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1
Introduction
In RAN4 #59AH, we presented the system simulation results for interference analysis in TDD systems with different UL-DL configurations in different cells for the following deployment scenarios in [1], including:
· Homogeneous deployments
· Macro-Macro of a single operator, co-channel and adjacent channel case
· Macro-Macro of multiple operators, adjacent channel

· Femto-femto, co-channel and adjacent channel case
· Heterogeneous deployments
· Macro-femto, co-channel and adjacent channel case
In this contribution, we provide further evaluation results for the following scenarios with Pico deployments:
· Homogeneous deployments
· Outdoor Pico-Outdoor Pico, co-channel and adjacent channel case

· Indoor Pico-Indoor Pico, co-channel and adjacent channel case

· Heterogeneous deployments
· Macro-Outdoor Pico, co-channel and adjacent channel case

· Macro-Indoor Pico, co-channel and adjacent channel case
In additional, the deterministic calculations for indoor Pico scenarios, which are not covered in [9], are also presented in this contribution to achieve a comprehensive observation for Pico scenarios. 
2
System simulation methodology
For each of the Pico deployment scenarios studied in this contribution, the simulation setup is described in this section. The DL/UL geometry is the output metric of the system evaluations.

· Macro-Outdoor Pico, co-channel and adjacent channel case

A 19-cell and 3-sectored hexagon system layout is simulated for Macro cells. Four Pico cells are randomly dropped per sector, with 10 UEs dropped around each of the Pico cells within a radius of 40 m. 20 Macro UEs (MUEs) are randomly and uniformly dropped per sector. Each UE determines its serving cell based on the strongest RSRP. Fractional open-loop UL power control [5] without closed-loop TPC is applied for both MUEs and PUEs. The detailed simulation parameters are provided in the Appendix. 

The Macro cells are of the same transmission direction. Half of the outdoor Pico cells (randomly picked) are of different transmission directions, i.e. DL or UL transmissions. The interference to a DL transmission measured at a UE comprises the interference from eNBs with DL transmission and interference from UEs with UL transmission, including both the Macro and outdoor Pico cells. The interference to an UL transmission measured at an eNB comprises the interference from eNBs with DL transmission and interference from UEs with UL transmission, including both the Macro and outdoor Pico cells. For the co-channel deployment, only one carrier is considered, i.e. the Macro and outdoor Pico cells are on the same carrier. For adjacent channel deployment, two adjacent carriers are considered, where Macro cells operate on one carrier and the outdoor Pico cells operate on the other carrier. Another adjacent channel deployment studied in this contribution is to have all Macro cells of the same transmission direction and all outdoor Pico cell of the same transmission direction, with different transmission directions between Macro and Pico cells. It is noted that the DL and UL geometry for both MUEs and PUEs are provided in the evaluations.
· Macro-Indoor Pico, co-channel and adjacent channel case

A 19-cell and 3-sectored hexagon system layout is simulated for Macro cells. Four indoor Pico cells are randomly dropped per sector. Each indoor Pico cell covers one indoor hotspot, which consists of a single building floor with 6m of height as in Figure 1. The floor contains 16 rooms of 15 m x 15 m each and a long hall of 120 m x 20m. In each Pico cell, two Pico sites are placed in the middle of the hall at 30m and 90m with respect to the left side of the building.

Similar to the outdoor Pico scenario, there are 10 UEs randomly and uniformly dropped within the range of 120m x 50m. 20 Macro UEs (MUEs) are randomly and uniformly dropped in each Macro cell. Each UE determines its serving cell based on RSRP. Fractional open-loop UL power control [5] without closed-loop TPC is applied for both MUEs and PUEs. The detailed simulation parameters are provided in the Appendix. 

