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1 Introduction
Heterogeneous deployment network introduces new interference environments in LTE-Advanced. In the meetings before RAN1 59bis, it was mentioned in some contributions [1-3] that conventional Rel 8 cell selection method may not be the best for heterogeneous deployment since fewer users select low power node as serving node. The main reason is the large transmitting power difference between macro and micro nodes. New cell selection scheme named as “Range Expansion” was also discussed in [1-3], aiming at a scheme that more UEs select low power node as the serving cell, which consequently maximizes the cell splitting gains. This paper tries to reproduce the results proposed in [1-3]. Our simulation shows that the ratio of UEs associated with low power nodes is already large even with randomly distributed low power nodes, and the gain introduced by Range Expansion is very much difficult to justify. This conclusion is supported by both model 1 and model 2 performances comparisons and analysis between the new cell selection method and the conventional cell selection method.
2 Conventional cell selection and new cell selection
For LTE Rel8 users, cell selection and cell reselection are fulfilled by comparing RSRP and RSRQ of DL signalling transmitted from neighbouring cells. The cell provide larger RSRP or RSRQ is selected as the serving cell by user. Before turn into performance comparison, brief introduction of conventional cell selection and new cell selection in [1-3] are given as below.

· Conventional cell selection scheme
For conventional cell selection, UE selects a serving cell with the maximum RSRP as 
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· New cell selection scheme
In contribution [2] it was presented that only 6% of UEs are associated with hotzone cells in the case of 10 hotzone cells/macro cells under configuration 1. For configuration 4, close to 30% of UEs choose hotzone cells as severing cells. The limited coverage of hotzones is a result of lower TX power (30 dBm) and antenna height (5 m) compared to macro cells. It was further shown that while there is notable improvement in mean UE throughput, the hotzone deployments lead to only marginal improvement in tail and median UE throughputs.
To further improve the het-net gain deployment gain, contribution [2] proposed to use a new cell association scheme called range expansion (RE), in which a bias value in RSRP is used for cell-reselection to drive more users selecting low power node as serving node. The het-net users select serving cell based on 
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, where bias_i = 0 and 25 dB for macro and hotzone cells respectively. After using new cell selection scheme, almost 65% and 85% users are associated with hotzone cells in the case of 10 hotzone cells / macro cell for configuration 1 and 4 respectively.
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: The offset for cell selection. 0 for macro cell, x (x > 0, in our simulation x=3/6/9/25dB) for low power cell, and it makes more UEs select low power cells as their serving cells.

3 Simulation assumption
In this contribution, section 4 shows the simulation results of conventional cell selection (also denoted as RSRP without RE in tables) and new cell selection schemes with different bias values in outdoor hotzone scenario and observed different results than contributions [1-3] proposed. In the section 5, the effects on interference mitigation (or interference management) related to different frequency allocation (FA) schemes are investigated with the aid of system simulation.

The simulations are fulfilled based on case 1 scenario and include both configuration 1 and one of configuration 4 agreed by RAN1 59bis meeting, which can be summarized as follows:

· Fix the total number of users, Nusers, dropped within each all macro geographical area, where Nusers is 30 in fading scenarios.

· Randomly and uniformly drop the configured number of low power nodes within each macro cell (the same number N for every macro cell, in our simulation, where N may take values from {4, 10}.

· For the fading case, randomly and uniformly drop the Nusers_lpn = 2 within each low power node coverage(within a 40m radius).

· Randomly and uniformly drop the remaining users which is Nusers - Nusers_lpn*N to the entire macro geographical area of the given macro cell (also include low power node coverage).
This simulations are fulfilled based on both model1 and model2 path loss in [4].
Without any explicit indication, following assumptions are used for simulations:

· 15 degree vertical antenna downtilt for macro node;
· 0 degree vertical antenna downtilt for low power node;
More simulation assumptions are showed in appendix B.
4 Simulation results of RE
In this contribution, only the downlink performance comparison results between conventional cell selection scheme and new cell selection are shown. Please refer to [5] for het-net deployment gain.
4.1 Model1

