3GPP TSG RAN Meeting #68
RP-150988
Malmö, SWEDEN, 15 – 18 June 2015
Agenda Item:
12.4.4
Source: 
NEC
Title:
P-CR on co-existence simulations
Document for:
Discussion
1.1. Introduction
This contribution proposes a text proposal for Section 5 of TR36.825 (RP-150519) to capture coexistence study results submitted to this meeting and their corresponding references.
1.2. Text proposal for TR36.825
=====================Start of text proposal========================
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5
Coexistence study with adjacent standalone TDD operations
<Editor:
This section lists the selected scenarios for coexistence study on intra-band adjacent LTE TDD operations using different UL/DL configurations, and contains the coexistence study.>
5.1
Scenarios

The following scenarios are selected to evaluate coexistence on intra-band adjacent LTE TDD operations using different TDD UL/DL configurations.
A.
Scenarios:

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

B.
Evaluation methodology: Deterministic and Monte Carlo simulation to evaluate impact to both Operator_A and Operator_B performance for both scenarios.
C.
Traffic model: Full buffer traffic
* Note: 2.7GHz was chosen based on average of all TDD frequency bands of interest. Results for this carrier frequency are deemed to be applicable to all TDD bands.
5.2
Inter-operator coexistence aspects

Co-existence issues between operators on adjacent carriers in the same geographical area are not expected at least for the following cases.
-
All operators on adjacent carriers use the same TDD UL-DL configurations and the radio frame and subframe are time synchronized between the operators.

-
All operators on adjacent carriers only use the downlink subframes and/or DwPTS, regardless of whether or not the radio frame and subframe are synchronized among the operators. Under this assumption, the following options for the TDD UL-DL configuration are considered for the operators:

-
10:0:0 TDD UL-DL configuration

-
Existing TDD UL-DL configuration or 9:1:0 TDD UL-DL configuration without any uplink transmission
-
Guard band is used between adjacent carriers of different operators.

NOTE:
Usage of guard band is detrimental to spectrum efficiency.
5.y
Coexistence study results
5.y.1

Deterministic analysis
The deterministic analysis calculates the minimum required separation distance between the aggressor eNB and the victim eNB. 

A tight requirement is that the acceptable eNB-to-eNB interference level is 7dB below the thermal noise floor, i.e.
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Note that the victim macro eNB noise figure is 5dB [Annex A].

A relax requirement is that the acceptable eNB-to-eNB interference level is set according to the dynamic range requirement. For system bandwidth of 10MHz, the acceptable eNB-to-eNB interference level is -79.5dBm with victim macro eNB.
Scenario 1: Outdoor Pico to Macro cell adjacent channel case:
Table 5.y.1-1: Deterministic analysis result of Scenario 1 [x]
	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)+2.6
PLNLOS(R) = 125.2+36.3log10(R)+2.6; 

R in km

	Minimum separation distance (tight requirement)
	1509m for LOS

276m for NLOS


Table 5.y.1-2: Required minimum separation distance (km) for macro to pico BS [x+2]
	Interference mechanism (Adjacent channel)
	Pathloss - LOS
	Pathloss - NLOS

	
	Tight requirement 
	Relaxed requirement 
	Tight requirement 
	Relaxed requirement 

	Pico->Macro
	1.502
	0.107
	0.275
	0.050


Table 5.y.1-3: minimum required separation distance between aggressor and victim eNBs [x+4]
	Scenario
	Agg. eNB Tx Power (dBm)
	Victim eNB acceptable interference (dBm) @10MHz
	Pathloss model (dB), R in km
	(Agg., Victim) eNB antenna gain (dBi)
	ACIR

(dB)
	Min required distance (km)

	1
	24
	Tight requirement:

-106.46
	LOS
	PLLOS(R) = 100.7+23.5log10(R)+2.6
	(5, 15)
	43
	1.503

	
	
	
	NLOS
	PLNLOS(R) = 125.2+36.3log10(R)+2.6
	
	
	0.275

	
	
	Relaxed requirement:

-79.5
	LOS
	PLLOS(R) = 100.7+23.5log10(R)+2.6
	
	
	0.107

	
	
	
	NLOS
	PLNLOS(R) = 125.2+36.3log10(R)+2.6
	
	
	0.050


Table 5.y.1-4: required minimum separation distance for Macro/outdoor pico [x+5]
	aggressor -> victim
	used path loss model
	minimum separation

 distance R (km)

	outdoor pico->Macro
	PLLOS (R) =100.7+23.5log10(R)+2.6
	1.51

	
	PLNLOS(R) = 125.2+36.3log10(R)+2.6
	0.28


Scenario 2: Macro to Macro cell adjacent channel case:
Table 5.y.1-5: Deterministic analysis result of Scenario 2 [x]
	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)+2.6 ,R in km