[image: image1.emf]
Figure 1: Sketch of indoor hotspot environment

The Macro cells are of the same transmission direction. Half of the indoor Pico cells (randomly picked) are of different transmission directions, i.e. DL or UL transmissions. The two Pico sites in the same Pico cell have the same direction. The simulation setup and output curves for the co-channel and adjacent channel deployment in the Macro-Indoor Pico case are the same as that of the Macro-Outdoor Pico, except that Outdoor Pico cells are replaced by Indoor Pico cells. 
· Outdoor Pico-Outdoor Pico, co-channel and adjacent channel case
Outdoor Pico cells and UE locations are determined as described in the above Macro-Outdoor Pico case. Half of the Pico cells (randomly picked) are of different transmission directions, i.e. DL or UL transmissions. The interference to a DL transmission measured at a UE comprises the interference from Pico cells with DL transmission and interference from UEs with UL transmission. The interference to an UL transmission measured at a Pico comprises the interference from Pico cells with DL transmission and interference from UEs with UL transmission. For the co-channel deployment, only one carrier is considered, i.e. the signal and interference are on the same carrier. For adjacent channel deployment, two carriers are considered, where the interference generated by the opposite transmission direction is on an adjacent channel of the signal carrier. More details of the simulation assumptions are provided in the Appendix.
· Indoor Pico-Indoor Pico, co-channel and adjacent channel case
The simulation setup and output curves for the co-channel and adjacent channel deployment in the Indoor Pico-Indoor Pico case are the same as that of the Outdoor Pico-Outdoor Pico case, except that Outdoor Pico cells are replaced by Indoor Pico cells. Indoor Pico cells and UE locations are determined as described in the above Macro-Indoor Pico case.
3 Simulation results for homogeneous deployments
3.1 Outdoor Pico-Outdoor Pico deployment
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Figure 2: UL geometry, co-channel (left) and adjacent-channel (right)
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Figure 3: DL geometry, co-channel (left) and adjacent-channel (right)

Figures 2 and 3 show the outdoor Pico UE UL and DL geometry respectively, including both co-channel and adjacent channel scenarios. Figure 2 indicates that the outdoor Pico UE UL geometry with DL-UL interference is degraded significantly compared to the baseline, due to strong Pico-to-Pico interference if different TDD UL-DL configurations are applied in different Pico cells. For adjacent channel deployment, with additional interference attenuation due to ACIR, the Pico UE UL geometry could even improve upon the baseline. Figure 3 indicates that the outdoor Pico UE DL geometry with different transmission directions in different cells improves upon the baseline, since the interference from UE UL transmission can be smaller than the interference from Pico DL transmission.

3.2 Indoor Pico-Indoor Pico deployment 
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Figure 4: UL geometry, co-channel (left) and adjacent-channel (right)
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Figure 5: DL geometry, co-channel (left) and adjacent-channel (right)

Figures 4 and 5 provide the UL and DL geometry for indoor Pico-indoor Pico deployment. Different from the observations of the outdoor Pico-outdoor Pico deployment, applying different TDD UL-DL configurations does not impact the indoor Pico UE UL and DL geometry compared to the baseline for both co-channel and adjacent deployments.
4
Simulation results for heterogeneous deployments
4.1 Macro-Outdoor Pico deployment
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Figure 6: UL geometry, co-channel (left) and adjacent-channel (right)
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Figure 7: DL geometry, co-channel (left) and adjacent-channel (right)

Figure 6 and 7 show the UL and DL geometry for MUEs and PUEs, including both co-channel and adjacent channel scenarios. The following observations can be made:

· For MUE UL geometry, the DL-UL interference caused by the opposite transmission direction in the outdoor Pico cells impacts the MUE UL geometry evidently compared to the baseline without opposite transmission directions for co-channel deployment. For adjacent channel deployment, the degradation is reduced due to ACIR.

