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Discussion
1. Introduction
In RAN#66 meeting a new study item on possible additional TDD configurations was approved [1]. One of the objectives is to evaluate the issue of co-existence with adjacent standalone LTE TDD operations in the same band. In this contribution, we provide the coexistence simulation results for the selected scenarios and the observations based on them.
2. Discussion
The following scenarios are selected to evaluate coexistence on intra-band adjacent LTE TDD operations using additional TDD configuration and existing TDD configuration respectively according to [2].
i. Scenario 1: 

1. Operator_A: small cell (outdoor pico)
a. Carrier frequency: 2.7GHz
b. Channel bandwidth: 10MHz
c. Duplex mode: New TDD UL/DL configuration (10:0:0)
2. Operator_B: Macro cell

a. Carrier frequency: 2.7GHz
b. Channel bandwidth: 10MHz
c. Duplex mode: TDD UL/DL configuration 2 with special configuration 4

ii. Scenario 2: 

1. Operator_A: Macro cell
a. Carrier frequency: 2.7GHz
b. Channel bandwidth: 10MHz
c. Duplex mode: New TDD UL/DL configuration (10:0:0)
2. Operator_B: Macro cell

a. Carrier frequency: 2.7GHz
b. Channel bandwidth: 10MHz

c. Duplex mode: TDD UL/DL configuration 2 with special configuration 4

The results for scenario1 and scenario2 are provided below. Table1 shows the simulation result of scenario 1 (outdoor Pico-Macro) and table 2 shows the simulation result of scenario 2 (Macro-Macro). 
2.1 Scenario 1 Macro-Pico
Table1.Simulation results of Scenario1
	　
	　
	　
	Operator A (DL, Mbps)
	Operator B(UL, Mbps)

	λ
DL
	λ
UL
	Case type
	Avg.
	5%
	50%
	95%
	RU
(Pico cell %)
	Packet drop ratio(%)
	Avg.
	5%
	50%
	95%
	RU
(Macro cell %)
	Packet drop ratio
(Macro cell %)

	0.8
	0.25
	Case1
Gain (%)
	13.97
(0)
	2.18
(0)
	13.68
(0)
	27.87
(0)
	43.69 
	0 
	2.42
(0)
	0.69
(0)
	2.43
(0)
	3.80
(0)
	29.21 
	2.38 

	
	
	Case2
Gain (%)
	16.31
(+16.75)
	2.46
(+12.84)
	15.63
(+14.25)
	31.37
(+12.56)
	37.24 
	0 
	2.01
(-16.94)
	0.51
(-26.09)
	2.00
(-17.70)
	3.21
(-15.53)
	34.37 
	5.95 

	
	
	Case3
Gain (%)
	17.30
(+23.84)
	2.68
(+22.94)
	16.68
(+21.93)
	34.78
(24.79)
	27.79 
	0 
	1.59
(-34.30)
	0.39
(-43.48)
	1.49
(-38.68)
	2.54
(-33.16)
	36.04 
	8.33 

	1
	0.25
	Case1
Gain (%)
	10.47
(0)
	1.17
(0)
	8.89
(0)
	27.31
(0)
	59.92 
	0 
	2.41
(0)
	0.79
(0)
	2.41
(0)
	3.7
(0)
	29.21 
	2.40 

	
	
	Case2
Gain (%)
	13.76
(+31.42)
	1.67
(+42.74)
	12.69
(+42.74)
	32.09
(+17.50)
	51.79 
	0 
	1.88
(-22)
	0.49
(-37.97)
	1.82
(-24.48)
	3.01
(-18.65)
	37.28 
	10.71 

	
	
	Case3
Gain (%)
	13.94
(+33.14)
	1.71
(+46.15)
	12.77
(43.64)
	32.46
(+18.86)
	42.64 
	0 
	1.45
(-39.83)
	0.36
(-54.43)
	1.37
(-43.15)
	2.54
(-31.35)
	39.75 
	14.12 

