5 (38.61 %)

	4
	390.3 (30.98 %)
	837.6 (66.48 %)
	666.3 (52.88 %)


Table 16: Average Network Throughputs for a 10 MHz Hotzone deployment (Configuration 4).
	Evaluation Type

(Configuration 4 : 1260 users @ 60 users per cell)
	Average Sum throughput (Mbps)


	Macrocell Area Throughput (Mbps)
	% Throughput Improvement over homogeneous network

	1 Hotzone Per Cell
	128.81
	6.1337
	N/A

	Homogeneous Network
	
	
	

	Scheme A (Rel8- RSRP)
	198.81
	9.467
	54.35

	Scheme B (Minimum Path Loss)
	193.58
	9.218
	50.29

	Scheme C (Biased RSRP)
	201.74
	9.607
	56.62

	2 Hotzones Per Cell
	129.05
	6.1452
	N/A

	Homogeneous Network
	
	
	

	Scheme A (Rel8-RSRP)
	268.69
	12.795
	108.21

	Scheme B (Minimum Path Loss)
	270.24
	12.869
	109.41

	Scheme C (Biased RSRP)
	279.79
	13.323
	116.81

	4 Hotzones Per Cell
	128.97
	6.1414
	N/A

	Homogeneous Network
	
	
	

	Scheme A (Rel8-RSRP)
	429.21
	20.439
	232.80

	Scheme B (Minimum Path Loss)
	436.47
	20.784
	238.43

	Scheme C (Biased RSRP)
	447.44
	21.306
	246.93


Table 17: Average UE Sum Throughputs over all Macrocell eNodeBs and all Hotzone eNodeBs.
	Evaluation Type

(Configuration 4 : 1260 users @ 60 users per cell)
	Average Sum throughput (Mbps)
	Average Macrocell eNode throughput (Mbps)
	Average Hotzone eNodeB throughput (Mbps)

	1 Hotzone per cell
	198.81
	130.82
	67.99

	Scheme A (Rel-8 RSRP)
	
	
	

	Scheme B (Minimum Path Loss)
	193.58
	100.35
	93.23

	Scheme C (Biased RSRP)
	201.74
	119.95
	81.79

	2 Hotzones per cell
	        268.69
	130.05
	138.64

	Scheme A (Rel8- RSRP)
	
	
	

	Scheme B (Minimum Path Loss)
	270.24
	88.24
	182.00

	Scheme C (Biased RSRP)
	279.79
	112.53
	167.26

	4 Hotzones per cell
	429.21
	131.67
	297.54

	Scheme A (Rel-8 RSRP)
	
	
	

	Scheme B (Minimum Path Loss)
	436.47
	76.02
	360.46

	Scheme C (Biased RSRP)
	447.44
	105.44
	342.00


8.3. Hotzone Output Transmit Power Class = 37 dBm
Table 18: Average number (and %) of hotzone zone users for different cell-selection schemes.
	Hotzone nodes per cell
	Scheme A

(Rel-8 RSRP)


	Scheme B

(Minimum Path Loss)
	Scheme C

(Biased RSRP)

	1
	256.9 (20.39 %)
	482.00 (38.25 %)
	512.9 (40.71 %)

	2
	401.9 (31.9 %)
	662.2 (52.56 %)
	691.2 (54.86 %)

	4
	581.7 (46.17 %)
	837.6 (66.48 %)
	862.7 (68.47 %)


Table 19: Average Network Throughputs for a 10 MHz Hotzone deployment (Configuration 4).
	Evaluation Type

(Configuration 4 : 1260 users @ 60 users per cell)
	Average Sum throughput (Mbps)


	Macrocell Area Throughput (Mbps)
	% Throughput Improvement over homogeneous network

	1 Hotzone Per Cell
	128.81
	6.1337
	N/A

	Homogeneous Network
	
	
	

	Scheme A (Rel8- RSRP)
	202.10
	9.624
	56.90

	Scheme B (Minimum Path Loss)
	193.58
	9.218
	50.29

	Scheme C (Biased RSRP)
	191.88
	9.137
	48.97

	2 Hotzones Per Cell
	129.05
	6.1452
	N/A

	Homogeneous Network
	
	
	