· For MUE DL geometry, the DL-UL interference caused by the opposite transmission direction in the outdoor Pico cells does not impact the MUE DL geometry significantly, compared to the baseline without opposite transmission directions. 
· For PUE UL geometry, the DL-UL interference caused by the opposite transmission direction in other outdoor Pico cells degrades the PUE UL geometry, assuming the MUEs are performing UL transmissions. On the other hand, for PUE UL geometry, if the MeNBs are performing DL transmission, the DL-UL interference caused by Macro cells further degrades the PUE UL geometry, especially in the co-channel deployment, as shown in Figure 6. It shall be noted that the PUE UL geometry is not smooth when “all Macro cells UL and Pico cells UL/DL random”, in which the PUE UL geometry is divided to two parts. The first part includes about 25-30% PUEs with very low UL geometry due to close-by interfering Pico cells with different transmission directions. The second part includes about 70% of PUEs with acceptable UL geometry, since there does not exist close-by interfering Pico cells with different transmission directions. Since Pico cell deployments are easier for operators to control, it is possible to ensure that only Pico cells sufficiently separately geographically can apply different UL-DL configurations.
· For PUE DL geometry, the DL-UL interference caused by the opposite transmission direction in other outdoor Pico cells does not impact the PUE DL geometry significantly, if the MeNBs are performing DL transmission. The PUE DL geometry improves compared to the baseline, if the MUEs are performing UL transmission as shown in Figure 7, since the interference generated by the MUE can be smaller than the interference generated by the Macro eNB to the PUE DL transmission.
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Figure 8: Adjacent-channel, UL geometry (left) and DL geometry (right)

Figure 8 presents the UL and DL geometry for both MUEs and PUEs with adjacent channel deployment, in which the Macro cells and the Pico cells are of the different transmission directions, and there are no opposite transmission directions in the same layer (i.e. the Macro cells or the Pico cells). For MUE and PUE UL geometry, the DL interference caused by the opposite transmission direction in the other layer degrades the MUE and PUE UL geometry compared to the baseline without opposite transmission directions, since the interference from Pico or Macro DL transmission is larger than the interference from UE UL transmission even with the ACIR attenuation.
4.2 Macro-Indoor Pico deployment
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Figure 9: UL geometry, co-channel (left) and adjacent-channel (right)
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MUE baseline: all Macro and Pico cells DL
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Figure 10: DL geometry, co-channel (left) and adjacent-channel (right)

Figures 9 and 10 show the UL and DL geometry for MUEs and PUEs, including both co-channel and adjacent channel scenarios, with the following observations:
· For MUE UL geometry, the DL-UL interference caused by the opposite transmission direction in the indoor Pico cells degrades the MUE UL geometry for co-channel deployment, but does not impact the MUE UL geometry compared to the baseline without opposite transmission directions due to ACIR. 
· For MUE DL geometry, the DL-UL interference caused by the opposite transmission direction in the Pico cells does not impact the MUE DL geometry compared to the baseline without opposite transmission directions.

· For PUE UL geometry, the DL-UL interference caused by the opposite transmission direction in other indoor Pico cells does not impact the PUE UL geometry, if the MUEs are performing UL transmissions. If the MeNBs are performing DL transmissions, the DL-UL interference caused by Macro significantly degrades the PUE UL geometry, especially in the co-channel deployment, as shown in Figure 9. 

· For PUE DL geometry, the DL-UL interference caused by the opposite transmission direction in other indoor Pico cells does not impact the PUE DL geometry, if the MeNBs are performing DL transmissions. For co-channel deployment, the PUE DL geometry improves compared to the baseline, if the MUEs are performing UL transmission as shown in Figure 10 (left), since the interference generated by the MUE can be smaller than the interference generated by the Macro eNB to the PUE DL transmission.
5 Deterministic analysis for indoor Pico

The criteria used for indoor Pico is the same as [9] except that the antenna gain of indoor Pico is assumed as 2dBi and the propagation model for Macro-to-indoor Pico and indoor Pico-to-indoor Pico are the Los model of Macro-indoor UE and indoor Pico-indoor UE respectively. The detail of propagation models could be found in appendix.
The required minimum separation distances for indoor Pico-to-indoor Pico and Macro-to-indoor Pico are listed in Table 1 and Table 2 respectively.
Table1: Required minimum separation distance (km) for indoor Pico-to- indoor Pico
	Interference mechanism
	Requirement 1: 7 dB lower than noise floor
	Requirement 2: Interference signal mean power in dynamic range