	1.2
	0.25
	Case1
Gain (%)
	6.78
(0)
	0.73
(0)
	4.22
(0)
	20.63
(0)
	74.15 
	2.96 
	2.36
(0)
	0.8
(0)
	2.41
(0)
	3.65
(0)
	29.22 
	2.38 

	
	
	Case2
Gain (%)
	9.32
(+37.46)
	1.12
(+53.42)
	5.92
(+40.28)
	25.25
(+22.39)
	67.34 
	1.40 
	1.73
(-26.70)
	0.48
(-40)
	1.62
(-32.78)
	2.88
(-21.10)
	40.55 
	13.10 

	
	
	Case3
Gain (%)
	9.71
(+43.22)
	1.18
(+61.64)
	6.13
(+45.26)
	25.89
(+25.50)
	60.37 
	1.30 
	1.36
(-42.37)
	0.34
(-57.5)
	1.25
(-48.13)
	2.26
(-38.08)
	41.96 
	16.47 

	0.8
	0.5
	Case1
Gain (%)
	13.95
(0)
	2.08
(0)
	13.79
(0)
	27.87
(0)
	43.61 
	0 
	1.68
(0)
	0.57
(0)
	1.34
(0)
	3.24
(0)
	66.53 
	14.49 

	
	
	Case2
Gain (%)
	16.29
(+16.77)
	2.48
(+19.23)
	14.55
(+5.51)
	31.37
(+12.56)
	37.21 
	0 
	1.37
(-18.45)
	0.33
(-42.11)
	1.09
(-18.66)
	2.87
(-11.42)
	71.14 
	27.05 

	
	
	Case3
Gain (%)
	17.34
(24.3)
	2.63
(+26.44)
	16.65
(+20.74)
	34.78
(+24.79)
	29.90 
	0 
	1.29
(-23.21)
	0.29
(-49.12)
	0.93
(-30.60)
	2.46
(-24.07)
	75.40 
	30.43 

	1
	0.5
	Case1
Gain (%)
	10.48
(0)
	1.18
(0)
	8.94
(0)
	27.14
(0)
	59.79 
	0 
	1.63
(0)
	0.54
(0)
	1.31
(0)
	3.25
(0)
	66.53 
	14.49 

	
	
	Case2
Gain (%)
	13.69
(+30.63)
	1.63
(+38.14)
	10.82
(+21.03)
	30.25
(+11.46)
	51.84 
	0 
	1.3
(-20.25)
	0.3
(-44.44)
	1.01
(-22.90)
	2.87
(-11.69)
	72.67 
	30.54 

	
	
	Case3
Gain (%)
	14.07
(+34.26)
	1.70
(+44.07)
	11.91
(+33.22)
	32.00
(+17.91)
	42.71 
	0 
	1.24
(-23.93)
	0.26
(-51.85)
	0.94
(-28.24)
	2.27
(-30.15)
	76.24 
	33.80 

	1.2
	0.5
	Case1
Gain (%)
	6.74
(0)
	0.68
(0)
	4.16
(0)
	20.31
(0)
	74.56 
	3 
	1.64
(0)
	0.54
(0)
	1.31
(0)
	3.25
(0)
	66.52 
	14.98 

	
	
	Case2
Gain (%)
	8.97
(+33.09)
	1.01
(+48.53)
	5.83
(+40.14)
	24.45
(+20.38)
	68.60 
	1.44 
	1.15
(-29.88)
	0.19
(-64.81)
	0.88
(-32.82)
	2.6
(-20)
	74.70 
	34.13 

	
	
	Case3
Gain (%)
	9.76
(+44.81)
	1.12
(+64.7)
	6.11
(+46.88)
	25.82
(+27.13)
	60.99 
	1.32 
	1.1
(-32.92)
	0.18
(-66.67)
	0.76
(-41.98)
	2.4
(-26.15)
	77.44 
	36.24 


