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1. Introduction
AAS co-existence simulation assumptions were discussed in RAN4 67# meeting. The discussion was mainly focused on cell split scenario. As an important use application, UE specific beam forming should be one of the AAS co-existence simulation scenarios. To facilitate the coexistence study, [1] summarized related scenarios and provide the simulation results for the UE specific beam forming AAS coexistence scenarios. The results include uplink throughput loss and downlink in-band blocking.  
2. Simulation scenarios and Results
2.1  Simulation scenarios
To check the co-exist system performance of AAS using UE beam forming, we propose that simulation cases for both uplink and downlink were made, 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

	Da
	AAS E-UTRA Macro system: UE specific beam forming
	AAS E-UTRA Macro system: UE specific beam forming
	Downlink
	Throughput loss 
	ACLR

	Db
	AAS E-UTRA Macro system: UE specific beam forming
	Legacy

E-UTRA Macro system
	Downlink
	Throughput loss
	ACLR

	Dc
	Legacy

E-UTRA Macro system
	AAS E-UTRA Macro system: UE specific beam forming
	Downlink
	Throughput loss 
	ACLR

	Dd
	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

	Ua
	AAS E-UTRA Macro system: UE beam forming
	AAS E-UTRA Macro system: UE beam forming
	Uplink
	Interferer levels at victim BS
	In-band blocking

	Ub
	Legacy

E-UTRA Macro system
	AAS E-UTRA Macro system: UE beam forming
	Uplink
	Interferer levels at victim BS
	In-band blocking

	Uc
	Legacy

E-UTRA Macro system
	Legacy

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


Proposal: Simulation cases as shown in Table 2.1-1 and Table 2.1-2 are applied for evaluating in-band blocking and ACLR for the UE specific beam forming AAS coexistence scenarios

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. The related simulation assumptions are in alignment with[1].
According to the interference modeling of ACLR in [1], there’re 24 3rd order products of 4UEs specific beam forming. It’s too complicate to simulate. So we adopt the simplified model in [2], which using a single beam network ACLR simulations with the correlation coefficient swept between 0 and 1 to cover the user level beam forming cases.  
2.2.1 Case Da: AAS E-UTRA Macro system: UE specific beam forming - AAS E-UTRA Macro system: UE specific beam forming 
Simulations are based on the following assumptions:

Aggressor system:

10 MHz AAS E-UTRA macro system: UE specific beam forming
Victim system:


10 MHz AAS E-UTRA macro system: UE specific beam forming
Environment:


Macro cell, urban area, uncoordinated deployment

Cell Range


750 m
Number of active UEs:   4 UEs in both system
Simulation results are presented in Table 2.2-1.
Table 2.2-1 Case Da 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
	3.6576
	17.4474
	4.0062
	15.9000
	4.0412
	13.5454

	35
	2.5211
	10.1643
	2.6166
	9.0295
	2.5576
	7.8681

	40
	2.0500
	7.2189
	2.0811
	6.4358
	2.0120
	5.9486

	45
	1.8704
	6.1802
	1.8894
	5.5209
	1.8273
	5.3126

	50
	1.8065
	5.8293
	1.8246
	5.1878
	1.7677
	5.1068


2.2.2 Case Db: AAS E-UTRA Macro system: UE specific beam forming - Legacy E-UTRA Macro system

Simulations are based on the following assumptions:
Aggressor system:

10 MHz AAS E-UTRA macro system: UE specific beam forming
Victim system:


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


Macro cell, urban area, uncoordinated deployment

Cell Range:


750 m
Number of active UEs:   4 UEs in aggressor system and 1 UE in victim system  
Simulation results are presented in Table 2.2-2.
Table 2.2-2 Case Db 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
	18.4624
	54.1373
	21.1472
	57.7758
	22.4094
	60.6562