4.1.1 Pico Performances in Configuration1
Simulation results of the macro + outdoor Pico in configuration1 for FDD 10MHz with 2X2 antenna configuration are presented in Table 1 and Table 2 for downlink in Case1. More analysis results like the CDF of throughput and geometry are presented in Appendix A.
Table 1 The performances of 4 pico in configuration1

	
	DL, 4 pico/macro, configuration1

	
	RSRP without RE
	with 3dB bias
	with 6dB bias
	with 9dB bias
	with 25dB bias

	cell spectral efficiency gain compare to conventional RSRP cell selection
	N/A
	1.65%
	0.32%
	-3.38%
	-8.45%

	cell edge spectral efficiency gain compare to conventional RSRP cell selection 
	N/A
	14.85%
	35.25%
	31.73%
	-100%

	Ratio of UE served by pico
	16.38%
	22.86%
	31.56%
	41.65%
	85.71%

	Ratio of edge UE

served by pico
	0.0%
	0.0%
	15.38%
	79.49%
	100%


Table 2 The performances of 10 pico in configuration1
	
	DL, 10 pico/macro, configuration1

	
	RSRP without RE
	with 3dB bias
	with 6dB bias
	with 9dB bias
	with 25dB bias

	cell spectral efficiency gain compare to conventional RSRP cell selection
	N/A
	0.75%
	0.06%
	1.14%
	-5.91%

	cell edge spectral efficiency gain compare to conventional RSRP cell selection 
	N/A
	36.74%
	70.89%
	61.92%
	-100%

	Ratio of UE served by pico
	36.19%
	46.16%
	55.62%
	66.86%
	94.92%

	Ratio of edge UE

served by pico
	0.0%
	5.13%
	33.33%
	85.90%
	100%


Observations:

1. It is shown by Table 1 and 2 that about 16.38% and 36.19% UEs are naturally associated with low power nodes through using the conventional cell selection scheme under 4 pico/macro and 10 pico/macro assumptions in model1 respectively.

2. Figure 1 in appendix A shows that more and more users select low power node as serving cell through adopting the new cell selection scheme.

3. Table 1, 2 and Figure A3: through adopting the new cell selection scheme, as the bias value given to low power node increases from 3dB to 25dB, the cell spectral efficiency of whole macro zone only has minor improvement or even degradation comparing to conventional cell selection scheme, meanwhile the cell edge spectral efficiency of whole macro zone firstly increase but end in large degradation.
4. Figure A4 and A5 in appendix A: as the bias value increases, the pico users geometry decrease due to the later joined users suffering from more serious interference form macro node than priorer, and meanwhile macro users get better geometry by offloading the bad geometry users.

5. Figure A6 and A7: as the bias value increases, more and more users has worse geometry to macro node select low power node as serving cell, improvement can be observed on both cell average and cell edge throughput of macro cell. However for the low power node cell, both cell average and cell edge throughput decrease, because increase of bad geometry users and large total user number respectively.

6. Based on Table 1, 2 and Figure A6, A7, it can be found that if small bias value is applied the low power node users assume the majority of cell average throughput. The cell average throughput of whole macro zone decreases and the low power node cell throughput decreases. However the cell edge user mainly coming from macro coverage, the cell edge throughput of whole macro zone increase along with the macro cell edge throughput increases.

7. When the bias value continues to increase, degradation of cell edge throughput of whole macro zone is observed since now most cell edge UE created by low geometry low power node users.
Since relay scenario use same pathloss model with hotzone scenario, the conclusion also works for relay scenario.
4.1.2 Pico Performances in Configuration4
It is shown in Table 3 and Table 4 that about 25.66% and 47.94% UEs are naturally associated with low power nodes through using the conventional cell selection scheme under 4 pico/macro and 10 pico/macro assumptions respectively. Almost the same observation as configuration1, the low power node user get proportional increase as the bias value increase, thus the cell average throughput decreases and the cell edge throughput gain reaches the maximum when the bias is 6dB and become smaller even degradation with larger bias value.
Table 3 The performance of 4 pico in configuration4
	
