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1 Introduction
Based on the simulation assumptions [1, 2], we provided statistic results for AAS ACLR evaluation which is deployed in Macro cell scenario. Based on the simulation results, we also present our views on defining ACLR requirement.
2 Discussion
2.1 Simulation models and assumptions
Considering RAN4 work load, it is suggested that LTE Macro-to-LTE Macro coexistence scenario, as a typical scenario, could be simulated at the first step. Detailed simulation assumptions are provided in [1, 2].
Table 1 Simulation cases for evaluating AAS ACLR
	Case
	Aggressor
	Victim
	Simulated link
	Statistics

	1-a
	AAS E-UTRA Macro system 
	Legacy E-UTRA Macro system
	Downlink
	 Cell  average / Cell edge Throughput loss;

	1-b
	AAS E-UTRA Macro system 
	AAS E-UTRA Macro system
	Downlink
	 Cell  average / Cell edge Throughput loss;

	1-c(Baseline)
	Legacy E-UTRA Macro system
	Legacy E-UTRA Macro system
	Downlink
	 Cell  average / Cell edge Throughput loss;


2.2 ACLR modelling
For 3D-coexistence simulation, the ACLR value at the targeted direction shall be calculated using the following equation [3]:
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or expressed in dB as
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where 
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 is ACLR value (in dB) for radiation element.
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is the super position vector given by
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Figure 1 AAS ACLR/ACIR pattern (down-tilt =0 degree, ACLRelement=45dB, ACSUE=33dB)
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Figure 2 AAS ACLR/ACIR pattern (electrical down-tilt =5 degree, ACLRelement=45dB, ACSUE=33dB)
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Figure 3 AAS ACLR/ACIR pattern (electrical down-tilt =9 degree, ACLRelement=45dB, ACSUE=33dB)
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Figure 4 AAS ACLR/ACIR pattern (electrical down-tilt =15 degree, ACLRelement=45dB, ACSUE=33dB)
2.3 Simulation results and analysis
In this section, system coexistence simulation was performed to investigate AAS ACLR. 5 different BS down tilt angles were simulated respectively, 0,5, 9, 10 and 15 degree, both electrical down tilt and mechanical down tilt, by using the simulation methodology and assumptions described in [1,2] to understand ACLR performance of AAS. Here, the down-tilt angle is defined as the angle between the direction of path and horizontal plane, i.e. 0 degree represents perpendicular to array. ACLRelement (ACLR per PA) in the simulation is in the range of [30, 45]dBc.
Based on the simulation results shown in the Annex A, some observations could be obtained:

1)  Regardless of the correlation levels, comparing with Baseline (Case 1c: Legacy to Legacy system), Case 1a (AAS to Legacy system) shows higher cell throughput loss, as shown in Figure 5 and 6. This is mainly due to the degradation of AAS ACLR at most of side lobes. 
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Figure 5 Comparison of cell average throughput loss in case 1a and case 1c (assuming ACLRelement=45dB)

[image: image18.png]500

B8 8

5% CDF throughput loss (%)

H

Comparison of Case 1a and Case 1c (electrical down

 saseiine(0deg)
8 case_tal0des)
 saseinsletiisds]
Case_tafetisdes)
 saseinsletiisds]
H Case_tafetiitades)
 Baselins(ett:10deg)
H Case_tafetit10deg)
W saseiins(eti:15des)

Case_taferiiisdeg)





[image: image19.png]500

B 8 8

5% CDF thorughoutloss (%)
g

Comparison of Case 1a and Case Lc(mechanical downtilt)

0deg 5deg odeg 10deg 15deg

 saseline(odeg)
HCase_tal0des)

W saseline(meieSdeg)
 Case_tamiisds]
 saseline(meieSdeg)
H Case_talmiitsdse]
i Baseline{mit20dse]
i Case_tafmtit:i0deg)
 saseiine(miit=1sdeg)
 Case_taimtit=15deg)