For UL performance of Operator B in scenario1:

· in case Operator B uses TDD UL/DL configuration 2 and Operator A uses TDD UL/DL configuration 5,
· the 5% packet throughput of Operator B is max degraded by 66%
· the 50% packet throughput of Operator B is max degraded by 33%
· the 95% packet throughput of Operator B is max degraded by 20%
· the mean packet throughput of Operator B is degraded by 30%
· the packet drop ratio is 34%
· in case Operator B uses TDD UL/DL configuration 2 and Operator A uses a new configuration of 10:0:0,
· the 5% packet throughput of Operator B is max degraded by 67%
· the 50% packet throughput of Operator B is max degraded by 48%
· the 95% packet throughput of Operator B is max degraded by 38%
· the mean packet throughput of Operator B is degraded by 42%
· the packet drop ratio is 36%
For DL performance of Operator A in scenario1:

· comparing the DL performance of Operator A using TDD UL/DL configuration 5 vs. TDD UL/DL configuration 2,
· the 5% packet throughput of Operator A is max improved by 53%
· the 50% packet throughput of Operator A is max improved by 43%
· the 95% packet throughput of Operator A is max improved by 43%
· the mean packet throughput of Operator A is max improved by 37%
· comparing the DL performance of Operator A using TDD UL/DL configuration 5 vs. a new TDD UL/DL configuration of 10:0,
· the 5% packet throughput of Operator A is max improved by 65%
· the 50% packet throughput of Operator A is max improved by 47%
· the 95% packet throughput of Operator A is max improved by 27%
· the mean packet throughput of Operator A is max improved by 49%
2.2 Scenario 2 Macro-Macro

Table2 Simulation results of Scenario2

	　
	　
	　
	Operator A (DL, Mbps)
	Operator B(UL, Mbps)

	λ
DL
	λ
UL
	Case type
	Avg.
	5%
	50%
	95%
	RU
(Macro cell %)
	Packet drop ratio(%)
	Avg.
	5%
	50%
	95%
	RU
(Macro cell %)
	Packet drop ratio(%)

	0.25
	0.25
	Case1
Gain(%)
	24.45
(0)
	14.58
(0)
	26.67
(0)
	26.85
(0)
	3.79
	0
	2.06
(0)
	0.75
(0)
	2.04
(0)
	3.65
(0)
	38.78
	2.15

	
	
	Case2
Gain(%)
	28.79
(+17.75)
	18.35
(+25.86)
	31.25
(+17.17)
	31.5
(+17.32)
	3.35
	0
	1.48
(-28.16)
	0.48
(-36)
	1.42
(-30.39)
	2.55
(-30.14)
	55.00
	56.62

	
	
	Case3
Gain(%)
	31.53
(+28.96)
	19.02
(+30.45)
	34.78
(+30.41)
	34.78
(+29.53)
	3.17
	0
	1.34
(-34.95)
	0.45
(-40)
	1.39
(-31.86)
	2.43
(-33.42)
	58.35
	64.34

	0.5
	0.25
	Case1
Gain(%)
	20.2
(0)
	9.96
(0)
	20.41
(0)
	26.76
(0)
	12.08
	0
	2.06
(0)
	0.73
(0)
	2.02
(0)
	3.64
(0)
	38.76
	2.35

	
	
	Case2
Gain(%)
	23.75
(+17.57)
	12.68
(+27.31)
	24.3
(+19.06)
	30.63
(+14.46)
	10.70
	0
	0.36
(-82.52)
	0
(-100)
	0.12
(-94.06)
	1.22
(-66.48)
	59.40
	100

	
	
	Case3
Gain(%)
	26.04
(+28.91)
	13.04
(+30.92)
	26.51
(+29.89)
	34.78
(+29.97)
	10.48
	0
	0
(-100)
	0
(-100)
	0
(-100)
	0
(-100)
	63.33
	100