	DL, 4 pico/macro, configuration4

	
	RSRP without RE
	with 3dB bias
	with 6dB bias
	with 9dB bias
	with 25dB bias

	cell spectral efficiency gain compare to conventional RSRP cell selection
	N/A
	-3.42%
	-6.00%
	-9.75%
	-15.96%

	cell edge spectral efficiency gain compare to conventional RSRP cell selection 
	N/A
	24.11%
	48.99%
	25.51%
	-100%

	Ratio of UE served by pico
	25.66%
	33.65%
	41.85%
	50.42%
	88.41%

	Ratio of edge UE

served by pico
	0.0%
	1.06%
	20.21%
	80.85%
	100%


Table 4 The performance of 10 pico in configuration4
	
	DL, 10 pico/macro, configuration4

	
	RSRP without RE
	with 3dB bias
	with 6dB bias
	with 9dB bias
	with 25dB bias

	cell spectral efficiency gain compare to conventional RSRP cell selection
	N/A
	-0.24%
	-2.16%
	-3.82%
	-10.18%

	cell edge spectral efficiency gain compare to conventional RSRP cell selection 
	N/A
	37.57%
	73.57%
	60.72%
	-91.11%

	Ratio of UE served by pico
	47.94%
	56.46%
	66.56%
	74.39%
	95.77%

	Ratio of edge UE

served by pico
	0.0
	4.26%
	38.30%
	92.55%
	100%


4.2 Model2

4.2.1 Pico Performances in Configuration1

Table 5 The performances of 4 pico in configuration1

	
	DL, 4 pico/macro, configuration1

	
	RSRP without RE
	with 3dB bias
	with 6dB bias
	with 9dB bias
	with 25dB bias

	cell spectral efficiency gain compare to conventional RSRP cell selection
	N/A
	 -2.90%
	 -6.20%
	 -8.32%
	 -12.39%

	cell edge spectral efficiency gain compare to conventional RSRP cell selection 
	N/A
	 19.00%
	26.66%
	 19.82%
	 -100%

	Ratio of UE served by pico
	41.59%
	47.81%
	54.22%
	59.81%
	85.40%

	Ratio of edge UE

served by pico
	0.0%
	3.85%
	33.33%
	57.69%
	100%


Table 6 The performances of 10 pico in configuration1
	
	DL, 10 pico/macro, configuration1

	
	RSRP without RE
	with 3dB bias
	with 6dB bias
	with 9dB bias
	with 25dB bias

	cell spectral efficiency gain compare to conventional RSRP cell selection
	N/A
	-0.35%
	-0.82%
	-2.23%
	-4.87%

	cell edge spectral efficiency gain compare to conventional RSRP cell selection 
	N/A
	28.26%
	29.40%
	10.45%
	-66.45%

	Ratio of UE served by pico
	67.75%
	74.16%
	80.44%
	85.71%
	95.62%

	Ratio of edge UE

served by pico
	1.28%
	37.185
	78.21%
	97.44%
	100%


Observations:

1. It is shown by Table 5 and 6 that more than 40% and 65% UEs are naturally associated with low power nodes through using the conventional cell selection scheme under 4 pico/macro and 10 pico/macro assumptions respectively.

2. Table 5, 6 and Figure A20, A21: same with model 1 results, through adopting the new cell selection scheme, as the bias value given to low power node increases from 3dB to 25dB, the cell spectral efficiency of whole macro zone decrease comparing to conventional cell selection scheme, meanwhile the cell edge spectral efficiency of whole macro zone firstly increase but end in large degradation.

4.2.2 Pico Performances in Configuration4

It is shown in Table 7 and Table 8 that about 49.68% and 71.48% UEs are naturally associated with low power nodes through using the conventional cell selection scheme under 4 pico/macro and 10 pico/macro assumptions respectively. Almost the same observation as configuration1, the low power node user get proportional increase as the bias value increase, thus the cell average throughput decreases and the cell edge throughput gain reaches the maximum when the bias is 6dB and become smaller even degradation with larger bias value.
Table 7 The performance of 4 pico in configuration4
	