	Minimum separation distance (tight requirement)
	83.66km 


Table 5.y.1-6: Required minimum separation distance (km) for macro to macro BS [x+2]
	Interference mechanism ( Adjacent channel)
	Pathloss - LOS

	
	Tight requirement 
	Relaxed requirement 

	Macro->Macro
	83.185
	3.734


Table 5.y.1-7: minimum required separation distance between aggressor and victim eNBs [x+4]
	Scenario
	Agg. eNB Tx Power (dBm)
	Victim eNB acceptable interference (dBm) @10MHz
	Pathloss model (dB), R in km
	(Agg., Victim) eNB antenna gain (dBi)
	ACIR

(dB)
	Min required distance (km)

	2
	46
	Tight requirement:

-106.46
	PL=98.45+20*log10(R)+2.6
	(15, 15)
	43
	83.272

	
	
	Relaxed requirement:

-79.5
	
	
	
	3.737


Table 5.y.1-8: required minimum separation distance for Macro/Macro [x+5]

	aggressor -> victim
	used path loss model
	Minimum separation

distance R (km)

	Macro->Macro
	PL(R)=98.45+20*log10(R)+2.6
	83.66


Observations:
· In Scenario 1 (pico-Macro), the minimum BS site separation distance under the relaxed requirement is about 50 meters and 107 meters in the case of NLOS and LOS, respectively.

· In Scenario 1 (pico-Macro), the minimum BS site separation distance under the tight requirement is about 275 meters and 1500 meters in the case of NLOS and LOS, respectively.
· In Scenario 2 (Macro-Macro), the minimum BS site separation distance is about 3.8 km and 83.5 km under the relaxed and tight requirements, respectively.
5.y.2

Monte Carlo simulation
For coexistence evaluation, the following metrics are provided. The details of simulation assumptions are listed in Annex A.
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:
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Figure 5.y.2-1. Downlink geometry of Operator A [x]
Figure 5.y.2-2. Uplink geometry of Operator B [x]
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Figure 5.y.2-3. Scenario 1 – downlink SINR [x+1]
Figure 5.y.2-4. Scenario 1 – uplink SINR [x+1]
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Figure 5.y.2-5. Pico downlink geometry [x+2]
Figure 5.y.2-6. Macro uplink geometry [x+2]
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Figure 5.y.2-7. Pico downlink geometry [x+3]
Figure 5.y.2-8. Macro uplink geometry [x+3]
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Figure 5.y.2-9. Victim (Operator A) DL geometry [x+4]
Figure 5.y.2-10. Victim (Operator B) UL geometry [x+4]
Scenario 2: Macro to Macro cell adjacent channel case:
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Figure 5.y.2-11. Downlink geometry of Operator A [x]
Figure 5.y.2-12. Uplink geometry of Operator B [x]
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Figure 5.y.2-13. Scenario 2 – downlink SINR [x+1]
Figure 5.y.2-14. Scenario 2 – uplink SINR [x+1]
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Figure 5.y.2-15. Macro downlink geometry [x+3]
Figure 5.y.2-16. Macro uplink geometry [x+3]
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Figure 5.y.2-17. Victim (Operator A) DL geometry [x+4]
Figure 5.y.2-18. Victim (Operator B) UL geometry [x+4]
Observations for Scenario 1:
· There is a small impact of 3-4 dB on the pico network DL when the Macro network is in DL as well. The signal power level of the pico nodes is less than the Macro ones and this makes pico DL geometry impacted when the Macro network is in DL.
· The Macro network sees 5 dB degradation in UL geometry when the pico network is using DL. Comparing to the UL geometry of the Macro-Macro scenario, the impact is much less as UEs are closer to pico base stations and pico base stations are transmitting with less power.
Observations for Scenario 2:

· 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.
· Uplink geometry of Macro UEs is significantly decreased due to Macro BS-Macro BS interference.
Conclusion:

· It is not likely the new 10:0:0 TDD configuration could be used in a Macro network deployment.
· The new 10:0:0 TDD configuration could be used in a pico network deployment when adopting sufficient interference mitigation mechanism, e.g. based on BS antenna downtilting, UE/eNB sensing schemes and/or other schemes described in Section 6.X.
======================End of text proposal=========================
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