	35
	15.7513
	43.4872
	16.8041
	43.3366
	17.1872
	44.0618

	40
	14.7105
	38.7103
	15.0158
	36.9124
	14.8479
	36.6004

	45
	14.3430
	36.7530
	14.3799
	34.5021
	13.9856
	33.9059

	50
	14.2202
	36.1187
	14.1697
	33.7392
	13.6967
	32.9269


2.2.3 Case Dc: Legacy E-UTRA Macro system - AAS E-UTRA Macro system: UE specific beam forming 
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: UE specific beam forming
Down-tilt angle:
9 degrees electrical down-tilt in aggressor system
Environment:
Macro cell, urban area, uncoordinated deployment

Cell Range


750 m
Number of active UEs:   1 UE in victim system and 4 UEs in aggressor system  
Simulation results are presented in Table 2.2-3.
Table 2.2-3 Case Dc 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
	1.3218
	10.4941
	1.4304
	9.0389
	1.4787
	8.5052

	35
	0.9376
	5.8688
	0.9367
	4.9331
	0.9484
	4.9955

	40
	0.7527
	3.9329
	0.7323
	3.3811
	0.7534
	3.7892

	45
	0.6741
	3.2742
	0.6571
	2.8890
	0.6871
	3.3889

	50
	0.6441
	3.0904
	0.6311
	2.7336
	0.6656
	3.2569


2.2.4 Case Dd: Legacy E-UTRA Macro system - Legacy 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 E-UTRA with passive antenna system 
Down-tilt angle:
     9 degrees electrical down-tilt in both systems
Environment:
Macro cell, urban area, uncoordinated deployment

Cell Range


750 m
Number of active UEs:   1 UE in both systems  
Simulation results are presented in Table 2.2-4.
Table 2.2-4 Case Dd 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. From case Da and case Dc, it shows that when the UE specific beam forming AAS served as victim system, the UE’s average throughput loss and the cell edge throughput loss will be very low compared with the UEs in the Legacy system. That’s because the UEs in the UE specific beam forming AAS system can receive a higher SINR.  
2. Due to the narrow beam width of UE specific beam forming, when UE of the legacy E-UTRA is close to the UEs of the UE specific beam forming AAS, it will receive a big interference from the aggressor system. So the performance of case 1b is the worst.
2.3  Uplink in-band blocking
2.3.1 Case Ua: AAS E-UTRA Macro system: UE specific beam forming - AAS E-UTRA Macro system: UE specific beam forming
Simulations are based on the following assumptions:
Aggressor system:

10 MHz AAS E-UTRA macro system: UE specific beam forming
Victim system:


10 MHz AAS E-UTRA macro system: UE specific beam forming
Environment:


Macro cell, urban area, uncoordinated deployment

Cell Range


750 m
Number of UEs:        4 UEs in both system
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 Ua simulation results
	
	PC1
	PC2

	99.99% CDF in-band blocking (dBm)
	-58.04
	-69.85


2.3.2 Case Ub: Legacy E-UTRA Macro system - AAS E-UTRA Macro system: UE specific beam forming 
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: UE specific beam forming
Down-tilt angle:
9 degrees electrical down-tilt in aggressor system
Environment:
Macro cell, urban area, uncoordinated deployment

Cell Range


750 m
Number of UEs:        4 UEs in both system  
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 Ub simulation results
	
	PC1
	PC2

	99.99% CDF in-band blocking (dBm)
	-46.74
	-56.52


2.3.3 Case Uc(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

Number of UEs:        4 UEs in both system
Table 2.3-3 Case Uc simulation results
	
	PC1
	PC2

	99.99% CDF in-band blocking (dBm)
	-42.96
	-55.23


 Observations：
1. The in-band blocking value of case Ua is much lower than the case Ub and case Uc, that’s because the uplink power control algorithm. The couple loss between UE and BS is lower in the UE specific beam forming system, so the transmit power of the UEs is lower compared with UEs in other system, and result in a much lower blocking value.   
3. Conclusions
To facilitate the AAS coexistence study, UE specific beam forming should be one of the AAS co-existence simulation scenarios. To check the co-exist system performance of AAS using UE beam forming, we propose that simulation cases as shown in Table 2.1-1 and Table 2.1-2 for both uplink and downlink were made, The results and observation on initial simulation campaign are summarized in this contribution.
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