	DL, 4 pico/macro, configuration4

	
	RSRP without RE
	with 3dB bias
	with 6dB bias
	with 9dB bias
	with 25dB bias

	cell spectral efficiency gain compare to conventional RSRP cell selection
	N/A
	-1.46%
	-4.14%
	-6.67%
	-11.42%

	cell edge spectral efficiency gain compare to conventional RSRP cell selection 
	N/A
	15.66%
	29.31%
	18.77%
	-99.35%

	Ratio of UE served by pico
	49.68%
	56.14%
	62.22%
	67.57%
	88.78%

	Ratio of edge UE

served by pico
	0.0%
	7.45%
	30.85%
	68.09%
	100%


Table 8 The performance of 10 pico in configuration4
	
	DL, 10 pico/macro, configuration4

	
	RSRP without RE
	with 3dB bias
	with 6dB bias
	with 9dB bias
	with 25dB bias

	cell spectral efficiency gain compare to conventional RSRP cell selection
	N/A
	-0.66%
	-1.77%
	-3.34%
	-5.65%

	cell edge spectral efficiency gain compare to conventional RSRP cell selection 
	N/A
	28.32%
	41.15%
	16.79%
	-51.87%

	Ratio of UE served by pico
	71.48%
	77.35%
	82.65%
	87.83%
	96.56%

	Ratio of edge UE

served by pico
	4.26%
	29.79%
	87.23%
	97.87%
	100%


5 Simulation results related to different frequency allocation schemes
In this section, the effects on interference mitigation related to different frequency allocation (FA) schemes are investigated with the aid of system simulation. To compare with the simulation results as provided in [6], the following three kinds of frequency allocation schemes are simulated:

·  “Reuse-1” – macro nodes as well as pico nodes can use the entire frequency band.  

·  “Non-overlap FA” –macro nodes are assigned to a half of the entire frequency band, and the pico nodes use the other half.

·  “Overlap FA” – macro nodes are assigned to a half of the entire frequency band, but the pico nodes can use the entire frequency band.

Additionally, the effects of range expansion (RE) associated with those three frequency allocation schemes are also surveyed. The biases related to range expansion are configured as 0dB and 25dB for macro nodes and pico nodes respectively. 

·  “RE” – Range expansion with 0dB and 25dB biases for macro nodes and pico nodes respectively.
Figure 1 gives the user throughout distributions related to different frequency allocation schemes associated with/without range expansion. The simulation is fulfilled based on configuration 1 and model 2, each macro cell is equipped with 4 pico nodes.
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Fig 1: The user throughout distributions related to different FA schemes associated with/without RE
5.1 Observation of cases without RE

As seen from the solid curves in the figure 1, non-overlap FA will nearly suffer from the worst throughput distribution either in the lower SINR region or in the higher SINR region. At first sight, non-overlap FA avoids interference between macro node and pico node due to the orthogonal frequency resource allocation. In fact, for macro UEs as well as pico UEs, the throughput loss due to using the halved frequency resource will overwhelm the throughput improvement due to the exempt interference from interfering nodes comparing to reuse frequency allocation method.   
For overlap FA, nearly 41.59% UEs associated with the pico nodes, pico UEs can obtain the remarkable throughput improvement at high SINR region considering the larger frequency resource and interference-free half of frequency band. Since most users with lower throughput come from macro cell, overlap FA method does not help the cell edge throughput improvement.     

For “reuse 1” FA, based on the above analysis, it is reasonable that the “reuse 1” FA scheme shows the best throughput distribution in the lower SINR region. But, due to the pico UEs suffer from strong interference of macro nodes, the “reuse 1” FA shows the decreased throughput distribution compared to that of overlap FA in the high SINR region. 

5.2 Observation of cases with RE
As seen from the dash curves in the figure 1, the “reuse 1” FA scheme with RE shows the worst throughput distribution in the lower SINR region. The reason is with 25 dB bias, those UEs have lower geometry to macro node will more likely to be associated with the pico nodes, on the other hand, this UE will experience high interference for macro node and compete for frequency resource with more UEs. Meanwhile, in the case of the “reuse 1” FA scheme with RE, since remaining macro user mostly have high geometry to macro node thus high throughput is observed at the higher SINR region comparing to non-overlap and overlap FA with RE.
For non-overlap and overlap FA with RE, compared to the “reuse 1” FA with RE, although some of UEs served by pico node will experience lower reception power from pico node, it will be fully or partially exempted from the interference of macro nodes. Consequently, the UE throughput distribution in the lower SINR region related to non-overlap and overlap FA will outperform that of the “reuse 1” FA scheme with RE. 

