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1. Introduction

This contribution provided the initial simulation results for the 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: 0.2
	Correlation: 0.4
	Correlation: 0.6
	Correlation: 0.8
	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 (%)
	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
	2.7474
	21.9315
	2.9601
	23.1638
	3.1463
	24.4731
	3.1728
	27.3590
	3.3276
	24.9088
	3.3894
	25.3734

	35
	2.1961
	14.8176
	2.2870
	16.4636
	2.3745
	16.5911
	2.3284
	18.4846
	2.3961
	16.9604
	2.4291
	17.1226

	40
	1.9778
	11.9188
	2.0281
	13.6627
	2.0857
	13.5600
	2.0092
	15.1399
	2.0477
	13.9606
	2.0652
	13.9383

	45
	1.8969
	10.8217
	1.9355
	12.5761
	1.9859
	12.5119
	1.8987
	13.9543
	1.9296
	12.9564
	1.9404
	12.8117

	50
	1.8690
	10.4572
	1.9043
	12.2076
	1.9529
	12.1535
	1.8623
	13.5695
	1.8913
	12.6364
	1.8998
	12.4378


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: 0.2
	Correlation: 0.4
	Correlation: 0.6
	Correlation: 0.8
	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 (%)
	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
	2.5507
	20.8667
	2.7074
	23.1597
	2.8260
	24.4866
	2.8936
	25.1933
	2.9586
	26.7548
	3.1026
	27.6726

	35
	1.9998
	16.0627
	2.0468
	17.2573
	2.0692
	17.4905
	2.0708
	17.7074
	2.0876
	18.4291
	2.1764
	19.3692

	40
	1.7796
	14.2714
	1.7956
	15.1184
	1.7827
	15.1193
	1.7668
	14.9540
	1.7619
	15.2885
	1.8258
	16.0898

	45
	1.6982
	13.6630
	1.7071
	14.4772
	1.6835
	14.3675
	1.6636
	14.0201
	1.6513
	14.2937
	1.7054
	14.9138

	50
	1.6703
	13.4892
	1.6777
	14.2729
	1.6508
	14.1445
	1.6302
	13.7428
	1.6154
	13.9824
	1.6662
	14.5281


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:
18 and 7 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 
	(18,7)
	Correlation: 0
	Correlation: 0.2
	Correlation: 0.4
	Correlation: 0.6
	Correlation: 0.8
	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 (%)
	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
	3.5609
	31.0159
	3.7940
	30.6169
	3.9601
	31.4239
	3.8343
	30.5775
	4.0401
	33.3140
	4.2094
	33.0249

	35
	2.4998
	21.2281
	2.6049
	20.6753
	2.6724
	20.6154
	2.5344
	20.8218
	2.6485
	22.5642
	2.7224
	22.0844

	40
	2.0736
	16.5567
	2.1337
	16.2318
	2.1583
	15.9604
	2.0274
	16.0558
	2.0986
	17.3719
	2.1297
	16.6259

	45
	1.9169
	14.6153
	1.9638
	14.4578
	1.9737
	14.0356
	1.8461
	14.2684
	1.9013
	15.3302
	1.9154
	14.5225

	50
	1.8629
	13.8874
	1.9060
	13.8042
	1.9116
	13.3549
	1.7850
	13.7136
	1.8338
	14.6421
	1.8424
	13.8461


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:
18 and 7 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
	(18,7)
	Correlation: 0
	Correlation: 0.2
	Correlation: 0.4
	Correlation: 0.6
	Correlation: 0.8
	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 (%)
	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
	0.9410 
	7.3646 
	0.9635 
	7.0187 
	1.0199 
	7.9003 
	1.0851 
	7.9370 
	1.0708 
	7.8301 
	1.1318 
	8.3869 

	35
	0.6184 
	4.3069 
	0.6210 
	4.2030 
	0.6427 
	4.4547 
	0.6730 
	4.5674 
	0.6524 
	4.4614 
	0.6816 
	4.8895 

	40
	0.4986 
	3.1648 
	0.4956 
	3.1462 
	0.5037 
	3.1702 
	0.5203 
	3.2840 
	0.4981 
	3.1508 
	0.5152 
	3.4871 

	45
	0.4572 
	2.8120 
	0.4526 
	2.7880 
	0.4557 
	2.7321 
	0.4674 
	2.8653 
	0.4450 
	2.7524 
	0.4580 
	2.9766 