Figure 6 Comparison of 5%CDF throughput loss in case 1a and case 1c (assuming ACLRelement=45dB)
2)  Impact of Correlation levels: For legacy cell average throughput loss, the correlation levels for the worst case have something to do with the BS down-tilt angle, i.e. when BS down-tilt angles are 0 degree and 15 degree, the worst case corresponds to un-correlation of AAS, while the worst case corresponds to the correlation level of 0.6~0.8 for BS down-tilt angle is 9 and 10 degree. The reason is that since the strongest interferers come from aggressor BSs that are near the victim UEs, the vertical angle between aggressor BS and victim UE shall be in the range of [5, 15] degree (equivalent to [75,85] degree in Fig1~3). This angle range corresponds to the side lobe of AAS ACLR for 0 and 15 degree BS down-tilt angle scenarios. And ACLR degrades with the correlation level decreasing, as shown in Figure 1 and 3. Therefore the cell average throughput loss increases with the decreasing correlation levels. While for BS down-tilt angel of 9 or 10 degree, almost of victim UEs are located at the main lobe of AAS BS, whose ACLR improves with the correlation level decreasing, as shown in Figure 2, and therefore the cell average throughput loss decreases with the decreasing correlation levels.

3)  Regardless of configuration of BS down-tilt angles, the worst case for 5% CDF throughput loss corresponds to the un-correlation / low correlation case. The reason is that as shown in Figure1~3, in the main lobe the ACLR is greatly improved over 45dBc of each of the separate TRX’s. However outside the main lobe, with the decreasing of correlation level, most of the side lobes having decreasing ACLR, below the original 45dBc. For victim UEs located at cell edge, they are always closed to the aggressor (AAS) BS, i.e. outside the main lobe of aggressor (AAS) BS. Therefore with the decreasing correlation level, victim UE at cell edge suffers higher interference and worse throughput loss, correspondingly.
Table 1 Correlation level for the worst case
	BS down-tilt angle
	Correlation level for the worst case of legacy cell average throughput loss 
	Correlation level for the worst case of legacy cell 5% CDF throughput loss

	0 degree
	0
	0

	Etilt = 5 degree
	0
	0

	Mtilt = 5 degree
	0
	0

	Etilt = 9 degree
	0.6~0.8
	0

	Mtilt = 9 degree
	0.6~0.8
	0

	Etilt = 10 degree
	0.6~0.8
	0

	Mtilt = 10 degree
	0.6~0.8
	0

	Etilt = 15 degree
	0
	0

	Mtilt = 15degree
	0
	0


2.4 ACLR requirement
Three options to define ACLR requirement for AAS BS were proposed in RAN4#63 meeting. They were:

Option A: Specify 45dBc ACLR per PA;
Option B: Specify 45dBc ACLR for combined signal;
Option C: Specify 45 + X dBc ACLR for combined signal with assumption that each PA’s ACLR are 45 dBc but they are partly correlated;
Among these options, Option A is preferred to ensure system performance. The reasons are:

1) According to the simulation results, there is no coexistence issue (cell average & edge throughput loss < 5%) when ACLRelement (ACLR per PA) is 45dBc. With the degradation of ACLRelement, the cell average and edge throughput loss increase. If Option B is applied, this means ACLR per PA is specified as 35dBc (=45-10log10N) in the worst case, which leads to serious system performance degradation, especially to the cell edge throughput.

2) For Option C, it is a reasonable way to describe AAS ACLR character; however, it is difficult to specify the parameter X, which is related to the number of PA and correlation level. Simulation results show that under different BS down-tilt angles, the worst case for cell edge throughput loss corresponds to the un-correlated case. Considering that the correlation level depends on the device implementation which is hard to specify, the ACLR requirement shall be defined according to the worst case, i.e. the un-correlation case. Therefore, if Option C is applied, X shall be defined as 10logN to be equivalent to Option A.
3 Conclusion
In this contribution, we provided statistic results for AAS ACLR evaluation based on [1~3]. According to the simulation results, we propose that ACLR requirement of the legacy BS could be used for individual transmitter of AAS BS.
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Annex A
1. Baseline (Case 1c) & Case1a