5.3 Section conclusion
For the non-overlap and overlap FA with RE, compared to “reuse 1” without RE, more UEs will be served by the pico node and more pico UEs will experience lower reception power and compete for limited frequency resource, thus the non-overlap and overlap FA with RE shows the deteriorated throughput distribution compared to that of “reuse 1” FA without RE in the lower SINR region. 
· That is, the “reuse 1” FA without RE shows the best UE throughput distribution in the lower SINR region.
For the overlap FA without RE, as above mentioned, pico UEs will share the entire frequency band, as well as a half of the entire frequency band for pico UEs will be exempted from the interference of macro nodes. 
· Hence, the overlap FA without RE shows the best UE throughput distribution in the higher SINR region.
· And the overlap FA with RE shows best mean UE throughput.
6 Conclusions

This contribution compares the performances of heterogeneous outdoor hotzone deployment scenario by employing the existing Rel-8 cell association method and the new cell selection method proposed in [1-3] on both channel model 1 and model 2. The different frequency allocation methods between macro and low power node are also simulated to show the performance difference. From the enclosed simulation results, we conclude the contribution as follows:

1. Based on the simulation results of model 2, rel-8 cell selection scheme based on RSRP and RSRQ measurement already introduces more than 40% low power node users ratio as well as significant gains on both DL cell average and cell edge throughputs [5].

2. Comparing to conventional RSRP cell association method, downlink cell edge throughput enhancement is obtained by applying different RSRP bias without any ICIC scheme, meanwhile negligible DL cell average throughput gain can be observed through using channel model 1, however the degradation is observed by using channel model 2. Irrespective to channel models, the low power node cell throughput is always reduced. This deviates a lot from the objectives of pico cell deployment which is mainly for average capacity enhancement for hotzone areas.

3. Through simulating different frequency allocation methods between macro and low power node with/without range expansion, the “reuse 1” Frequency Allocation (FA) without Range Expansion (RE) shows the best UE throughput distribution in the lower SINR region and the overlap FA without RE shows the best UE throughput distribution in the higher SINR region. For mean UE throughput, the overlap FA with RE shows best performance.
Appendix A: Simulation results Details
1 Model1
1.1
4 pico/macro cell:
1.1.1
UE number ratio in Pico
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a) Configuration1



                    b) Configuration4
Fig. A1 UE number ratio in Pico
1.1.2
Total UE Geometry
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a) Configuration1



                    b) Configuration4
Fig. A2 Total UE Geometry
1.1.3 Total UE throughput CDF
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a) Configuration1



                    b) Configuration4
Fig. A3 CDF of total UE throughput
1.1.4
UE Geometry in pico and macro
1.1.4.1
bias = 6 dB
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a) Configuration1



                    b) Configuration4
Fig. A4 UE Geometry in pico and macro (bias = 6 dB)
1.1.4.2
bias = 25 dB
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a) Configuration1



                    b) Configuration4
Fig. A5 UE Geometry in pico and macro (bias = 25 dB)
1.1.5
UE throughput in pico and macro
1.1.5.1
bias = 6 dB

[image: image15.png]10, 111.64. 12 - EESHE
CDF of UE Throughput {4 pico/cell Model1 Configuration1)
1 T T 7 — T
09
macro without RE
08k A pico without RE ||
macro with 6dB.
pico with 6dB
07 :
0B
£
§os
2
3
& gab
03
02
(KNS
10’ 10’
UE throughput -
< >

44 [E 1358k 2@ 230 FEED O

W j TR ED o5 Yy )3 1 5 Windons. oErr  (QOMBQYN mis




 [image: image16.png]<J10.111.64.12 - BEAE

09

08

07

06

Probability

03

02

01

CDF of UE Throughput {4 pico/cell Model1 Configuration4)
T T T T T i

macro without RE
pico without RE
macro with 6dB
pico with 6dB.