	50
	0.4435 
	2.7061 
	0.4385 
	2.6730 
	0.4398 
	2.5954 
	0.4499 
	2.7373 
	0.4275 
	2.6285 
	0.4389 
	2.7892 


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 (%)
	4.2502
	2.8139
	2.2544
	2.0612
	1.9983

	5% CDF throughput loss (%)
	21.6974
	13.5766
	10.4219
	9.3202
	8.9711


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 6% performance degradation is observed in the worst case (case 1b_1) 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)
	-45.68
	-53.25


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)
	-47.22
	-58.09


 Observations：
1. The in-band blocking value of case 2a achieved about 1.5 dBm improvement compared to case 2b in PC1, and 5 dBm improvement in PC2.  
2. It seems that -45dBm in-band blocking for horizontal cell splitting coexistence can be acceptable. But we still need to be careful when considering other coexistence case. There is no evidence now that other coexistence scenarios can fulfill it. It is necessary to study other cases.
3. Conclusion 
Initial simulation results of AAS coexistence study include uplink throughput loss and downlink in-band blocking are provided. The observations are summarized below:
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 6% performance degradation is observed in the worst case (case 1b_1) when ACLRElement is 45 dBm.

2. The in-band blocking value of case 2a achieved about 1.5 dBm improvement compared to case 2b in PC1, and 5 dBm improvement in PC2.  
3. It seems that -45dBm in-band blocking for horizontal cell splitting coexistence can be acceptable. But we still need to be careful when considering other coexistence case. There is no evidence now that other coexistence scenarios can fulfill it. It is necessary to study other case in the future, e.g. UE-specific beamforming.
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5. Annex
In annex, we simulate the AAS coexistence study results for the vertical cell splitting with down-tilt (15,9) degrees electrical down-tilt in aggressor and 9 degrees in victim system as follows. 

5.1.1 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 A-1.
Table A-1 Simulation results with 15 and 9 degrees electrical down-tilt in aggressor and 9 degrees in victim system for vertical cell splitting 
	
	Correlation: 0
	Correlation: 0.2
	Correlation: 0.4
	Correlation: 0.6
	Correlation: 0.8
	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 (%)
	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
	3.6478
	32.3127
	3.8307
	32.8063
	4.2923
	35.4209
	4.5767
	37.6541
	4.7578
	40.0281
	5.1865
	37.9471

	35
	2.6519
	23.0616
	2.6353
	21.9191
	2.8735
	24.0088
	2.9837
	24.5097
	3.0205
	26.2942
	3.2202
	24.0985

	40
	2.2673
	18.3023
	2.1725
	17.0212
	2.3071
	18.5603
	2.3457
	18.5307
	2.3215
	19.6831
	2.4156
	17.4248

	45
	2.1256
	16.5013
	2.0051
	15.0441
	2.1023
	16.4768
	2.1149
	16.2784
	2.0692
	17.1543
	2.1214
	14.6315

	50
	2.0747
	15.8424
	1.9479
	14.3741
	2.0325
	15.7900
	2.0362
	15.5576
	1.9833
	16.2227
	2.0207
	13.6791


5.1.2 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 A-2.
Table A-2 Simulation results with 15 and 9 degrees electrical down-tilt in aggressor and 9 degrees in victim system for vertical cell splitting

	
	Correlation: 0
	Correlation: 0.2
	Correlation: 0.4
	Correlation: 0.6
	Correlation: 0.8
	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 (%)
	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
	1.5783
	23.5567
	1.7717
	28.5741
	1.8949
	29.1166
	2.0635
	30.1221
	2.2789
	32.3281
	2.3282
	31.0975

	35
	1.1027
	16.3160
	1.1877
	19.6563
	1.2215
	19.7320
	1.2886
	19.9820
	1.3973
	21.3465
	1.3938
	20.3836

	40
	0.9204
	12.9762
	0.9571
	15.2363
	0.9570
	15.0752
	0.9785
	14.7862
	1.0434
	15.8398
	1.0213
	15.0844

	45
	0.8546
	11.6321
	0.8731
	13.4554
	0.8621
	13.2992
	0.8667
	12.8752
	0.9142
	13.5516
	0.8866
	12.8637

	50
	0.8323
	11.1731
	0.8440
	12.8162
	0.8291
	12.6256
	0.8280
	12.1626
	0.8693
	12.6787
	0.8403
	12.0311