	Co-channel
	0.66
	0.017

	1st adjacent channel
	0.002
	4.79e-5


Observation 1: The deterministic analysis with either requirement 1 or requirement 2 indicates that a certain minimum separation distance is required for co-channel deployment with different TDD DL-UL configurations in different indoor Pico cells, whereas adjacent channel deployment should be practical.
Table2: Required minimum separation distance (km) for Macro-to-indoor Pico
	Interference mechanism
	Requirement 1: 7 dB lower than noise floor
	Requirement 2: Interference signal mean power in dynamic range

	Co-channel
	Macro->Pico
	37
	2.8

	
	Pico->Macro
	9.9
	0.75

	1st adjacent channel
	Macro->Pico
	0.624
	0.047

	
	Pico->Macro
	0.165
	0.0125


Observation2: The deterministic analysis with either requirement 1 or requirement 2 indicates that impractical minimum separation distance is required for co-channel deployment with different TDD DL-UL configurations between Macro and indoor Pico cells, whereas adjacent channel deployment could be more practical. 
6
Conclusion
In this contribution, we provided evaluation results on the UL and DL geometry via system simulation for Pico deployment scenarios with different TDD UL-DL configurations in different cells. Scenarios include homogeneous and heterogeneous networks, as well as co-channel and adjacent channel deployments. Both outdoor Pico and indoor Pico are considered. There are some observations from the evaluation results:

· For Macro- outdoor Pico scenario, if allowing different TDD UL-DL configurations in different Pico cells, the PUE UL geometry degrades significantly compared with the case without DL-UL interference. Additional mechanisms to reduce DL-UL interference are beneficial.
· For Macro-indoor Pico scenario, it is possible to apply different TDD UL-DL configurations in different Pico cells for adjacent channel, because there are no impact on both MUE and PUE UL/DL geometry.
· For outdoor Pico-outdoor Pico scenario, it is feasible to have different TDD UL-DL configurations in different Pico cells for adjacent channel deployment. For close-by Pico cells, it is better to have the same TDD UL-DL configuration to reduce the DL-UL interference, e.g. via operator control.
· For indoor Pico-indoor Pico scenario, allowing different TDD UL-DL configurations in different Pico cells seems possible even for co-channel deployment.
In additional, the deterministic calculations for indoor Pico scenarios are also supplied. The observations derived from the calculation results of indoor Pico scenarios are the similar to the conclusions for outdoor Pico scenarios.
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8 Appendix: simulation assumptions
Table 1: Detailed system simulation assumptions for Outdoor Picos

	Parameter
	Assumption/Value

	MUE number
	20 UEs/cell uniform randomly distributed over the system

	Pico number
	4 Picos/cell

	PUE per Pico
	10UEs/Pico, cluster

	Total UE number per cell
	20+4*10 = 60

	UE cell selection manner
	RSRP

	UE severing cell selection
	Un-bias

	Pico type 
	Hotzone

	Pico TX power
	24dBm

	Pico antenna gain
	Omni-direction

	Pico radius
	40m

	Minimum distance between UE and Macro
	35m

	Minimum distance between UE and Pico
	10 m

	Minimum distance between Pico and Pico
	40m

	Minimum distance between Pico and Macro
	75m

	Pico deployment 
	random deployment 

	Penetration loss
	0dB

	Distance-dependent

Path loss(dB)
	Macro-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)

	
	Pico-Pico
	LOS: if R<2/3 km, PL(R)=98.4+20log10(R) 
else, PL(R)=101.9+40log10(R), R in km

NLOS: PL(R)= 40log(R)+169.36, R in km
Case 1: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03)) (The LOS Probability for Pico to Pico apply Relay-UE LOS Probability calculation formula)