<

UE throughput

5/5

2B 2 5Bk

17 23

=EED)

€]

sm
i) o T ERT O . | @ e | B

= tindors

DznEr  JQONBQYM s





a) Configuration1



                    b) Configuration4
Fig.A6 CDF of UE throughputs in pico and macro
1.1.5.2
bias = 25 dB
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a) Configuration1



                    b) Configuration4
Fig.A7 CDF of UE throughputs in pico and macro
1.2
10 pico/macro cell:
1.2.1
UE number ratio in Pico
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a) Configuration1



                    b) Configuration4
Fig. A8 UE number ratio in Pico
1.2.2
Total UE Geometry
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a) Configuration1



                    b) Configuration4
Fig. A9 Total UE Geometry
1.2.3 Total UE throughput CDF
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a) Configuration1



                    b) Configuration4
Fig. A10 CDF of total UE throughput
1.2.4
UE Geometry in pico and macro
1.2.4.1
bias = 6 dB
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a) Configuration1



                    b) Configuration4
Fig. A11 UE Geometry in pico and macro (bias = 6 dB)

1.2.4.2
bias = 25 dB
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a) Configuration1



                    b) Configuration4
Fig. A12 UE Geometry in pico and macro (bias = 25 dB)
1.2.5
UE throughput in pico and macro
1.2.5.1
bias = 6 dB

[image: image29.png]<J10.111.64.12 - BEAE

<

Probability

03t

02t

01k

macro without RE
pico without RE
macro with 6dB
pico with 6dB.

10’
UE throughput

Wa@n”

iy

13

Wi E 1358k 2@ 230

I 7 L =R

O £ 1. @ qutonew. [CiE-=RY

Btintors.. | 0585 |QOBROH D 10




 [image: image30.png]<J10.111.64.12 - BEAE

CDF of UE Throughput {10 pico/cell Model1 Configuration4)
T T T - T

08
macro without RE
08 o pico without RE
; macro with 6B

0 pico with 6dB
06

g

ﬁ 0s

F

3

[

03

02

01

UE throughput

<

2T 1B iz fuE 2 sEK 17 23 FEED O

W;@g»_em«z @ wioner. | B3t 1 Btintors.. | 0585 |QOBROH D 10





a) Configuration1



                    b) Configuration4
Fig.A13 CDF of UE throughputs in pico and macro
1.2.5.2
bias = 25 dB

[image: image31.png]10, 111.64. 12 - EESHE
CDF of UE Throughput {10 pico/cell Model1 Configuration1)
1 T T T
09
macro without RE
08 pico without RE
macro with 25dB
07 pico with 25dB
0B
£
§os
2
3
& gab
03
02
(RS
0 g 0 * B )
10 10 10 10 10
UE throughput
< >
2% 1P 1212 [uE DB5Ek 2 27 FEEE 0d

W PO B o % Yy )3 1 5 Windons. Omarr  |(QOMRQY D w2




 [image: image32.png]<J10.111.64.12 - BEAE

k] 129.19.200. 68 -8 x

CDF of UE Throughput {10 pico/cell Model1 Configuration4)
T — T T T

09 macro without RE

pico without RE
macro with 2508

08 pico with 25dB
07
06

z2

ﬁ 0s

]

3

[

03

02

01

10 10’ 10’ 10 10’
UE throughput

<

3T 1B 13/ fuE 4Bk 3 33l FEED Ox

ma@m»-em @k | B | Brna. | 05k [ QPPDTAORROED 1w





a) Configuration1



                    b) Configuration4
Fig.A14 CDF of UE throughputs in pico and macro
2 Model2
2.1
4 pico/macro cell:
2.1.1
UE number ratio in Pico
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a) Configuration1



                    b) Configuration4
Fig. A15 UE number ratio in Pico
2.1.2
Total UE Geometry
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a) Configuration1



                    b) Configuration4
Fig. A16 Total UE Geometry
2.1.3 Total UE throughput CDF
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a) Configuration1



                    b) Configuration4
Fig. A17 CDF of total UE throughput
2.1.4
UE Geometry in pico and macro
2.1.4.1
bias = 6 dB
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a) Configuration1



                    b) Configuration4
Fig. A18 UE Geometry in pico and macro (bias = 6 dB)

