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1. Introduction
In RAN #66 meeting, a new SI “Study on possible additional configuration of LTE TDD” was approved [1]. The objective of the study is to evaluate issues related to the potential introduction of the following additional configuration(s) for LTE TDD; 10:0:0 and 9:1:0 (DL:Sp:UL).

In RAN #67 meeting, two scenarios were identified/approved in [2] and captured in TR36.825 [3] for evaluating coexistence impact from using possible additional TDD configuration(s).

In this contribution, we provide deterministic and Monte Carlo simulation to evaluate impact of coexistence to both Operator_A and Operator_B performances in these two scenarios according to the agreed simulation assumptions in [4].
2. Performance evaluation of co-existence
2.1 Scenarios for co-existence study
The following two scenarios are selected to evaluate coexistence on intra-band adjacent LTE TDD operations using different TDD UL/DL configurations.
	Scenario 1: 
Operator_A: small cell (outdoor pico)
Carrier frequency: 2.7GHz
Channel bandwidth: 10MHz
Duplex mode: New TDD UL/DL configuration (10:0:0)
Operator_B: Macro cell
Carrier frequency: 2.7GHz
Channel bandwidth: 10MHz
Duplex mode: TDD UL/DL configuration 2 with special configuration 4
	Scenario 2: 
Operator_A: Macro cell
Carrier frequency: 2.7GHz
Channel bandwidth: 10MHz
Duplex mode: New TDD UL/DL configuration (10:0:0)
Operator_B: Macro cell
Carrier frequency: 2.7GHz
Channel bandwidth: 10MHz
Duplex mode: TDD UL/DL configuration 2 with special configuration 4
2.2 Deterministic analysis
BS to BS interferences are analyzed with deterministic approach, and the required minimum BS site separation distances are determined. This deterministic approach is based on the worst case scenario (by assuming highest antenna gains) resulting in typically more stringent requirements.


Scenario 1: Outdoor Pico to Macro cell adjacent channel case:
Table 1. Deterministic analysis result of Scenario 1
	Operator A BS transmission power
	24 dBm

	Operator A BS antenna gain 
	5 dBi

	Operator B BS antenna gain
	15 dBi

	ACIR BS to BS
	43 dB

	Operator B Received Interference 
	24+5+15-PL-43 = (1-PL) dBm

	Operator B BS acceptable interference
	-106.5 dBm

	PLLOS (R) =100.7+23.5log10(R) 
PLNLOS(R) = 125.2+36.3log10(R); 
R in km

	Minimum separation distance 
	1947m for LOS;
325m for NLOS



Scenario 2: Macro cell to Macro cell adjacent channel case:
Table 2. Deterministic analysis result of Scenario 2
	[bookmark: OLE_LINK1]Operator A BS transmission power
	46 dBm

	Operator A BS antenna gain 
	15 dBi

	Operator B BS antenna gain
	15 dBi

	ACIR BS to BS
	43 dB

	Operator B Received Interference 
	46+15+15-PL-43 = (33-PL) dBm

	Operator B BS acceptable interference
	-106.5 dBm

	PLLOS (R) =98.45+20log10(R) ,R in km

	Minimum separation distance 
	112.85km 



2.3 Monte Carlo simulation
For another part of coexistence evaluation, the following metrics are identified in [4]. The details of simulation assumptions are in line with the agreement of the email discussion [4].
CDF of Operator A’s DL geometry, assuming Operator B is performing DL transmission
CDF of Operator A’s DL geometry, assuming Operator B is performing UL transmission
CDF of Operator B’s UL geometry, assuming Operator A is performing UL transmission
CDF of Operator B’s UL geometry, assuming Operator A is performing DL transmission
Scenario 1: Outdoor Pico to Macro cell adjacent channel case:
[image: ]      [image: ]
Figure 1. Downlink geometry of Operator A               Figure 2. Uplink geometry of Operator B
Scenario 2: Macro cell to Macro cell adjacent channel case:	
[image: ]    [image: ]
	Figure 3. Downlink geometry of Operator A              Figure 4. Uplink geometry of Operator B
Observations:
For Scenario 1(Outdoor Pico to Macro cell adjacent channel case):
· Uplink geometry of Macro UEs of Operator B is affected by the downlink transmission direction of Pico cells of Operator A by about 5dB. It is, however, much less than the Macro BS-Macro BS interference (Scenario 2).
· Downlink geometry of Pico UEs when Macro UE of Operator B performs uplink transmission is better than the case when Operator B performs downlink transmission. It is because the UE-UE interference is less than Macro BS-UE (baseline case).
For Scenario 2(Macro cell to Macro cell adjacent channel case):
· Uplink geometry of Macro UEs is significantly decreased due to Macro BS-Macro BS interference. And it is mainly due to the facts:
· Free space propagation between Macro BSs.
· The larger antenna gains are applied on both Tx and Rx of Macro BSs (The antenna gain is 15dBi in this simulation).
· Downlink geometry of Macro UEs is almost the same with the baseline case, and even better than that of baseline case at low SINR. It is because the UE-UE interference is less than Macro BS-UE for the cell edge UEs of operator A.

Macro BS antenna downtilt modelling:
The agreed assumption in terms of BS antenna model is a 2D horizontal antenna pattern. However, BS downtilt is used in real network deployments which require a 3D antenna model for simulations. We provide here more simulation results with a 3D antenna pattern to investigate the impact of different antenna downtilt angles on the coexistence performance. The pattern used in the simulations according to [7] as follows.
The horizontal antenna pattern given below is the same used for 2D antenna pattern.

,


 is the 3dB beam width which corresponds to 65 degrees, and  is the maximum attenuation.
The vertical antenna pattern is as follows.




 = 10, SLAv = 20 dB, =15°

The parameter is the electrical antenna downtilt. Antenna height at the Macro base station is set to 32m. Antenna height at the UE is set to 1.5m. Antenna height at the Pico is set to 10m.
The combining method in 3D antenna pattern is:


Scenario 1: Outdoor Pico to Macro cell adjacent channel case:
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Figure 5. Downlink geometry of Operator A               Figure 6. Uplink geometry of Operator B
Scenario 2: Macro cell to Macro cell adjacent channel case:	
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Figure 7. Downlink geometry of Operator A               Figure 8. Uplink geometry of Operator B
Observations:
· A 15° antenna downtilt can improve the UL geometry significantly by up to 25dB, especially for scenario 2 which is Macro cell to Macro cell adjacent channel case.
· For scenario 1, a 15° antenna downtilt can improve the UL geometry by about 2.5dB.
3. Conclusions
In this contribution, we have provided our simulation results of the co-existence study for possible additional TDD configuration(s).
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