	
	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)

	
	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=40log(R)+175.78, R in km (Xia model)

	Shadowing standard deviation
	Macro to UE
	8dB

	
	Pico to UE
	10dB

	
	UE to UE
	12 dB 

	
	Macro to Pico
	6 dB

	
	Pico to Pico
	6dB

	Shadowing correlation
	Between sites
	0.5

	
	Between cells per site
	1.0

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz

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

	BS antenna gain (incl. cable loss)
	15dBi 

	Pico antenna gain (incl. cable loss)
	5dBi 

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	eNB noise figure
	5dB

	Pico noise figure
	13dB

	PC
	Macro UE
	P0 = -82,alpha = 0.8

	
	Pico UE
	P0 = -76,alpha = 0.8


Table 2: Detailed system simulation assumptions for Indoor Picos

	Parameter
	Assumption/Value

	MUE number
	20 UEs/cell uniform randomly distributed over the system

	Pico number
	4 Picos/cell

	Pico BS number
	2 Pico BS/Pico

	PUE per Pico
	10UEs/Pico, uniform randomly dropped in the range of 120m*50m

	Total UE number per cell
	20+4*10 = 60

	UE cell selection manner
	RSRP

	UE severing cell selection
	Un-bias

	Pico type 
	Indoor

	Pico TX power
	24dBm

	Pico antenna gain
	Omni-direction

	Minimum distance between UE and Macro
	35m

	Minimum distance between UE and Pico
	2 m

	Minimum distance between Pico and Macro
	75m

	Penetration loss
	20dB

	Distance-dependent

Path loss(dB)
	Macro-indoor Pico
(Macro - indoor UE)
	PLLOS(R)=103.4+24.2log10(R)+ Penetration loss
PLNLOS(R) = 131.1+42.8log10(R)+ Penetration loss, For 2GHz, R in km.

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

	
	Indoor Pico-indoor Pico(indoor UE to RRH in different Pico)
	PL(dB) =Max(131.1+42.8log10(R), 147.4+43.3log10(R))+ 2*Penetration loss
For 2GHz, R in km

	
	Macro-outdoor 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)

	
	Macro-indoor UE
	PLLOS(R)=103.4+24.2log10(R)+ Penetration loss
PLNLOS(R)= 131.1+42.8log10(R)+ Penetration loss For 2GHz, R in km.

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

	
	Indoor Pico-indoor UE
	PLLOS(R)= 89.5 + 16.9log10(R)
PLNLOS(R)= 147.4+43.3log10(R)
For 2GHz, R in km
Prob(R)=
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	Indoor Pico-outdoor UE
	PL(dB) =Max(131.1+42.8log10(R), 147.4+43.3log10(R))+ Penetration loss
For 2GHz, R in km

	
	Indoor UE

-indoor UE (indoor UE to RRH in different Pico)
	PL(dB) =Max(131.1+42.8log10(R), 147.4+43.3log10(R))+ 2*Penetration loss
For 2GHz, R in km

	
	Outdoor UE

-indoor UE(indoor Pico - outdoor UE)
	PL(dB) =Max(131.1+42.8log10(R), 147.4+43.3log10(R))+ Penetration loss
For 2GHz, R in km

	Shadowing standard deviation
	Macro to UE
	8dB 

	
	Pico to UE
	10dB

	
	UE to UE
	12 dB 

	
	Macro to Pico
	6 dB

	
	Pico to Pico
	6dB

	Shadowing correlation
	Between sites
	0.5

	
	Between cells per site
	1.0

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz

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

	BS antenna gain (incl. cable loss)
	15dBi 

	Pico antenna gain (incl. cable loss)
	2dBi 

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	eNB noise figure
	5dB

	Pico noise figure
	13dB

	PC
	Macro UE
	P0 = -82,alpha = 0.8

	
	Pico UE
	P0 = -76,alpha = 0.8
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