	1
	0.25
	Case1
Gain(%)
	15.24
(0)
	5.56
(0)
	15.27
(0)
	23.11
(0)
	31.80
	0
	2.06
(0)
	0.75
(0)
	2.02
(0)
	3.64
(0)
	38.75
	0

	
	
	Case2
Gain(%)
	18.9
(+24.02)
	7.12
(+28.06)
	18.74
(+22.72)
	26.12
(+13.02)
	28.49
	0
	0
(-100)
	0
(-100)
	0
(-100)
	0
(-100)
	61.32
	100

	
	
	Case3
Gain(%)
	20.02
(+31.36)
	7.78
(+39.93)
	20.06
(+31.37)
	29.82
(+29.04)
	28.14
	0
	0
(-100)
	0
(-100)
	0
(-100)
	0
(-100)
	63.39
	100

	0.25
	0.5
	Case1
Gain(%)
	22.77
(0)
	12.51
(0)
	24.68
(0)
	26.85
(0)
	4.75
	0
	1.77
(0)
	0.68
(0)
	1.69
(0)
	3.17
(0)
	71.64
	14.31

	
	
	Case2
Gain(%)
	26.03
(+14.32)
	15.10
(+20.70)
	28
(+13.45)
	30.87
(+14.97)
	4.26
	0
	1.07
(-39.55)
	0
(-100)
	1
(-40.83)
	2.28
(-28.08)
	83.98
	79.5

	
	
	Case3
Gain(%)
	30.16
(+32.45)
	16.16
(+29.18)
	33.61
(+36.18)
	34.78
(+29.53)
	3.74
	0
	0.98
(-44.63)
	0
(-100)
	0.81
(-52.07)
	1.8
(-43.22)
	89.69
	81.6

	0.5
	0.5
	Case1
Gain(%)
	19.34
(0)
	8.42
(0)
	19.74
(0)
	27.78
(0)
	13.76
	0
	1.76
(0)
	0.66
(0)
	1.68
(0)
	3.16
(0)
	71.64
	14.22

	
	
	Case2
Gain(%)
	22.17
(+14.63)
	10.41
(+23.63)
	22.69
(+14.94)
	31.25
(+12.49)
	12.12
	0
	0
(-100)
	0
(-100)
	0
(-100)
	0
(-100)
	86.14
	94.58

	
	
	Case3
Gain(%)
	25.03
(+29.42)
	11.35
(+34.80)
	25.76
(+30.50)
	34.78
(+25.20)
	10.73
	0
	0
(-100)
	0
(-100)
	0
(-100)
	0
(-100)
	90.49
	100

	1
	0.5
	Case1
Gain(%)
	15.24
(0)
	6.18
(0)
	15.23
(0)
	23.15
(0)
	28.56
	0
	1.76
(0)
	0.65
(0)
	1.67
(0)
	3.16
(0)
	71.64
	14.41

	
	
	Case2
Gain(%)
	18.64
(+22.31)
	8.48
(+37.22)
	18.89
(24.03)
	27.17
(+17.37)
	28.18
	0
	0
(-100)
	0
(-100)
	0
(-100)
	0
(-100)
	86.88
	100

	
	
	Case3
Gain(%)
	19.85
(+30.25)
	9.6
(+55.34)
	19.86
(+30.40)
	29.76
(+28.55)
	24.10
	0
	0
(-100)
	0
(-100)
	0
(-100)
	0
(-100)
	91.22
	100


For Table2, UL performance of Operator B in scenario2:

· in case Operator B uses TDD UL/DL configuration 2 and Operator A uses TDD UL/DL configuration 5,
· the 5% packet throughput of Operator B is max degraded by 100%
· the 50% packet throughput of Operator B is max degraded by 100%
· the 95% packet throughput of Operator B is max degraded by 100%
· the mean packet throughput of Operator B is max degraded by 100%
· the packet drop ratio is 95%
· in case Operator B uses TDD UL/DL configuration 2 and Operator A uses a new configuration of 10:0:0,
· the 5% packet throughput of Operator B is max degraded by 100%
· the 50% packet throughput of Operator B is max degraded by 100%
· the 95% packet throughput of Operator B is max degraded by 100%
· the mean packet throughput of Operator B is degraded by 100%
· the packet drop ratio is 97%
For Table2, DL performance of Operator A in scenario2:

· comparing the DL performance of Operator A using TDD UL/DL configuration 5 vs. TDD UL/DL configuration 2,
· the 5% packet throughput of Operator A is max improved by 37%
· the 50% packet throughput of Operator A is max improved by 22%
· the 95% packet throughput of Operator A is max improved by 17%
· the mean packet throughput of Operator A is max improved by 24%
· comparing the DL performance of Operator A using TDD UL/DL configuration 5 vs. a new TDD UL/DL configuration of 10:0,
· the 5% packet throughput of Operator A is max improved by 55%
· the 50% packet throughput of Operator A is max improved by 36%
· the 95% packet throughput of Operator A is max improved by 30%
· the mean packet throughput of Operator A is max improved by 32%
The both simulation results show some gain for Operator A in DL UPT, with the cost of Operator B’s UL performance. For scenarios 1 with new configuration, Operator A can achieve 45% DL throughput, while the Operator B’s UL performance drops 33%. For scenario 2 with new configuration, the Operator A achieve DL throughput with much higher performance loss for the Operator B in UL. For certain λ ratio, UL for Operator B can be totally blocked. However, if the legacy configuration is used (e.g. case 2), the impact to operator B is much smaller and make more useful co-existence deployment cases.

In scenario2, UE power control is set with same parameter as that for scarnaio1. It is also expect that lower UE transmitting power will further degraded the Operator B’s UL performance.
Observations: For outdoor Pico-Macro scenario, heavy interference can be found at operator B’s BS side. Using legacy TDD configuration can have more co-existence deployment cases. For Macro-Macro scenario, heavy interference can be also found at operator B’s BS side and operator B can be totally blocked, is it not acceptable for deployment.
3. Conclusion
In the contribution, system-level simulation is performed and simulation results are provided in order to help evaluating the additional TDD configuration’s effect on the system. Taking the simulation results into consideration, the following observations are derived.
Observations: For outdoor Pico-Macro scenario, heavy interference can be found at operator B’s BS side. Using legacy TDD configuration can relieve the interference situation. For Macro-Macro scenario, more serious situation are found at operator B’s BS side where the interference level is not acceptable for deployment.
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ANNEX
A. ACIR
Table1.ACIR Parameter
	Parameter
	Assumption

	ACIR BS-BS
	43dB

	ACIR BS-UE
	33dB

	ACIR UE-BS
	30dB

	ACIR UE-UE
	28dB

	Note: BS includes Macro eNB and low power nodes.


B. Path loss model

Table2.Path loss Parameter
	Case
	Path loss model

	Macro- outdoor Pico

	Macro-outdoor Pico
	PLLOS(R) = 100.7+23.5log10(R)

PLNLOS(R) = 125.2+36.3log10(R) For 2GHz, R in km.

Case 1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.072))+exp(-R/0.072)

	Macro-UE
	PLLOS(R)=103.4+24.2log10(R)

PLNLOS(R)= 131.1+42.8log10(R)  
For 2GHz, R in km.

Case 1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)

	Outdoor Pico-UE
	PLLOS(R)=103.8+20.9log10(R)

PLNLOS(R)=145.4+37.5log10(R)  
For 2GHz, R in km

Case 1: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

	Outdoor UE-outdoor UE
	If R<=50m;PL=98.45+20*log10(R),R in km

If R>50m;PL=40log10(R)+175.78, R in km

	Macro-Macro

	Macro BS to Macro BS
	PL=98.45+20*log10(R),R in km               

	Macro-UE
	PLLOS(R)=103.4+24.2log10(R)

PLNLOS(R)= 131.1+42.8log10(R)  For 2GHz, R in km.