2.1.4.2
bias = 25 dB
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a) Configuration1



                    b) Configuration4
Fig. A19 UE Geometry in pico and macro (bias = 25 dB)
2.1.5
UE throughput in pico and macro

2.1.5.1
bias = 6 dB
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a) Configuration1



                    b) Configuration4
Fig.A20 CDF of UE throughputs in pico and macro
2.1.5.2
bias = 25 dB
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a) Configuration1



                    b) Configuration4
Fig.A21 CDF of UE throughputs in pico and macro
2.2
10 pico/macro cell:
2.2.1
UE number ratio in Pico
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a) Configuration1



                    b) Configuration4
Fig. A22 UE number ratio in Pico
2.2.2
Total UE Geometry
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a) Configuration1



                    b) Configuration4
Fig. A23 Total UE Geometry
2.2.3 Total UE throughput CDF
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a) Configuration1



                    b) Configuration4
Fig. A24 CDF of total UE throughput
2.2.4
UE Geometry in pico and macro
2.2.4.1
bias = 6 dB
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a) Configuration1



                    b) Configuration4
Fig. A25 UE Geometry in pico and macro (bias = 6 dB)

2.2.4.2
bias = 25 dB
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a) Configuration1



                    b) Configuration4
Fig. A26 UE Geometry in pico and macro (bias = 25 dB)
2.2.5
UE throughput in pico and macro

2.2.5.1
bias = 6 dB
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a) Configuration1



                    b) Configuration4
Fig.A27 CDF of UE throughputs in pico and macro
2.2.5.2
bias = 25 dB
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a) Configuration1



                    b) Configuration4
Fig.A28 CDF of UE throughputs in pico and macro
Appendix B: Simulation assumptions

The evaluation assumptions for calibration as in Table A1, and default assumptions are aligned with the guidelines TR 36.814[4]:

Table A1 System models and assumptions for FDD in Case1

	Parameter
	Assumption

	Scenario
	Case 1: 2G CF, 500m ISD, 10M BW, speed 3km/h

	Cellular layout
	Hexagonal grid, 7sites, 3 cells per site, wrap‑around

	Pico layout
	4/10 pico per cell

	UE distribution
	Configuration1
	25 UEs / macrocell，uniformly

	
	Configuration4
	30-2N UEs / macrocell,2UEs/pico cell

	Range expansion offset
	3/6/9/25 dB

	Mini distance among picos 
	40m

	Mini distance between pico and macro
	35m

	Total eNB TX power (Ptotal)
	46dBm

	Total relay TX power
	30dBm

	BS antenna gain plus cable loss
	14 dBi

	Pico antenna gain plus connector loss
	5dBi  

	UE antenna gain
	0 dBi

	Distance-dependent path loss for macro to UE
	Model 1:

L= 128.1+37.6log10(R)
for 2GHz, R in km
Model 2:

PLLOS(R)= 103.4+24.2log10(R)

PLNLOS(R)= 131.1+42.8log10(R)
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)

	Distance-dependent path loss for pico to UE
	Model 1:
L= 140.7+36.7log10(R)
for 2GHz, R in km
Model 2:

PLLOS(R)=103.8+20.9log10(R)

PLNLOS(R)=145.4+37.5log10(R)
Case 1:
Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

Case 3:
Prob(R)=0.5-min(0.5,3exp(-0.3/R))+min(0.5, 3exp(-R/0.095))

	Lognormal Shadowing with shadowing standard deviation
	8 dB for macro cell to UE; 10dB for pico to UE

	Shadowing correlation
	Between sites/eNB
	0.5

	
	Between cells/sectors
	1.0

	Shadowing correlation distance
	50m

	Penetration Loss  
	20dB 

	Channel model
	ITU-UMi

	Number of antenna elements 
	2*2

	Polarization
	No

	Traffic model
	Full buffer

	Scheduler
	PF

	Number of MCS candidates for link adaptation
	30

	HARQ
	HARQ-CC; Maximum 3 transmission times

	Channel estimation error
	Ideal estimation

	Receiver algorithm
	MMSE
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