	Scheme A (Rel8-RSRP)
	279.16
	13.294
	116.32

	Scheme B (Minimum Path Loss)
	270.24
	12.869
	109.41

	Scheme C (Biased RSRP)
	268.09
	12.766
	107.74

	4 Hotzones Per Cell
	128.97
	6.1414
	N/A

	Homogeneous Network
	
	
	

	Scheme A (Rel8-RSRP)
	446.74
	21.273
	246.39

	Scheme B (Minimum Path Loss)
	436.47
	20.784
	238.43

	Scheme C (Biased RSRP)
	430.66
	20.507
	233.92


Table 20: Average UE Sum Throughputs over all Macrocell eNodeBs and all Hotzone eNodeBs.
	Evaluation Type

(Configuration 4 : 1260 users @ 60 users per cell)
	Average Sum throughput (Mbps)
	Average Macrocell eNode throughput (Mbps)
	Average Hotzone eNodeB throughput (Mbps)

	1 Hotzone per cell
	202.10
	125.25
	76.85

	Scheme A (Rel-8 RSRP)
	
	
	

	Scheme B (Minimum Path Loss)
	193.58
	100.35
	93.23

	Scheme C (Biased RSRP)
	191.88
	96.49
	95.39

	2 Hotzones per cell
	         279.16
	121.54
	157.63

	Scheme A (Rel8- RSRP)
	
	
	

	Scheme B (Minimum Path Loss)
	270.24
	88.24
	182.00

	Scheme C (Biased RSRP)
	268.09
	83.80
	184.29

	4 Hotzones per cell
	446.74
	117.07
	329.67

	Scheme A (Rel-8 RSRP)
	
	
	

	Scheme B (Minimum Path Loss)
	436.47
	76.02
	360.46

	Scheme C (Biased RSRP)
	430.66
	70.78
	359.87


9. Appendix: SINR CDFs with uniform user density (configuration 1)

9.1. Hotzone Power Class = 24 dBm
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Figure 2: SINR distribution of scheduled hotzone user (hotzone output TX power = 24 dBm).
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Figure 3: SINR distribution of scheduled cellular user (hotzone output TX power = 24 dBm)
9.2. Hotzone Power Class = 30 dBm
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Figure 4: SINR distribution of scheduled hotzone user (hotzone output TX power = 30 dBm).
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Figure 5: SINR distribution of scheduled cellular user (hotzone output TX power = 30 dBm).

9.3. Hotzone Power Class = 37 dBm
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Figure 6: SINR distribution of scheduled hotzone user (hotzone output TX power = 37 dBm).
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Figure 7: SINR of scheduled cellular user (hotzone output TX power = 37 dBm).

10. Appendix: SINR CDFs with non-uniform user density (configuration 4)

10.1. Hotzone output TX power = 24 dBm
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Figure 8: SINR distribution of scheduled hotzone user (hotzone output TX power = 24 dBm).
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Figure 9: SINR distribution of scheduled cellular user (hotzone output transmit power = 24 dBm).
10.2. Hotzone Power Class = 30 dBm
[image: image19.emf]-10 -8 -6 -4 -2 0 2 4 6 8 10

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

SINR of scheduled hotzone user (dB)

Cumulative Distribution Function

Configuration 4, Hotzone Power =30 dBm, 2 Hotzones/Macrocell

 

 

HetNet-PL

HetNet-BiasedRSRP

HetNet-Rel8-RSRP

 [image: image20.emf]-10 -8 -6 -4 -2 0 2 4 6 8 10

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

SINR of scheduled hotzone user (dB)

Cumulative Distribution Function

Configuration 4, Hotzone Power =30 dBm, 4 Hotzones/Macrocell

 

 

HetNet-PL

HetNet-BiasedRSRP

HetNet-Rel8-RSRP


Figure 10: SINR distribution of scheduled hotzone user (hotzone output transmit power = 30 dBm).
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Figure 11: SINR distribution of scheduled cellular user (hotzone output TX power = 30 dBm).

10.3. Hotzone Power Class = 37 dBm
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Figure 12: SINR distribution of scheduled hotzone user (hotzone output TX power = 37 dBm).
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Figure 13: SINR distribution of scheduled cellular user (hotzone output TX power = 37 dBm).
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