Case 1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)


C. UE parameters
Table3.UE Parameters
	Parameter
	Assumption

	UE Antenna gain
	0 dBi

	UE Noise Figure
	9 dB

	UE power class
	23 dBm (200 mW)

	UE antenna configuration
	1 Tx, 2 Rx

	UL Power control 
	Macro UE: P0 = -82 dBm; alpha = 0.8

Pico UE: P0 = -76 dBm,alpha = 0.8

	Minimum distance between UE and cell
	Macro BS-UE >= 35 m
Outdoor Pico-UE  >= 5 m

	UE distribution
	100% of UEs are outdoor


D. Macro parameters
Table4.Macro Parameters
	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 3 sectors per site

	System bandwidth
	10MHz

	Carrier frequency
	2.7 GHz

	Inter-site distance
	500 m

	Number sites
	19sites (=57 cells) with wrap-around.

	Macro UE number
	20ues per cell 

Randomly and uniformly dropped per Macro cell

	Shadowing standard deviation
	8 dB

	Penetration Loss 
	0 dB

	BS antenna gain after cable loss
	15 dBi

	Antenna pattern for Macro eNBs to UEs (horizontal 2D)
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 = 65 degrees, Am = 20 dB (65 degree horizontal beamwidth)

	BS noise figure 
	5 dB 

	Total BS TX power (Ptotal)
	46 dBm


E. Pico parameters
Table5.Pico Parameters
	Parameter
	Assumption

	Macro deployment


	The typical 19cell and 3-sectored hexagon system layout

Note that macro cells are deployed but not activated

	System bandwidth
	10MHz

	Carrier frequency
	2.7GHz

	Pico number
	4 Picos/cell

	LPN UE per Pico
	10UEs/Pico, cluster 

Uniformly dropped around each of the Pico cells within a radius of 40m

	Pico type 
	Hotzone

	Pico TX power (Ptotal)
	24dBm

	Pico antenna pattern
	Omni-direction

	Pico antenna gain 
	5dBi

	Pico radius 
	40m

	Minimum distance between Pico and Pico
	20m 

	Minimum distance between Pico and Macro from the same operator
	75m

	Minimum distance between Pico and Macro from different operators
	35

	Pico noise figure
	13dB

	Penetration loss
	0dB


F. Other parameters
Table6.Other evaluation assumptions
	Parameters
	Assumptions

	SDL configure:
DL CSI feedback
	DL CSI modeled as following:
-- PUCCH mode 1-1, wideband CQI/PMI reported every 10ms
-- CSI reporting based on ideal channel estimation and ideal interference estimation in the reported subframe
-- A minimum 5ms CSI feedback delay is modeled 
-- Error free feedback 

	TDD configure:
DL/UL CSI feedback
	DL CSI modeled as following:
-- wideband CQI; channel based on SRS reciprocity 

--CSI reported every 10ms

	RSRQ
	3dB

	Channel estimation
	Ideal 

	Receiver type
	MMSE-IRC receiver

	UL modulation order
	{QPSK, 16QAM, 64QAM}

	Traffic model
	· FTP model 3 , High load traffic model
· Independent traffic modeling for DL and UL per UE

· 0.5Mbytes file size                       

	Packet drop time
	The packet drop time is model according to 36.814 (8s for 0.5MB).

	HARQ retransmission scheme
	CC 

	Control channel and reference signal overhead
	DL:
• Overhead for CRS according to 36.211;
• Overhead for PDCCH: 2 OFDM symbols;
UL:
• Overhead for SRS defined above; 1 OFDM symbol per 10ms
• Overhead for PUCCH: 2 PRBs;
• Overhead for UL DMRS: 2 symbols per subframe.   

	Macro site offset between operators
	A cell raduis
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