· Down-tilt = 0 degree
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Figure 8 Case1a/1c: Legacy cell average&5%CDF throughput loss (down tilt=0degree)
· Electrical down-tilt=5 degree
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Figure 9 Case1a/1c: Legacy cell average&5%CDF throughput loss (electrical down-tilt=5degree)
· Mechanical down-tilt=5 degree
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Figure 10 Case1a/1c: Legacy cell average&5%CDF throughput loss (mechanical down-tilt=5degree)
· Electrical down-tilt=9 degree
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Figure 11 Case1a/1c: Legacy cell average&5%CDF throughput loss (electrical down-tilt=9degree)
· Mechanical down-tilt= 9 degree
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Figure 12 Case1a/1c: Legacy cell average&5%CDF throughput loss (mechanical down-tilt=9degree)
· Electrical down-tilt = 10 degree
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Figure 13 Case1a/1c: Legacy cell average&5%CDF throughput loss (electrical down-tilt=10degree)
· Mechanical down-tilt = 10 degree
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Figure 14 Case1a/1c: Legacy cell average&5%CDF throughput loss (mechanical down-tilt=10degree)
· Electrical down-tilt = 15 degree
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Figure 15 Case1a/1c: Legacy cell average&5%CDF throughput loss (electrical down-tilt=15degree)
· Mechanical down-tilt = 15 degree
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Figure 16 Case1a/1c: Legacy cell average&5%CDF throughput loss (Mechanical down-tilt=15 degree)
2 Baseline (Case 1c) & Case 1b

· Down-tilt =0 degree
[image: image38.png]Cell average throughput loss (%)

10.00
9.00
8.00
7.00
6.00
5.00
4.00
3.00
2.00
1.00
0.00

Case 1-b (0 degree downtilt)

&o—._.

30 35 40 45
ACLRelement (dB)

—e—Correlation=0
—m-Correlation=0.2
—A—Correlation=0.4
——Correlation=0.6
—+—Correlation=0.8
—o—Correlation=1
—+—Baseline




 [image: image39.png]5% CDF throughput loss (%)

20.00
18.00
16.00
14.00
12.00
10.00
8.00
6.00
4.00
2.00
0.00

Case 1-b (0 degree downtilt)

—4—Correlation=0

—m-Correlation=0.2
—4—Correlation=0.4
Correlation=0.6

#“—Correlation=0.8
—o—Correlation=1
~—Baseline

30

S

35 40 45 50
ACLRelement (dB)





Figure 17 Case1b/1c: AAS cell average&5%CDF throughput loss (down-tilt=00)
· Electrical down-tilt= 5 degree
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Figure 18 Case1b/1c: AAS cell average&5%CDF throughput loss (electrical down-tilt=5 degree)
· Mechanical down-tilt= 5 degree
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Figure 19 Case1b/1c: AAS cell average&5%CDF throughput loss (mechanical down-tilt=5degree)
· Electrical down-tilt= 9 degree
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Figure 20 Case1b/1c: AAS cell average&5%CDF throughput loss (electrical down-tilt=90)
· Mechanical down-tilt=9 degree
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Figure 21 Case1b/1c: AAS cell average&5%CDF throughput loss (mechanical down-tilt=90)
· Electrical down-tilt = 10 degree
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Figure 22 Case1b/1c: AAS cell average&5%CDF throughput loss (electrical down-tilt=10degree)
· Mechanical down-tilt= 10 degree
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Figure 23 Case1b/1c: AAS cell average&5%CDF throughput loss (mechanical down-tilt=10degree)
· Electrical down-tilt=15 degree
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Figure 24 Case1b/1c: AAS cell average&5%CDF throughput loss (electrical down-tilt=15 degree)
· Mechanical down-tilt=15 degree 
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Figure 25 Case1b/1c: AAS cell average&5%CDF throughput loss (mechanical down-tilt=15 degree)
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