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1. Introduction

This contribution provide the updated simulation results for AAS cell splitting coexistence scenarios given in [1]. The results include uplink throughput loss and downlink in-band blocking.  
2. Simulation and Discussion

2.1  Simulation scenarios
The simulation cases from [1] are based on AAS BS using vertical / horizontal cell splitting applications.
The E-UTRA Macro to E-UTRA Macro coexistence scenario is identified for the purpose of studying the spatial characteristics of an AAS BS. Simulation cases as shown in Table 2.1-1 and Table 2.1-2 are applied for evaluating in-band blocking and ACLR for AAS BS.
Table 2.1-1 Simulation cases for ACLR
	Case
	Aggressor
	Victim
	Simulated link
	Statistics
	Target RF requirement

	1a_1
	AAS E-UTRA Macro system: Horizontal cell splitting;
	Legacy E-UTRA Macro system: no cell splitting;
	Downlink
	Throughput loss 
	ACLR

	1a_2
	AAS E-UTRA Macro system: Horizontal cell splitting;
	AAS E-UTRA Macro system: Horizontal cell splitting;
	Downlink
	Throughput loss
	ACLR

	1b_1
	AAS E-UTRA Macro system : Vertical cell splitting;
	Legacy E-UTRA Macro system: no cell splitting;
	Downlink
	Throughput loss 
	ACLR

	1b_2
	AAS E-UTRA Macro system : Vertical cell splitting;
	AAS E-UTRA Macro system: Vertical cell splitting;
	Downlink
	Throughput loss
	ACLR

	1c(Baseline)
	Legacy

E-UTRA Macro system
	Legacy

E-UTRA Macro system
	Downlink
	Throughput loss
	ACLR


Table 2.1-2 Simulation cases for in-band blocking
	Case 
	Aggressor 
	Victim 
	Simulated link 
	Statistics
	Target RF requirement

	2a 
	Legacy E-UTRA Macro system: no cell splitting interfere 
	Multi-column AAS E-UTRA Macro system
	Uplink 
	Interferer levels at victim BS
	In-band blocking

	2b(Baseline) 
	Legacy

E-UTRA Macro system
	Legacy

E-UTRA Macro system
	Uplink 
	Interferer levels at victim BS 
	In-band blocking


2.2  Downlink Throughput Loss 
For the following simulation, the throughput loss is the throughput reduction ratio of victim system between the coexistence scenario and single system scenario.

2.2.1 Case 1a_1: AAS E-UTRA Macro system: Horizontal cell splitting interfere- Legacy E-UTRA Macro system: no cell splitting 

Simulations are based on the following assumptions:

Aggressor system:

10 MHz AAS E-UTRA macro system: horizontal cell splitting
Victim system:


10 MHz E-UTRA with passive antenna system
Down-tilt angle:
9 degrees electrical down-tilt in aggressor and victim system
Scan angle:            ±25 degrees in aggressor system
Environment:


Macro cell, urban area, uncoordinated deployment

Cell Range


750 m

Simulation results are presented in Table 2.2-1.
Table 2.2-1 Case 1a_1 simulation results
	
	Correlation: 0
	Correlation: 0.5
	Correlation: 1

	ACLR per element (dBc)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)

	30
	3.3345
	26.3192
	3.8293
	27.8042
	4.3164
	29.3141

	35
	2.6569
	19.0047
	2.8072
	18.6605
	3.0328
	20.0431

	40
	2.3910
	15.6951
	2.4245
	15.0478
	2.5494
	16.4110

	45
	2.2944
	14.5231
	2.2929
	13.7908
	2.3849
	15.1834

	50
	2.2615
	14.1473
	2.2498
	13.3812
	2.3312
	14.7683


2.2.2 Case 1a_2: AAS E-UTRA Macro system: Horizontal cell splitting interfere- AAS E-UTRA Macro system: Horizontal cell splitting

Simulations are based on the following assumptions:
Aggressor system:

10 MHz AAS E-UTRA macro system: horizontal cell splitting
Victim system:


10 MHz AAS E-UTRA macro system: horizontal cell splitting
Down-tilt angle:
9 degrees electrical down-tilt in aggressor and victim system
Scan angle:            ±25 degrees in aggressor and victim system
Environment:


Macro cell, urban area, uncoordinated deployment

Cell Range


750 m

Simulation results are presented in Table 2.2-2.
Table 2.2-2 Case 1a_2 simulation results
	
	Correlation: 0
	Correlation: 0.5
	Correlation: 1

	ACLR per element (dBc)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)

	30
	3.1734
	26.6476
	3.6922
	31.0700
	3.9840
	36.4300

	35
	2.4818
	21.3869
	2.6434
	22.2015
	2.7444
	25.0964

	40
	2.2062
	19.5269
	2.2502
	18.7714
	2.2753
	20.5738

	45
	2.1056
	18.9231
	2.1151
	17.5982
	2.1147
	18.9753

	50
	2.0714
	18.7197
	2.0708
	17.2644
	2.0625
	18.4659


2.2.3 Case 1b_1: AAS E-UTRA Macro system : Vertical cell splitting interfere- Legacy E-UTRA Macro system: no cell splitting

Simulations are based on the following assumptions:

Aggressor system:

10 MHz AAS E-UTRA macro system: vertical cell splitting
Victim system:


10 MHz E-UTRA with passive antenna system
Down-tilt angle:
15 and 9 degrees electrical down-tilt in aggressor and 9 degrees in victim system
Environment:


Macro cell, urban area, uncoordinated deployment

Cell Range


750 m

Simulation results are presented in Table 2.2-3.
Table 2.2-3 Case 1b_1 simulation results 
	
	Correlation: 0
	Correlation: 0.5
	Correlation: 1

	ACLR per element (dBc)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)

	30
	3.4519
	32.8141
	3.9752
	34.4962
	4.6796
	32.5622

	35
	2.7668
	24.8664
	2.9018
	25.0236
	3.2486
	22.2525

	40
	2.5092
	21.4972
	2.4982
	20.7793
	2.7069
	17.8326

	45
	2.4163
	20.2338
	2.3572
	19.1769
	2.5176
	16.1221

	50
	2.3844
	19.8172
	2.3103
	18.6775
	2.4543
	15.4560


2.2.4 Case 1b_2: AAS E-UTRA Macro system: Vertical cell splitting interfere- AAS E-UTRA Macro system: Vertical cell splitting

Simulations are based on the following assumptions:
Aggressor system:

10 MHz AAS E-UTRA macro system: vertical cell splitting
Victim system:


10 MHz AAS E-UTRA macro system: vertical cell splitting
Down-tilt angle:
15 and 9 degrees electrical down-tilt in aggressor and victim system
Environment:


Macro cell, urban area, uncoordinated deployment

Cell Range


750 m

Simulation results are presented in Table 2.2-4.
Table 2.2-4 Case 1b_2 simulation results
	
	Correlation: 0
	Correlation: 0.5
	Correlation: 1

	ACLR per element (dBc)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)
	cell average throughput loss (%)
	5% CDF throughput loss (%)

	30
	1.6389
	22.2105
	2.1106
	26.4619
	2.3358
	26.0744

	35
	1.2834
	16.4623
	1.5189
	18.4393
	1.5753
	17.5137

	40
	1.1498
	13.9180
	1.3000
	15.2746
	1.2907
	14.0722

	45
	1.1018
	12.9909
	1.2232
	14.0075
	1.1918
	12.7675

	50
	1.0857
	12.7145
	1.1976
	13.5499
	1.1590
	12.3110


2.2.5 Case 1c(Baseline): Legacy E-UTRA Macro system interfere- Legacy E-UTRA Macro system

Simulations are based on the following assumptions:
Aggressor system:

Legacy E-UTRA macro system
Victim system:


Legacy E-UTRA macro system

Down-tilt angle:        9 degrees electrical down-tilt in aggressor and victim system
Environment:


Macro cell, urban area, uncoordinated deployment

Cell Range


750 m

Simulation results are presented in Table 2.2-5.
Table 2.2-5 Case 1c simulation results
	
	ACLR per element(dBc)

	
	30
	35
	40
	45
	50

	Cell average throughput loss (%)
	5.2199
	3.4690
	2.7839
	2.5471
	2.4701

	5% CDF throughput loss (%)
	25.3531
	16.0399
	12.3063
	11.0214
	10.6127


Observations：
1. For all the downlink simulation cases above, the average downlink throughput loss of cell splitting system is small. However, the 5% CDF for downlink throughput loss of cell splitting are worse than the baseline case, for instance 7% performance degradation is observed in the worst case (case 1a_2) when ACLRElement is 45 dBm.
2.3  Uplink in-band blocking
2.3.1 Case 2a: Legacy E-UTRA Macro system: no cell splitting interfere- Multi-column AAS E-UTRA Macro system

Simulations are based on the following assumptions:
Aggressor system:

10 MHz E-UTRA with passive antenna system
Victim system:


10 MHz AAS E-UTRA macro system: horizontal cell splitting
Down-tilt angle:
9 degrees electrical down-tilt in aggressor and victim system
Scan angle:            ±25 degrees in victim system
Environment:


Macro cell, urban area, uncoordinated deployment

Cell Range


750 m

The blocking level measured at the antenna connector of AAS single radiation element from UEs within the adjacent legacy system is presented in Table 2.3-1.

Table 2.3-1 Case 2a simulation results
	
	PC1
	PC2

	99.99% CDF in-band blocking (dBm)
	-45.58
	-54.94


2.3.2 Case 2b: Legacy E-UTRA Macro system: no cell splitting interfere- Legacy E-UTRA Macro system: no cell splitting

Simulations are based on the following assumptions:
Aggressor system:

10 MHz E-UTRA with passive antenna system
Victim system:


10 MHz E-UTRA with passive antenna system
Down-tilt angle:
9 degrees electrical down-tilt in aggressor and victim system
Environment:


Macro cell, urban area, uncoordinated deployment

Cell Range


750 m

The blocking level measured at the antenna connector of legacy BS from UEs within adjacent legacy system is presented in table 2.3-2.

Table 2.3-2 Case 2b simulation results
	
	PC1
	PC2

	99.99% CDF in-band blocking (dBm)
	-45.42
	-54.74


 Observations：
1. It shows that the blocking value of the AAS are almost the same with that of Legacy E-UTRA system with passive antenna system.
3. Conclusion 
In this contribution, we provide the updated simulation results for AAS cell splitting coexistence scenarios given in [1]. From the observations, our suggestion as follows:
1. The throughput loss changes very slow when ACLR exceed 45dB. The cell average throughput loss of all cases is less than 5% when ACLR is 45dB, which means 45dB ACLR per element is enough. But the cell edge throughput loss always higher than 10%, we may need other methods to reduce the cell edge throughput loss, e.g. improve UE’s ACS.

2. The existing requirement of receiver can meet the demand of AAS, so the in-band blocking of AAS does not need further research. 
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