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1. Introduction

3GPP RAN WG4 is currently performing a study on Home NodeB (HNB). This contribution presents performance analyses under the coexistence scenarios, including the scenario #1~#4 described [1]. Both co-channel (HNB is re-using one of the macro frequencies) and adjacent channel (HNB is operating on a frequency that is ±5 MHz from the closest macro frequency) deployment options are studied. Analyses and simulations are provided to show the coverage and capacity under different HNB output power. 

2. Scenario and Assumptions
2.1 Scenarios

The scenarios of HNB coexistence wit Macro Networks in this document are as following.

(1) co-channel Macro cells’s impact on the HNB
In this scenario, we will study the performance of the HNB affected by the macro layer network in co-channel. Different output powers of HNB are given to study how much power HNB needs to guarantee its coverage under Macro cells’ different interferences.
(2) co-channel HNBs’ Impact on the Macro cells
In this scenario, we will study the impact from co-channel HNBs on the radio environment for macro layer network. Both uplink and downlink of macro NodeBs will be in study.

(3) Adjacent-channel Macro cells impact on the HNB
In this scenario, we will study the performance of the HNB affected by the macro layer network in adjacent-channel.

(4) Adjacent -channel HNBs’ Impact on the Macro cells
In this scenario, we will study the impact from adjacent-channel HNBs on the radio environment for the macro layer network.

2.2 Methodology
Simulations and analyses will be provided in this document. When we study the influence from HNB on macro cells, the HNBs will normally be distributed in the whole coverage of the macro cells in some density. 

2.3 Antenna Pattern

Macro network uses standard 65° 3-cell antenna with max antenna gain of 18dBi. HNB uses a standard omni-antenna and antenna gain is 0dBi. 
2.4 Propagation Model

Macro network propagation model is Cost231-hata model as following.
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HNB propagation model
The propagation model is used as following:
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Where, carrier frequency is 2170MHz and the unit of propagation distance d is meter. As we know, the first two part of this formula, 39+20log(d), is the path loss of free space. C is a correction to free space path loss, which is due to such facts:
 (1) As HNB is usually placed on table, its signal is more easily shaded by bodies or furniture than that of indoor distribution system which antenna is placed on ceilings generally. 

(2) The transmit efficiency of HNB antenna and receive efficiency of UE antenna are not 100%, which gives additional loss (about 2~3dB).

(3) Usually there is some polarization mismatch between UE antenna and HNB antenna, which gives additional loss.

Based on results of several indoor measurements, the correction C is set to 10dB.

The pilot power is 10% of the Tx power. HNB antenna gain and UE antenna gain both are considered to be 0dBi. The slow fading margin is to be 7dB.
The additional penetration loss should be taken into account. Generally the external wall of the house apartment is 10~20dB.
3. Study Results
The output power of HNB is decided by some factors, including coverage requirements, capacity requirements. If the macro interference is heavy, more HNB output power is needed to maintain the coverage in cell edge. Bigger the output power of HNB is, more influence to macro networks will be. So from the point of radio performance, the analyses about the interactional relationship are given here.
Scenario 1: co-channel Macro cells impact on the HNB
For the macro the following assumption about Ec/Io and RSCP for various house types shall be considered:

Ec/Io = -6dB, RSCP = -75dBm, equal to Io =-69dBm

Ec/Io = -8dB, RSCP = -85dBm, equal to Io =-77dBm

Ec/Io = -10dB, RSCP = -95dBm, equal to Io =-89dBm
Ec/Io= -12dB RSCP = -105dBm, equal to Io =-93dBm

In following simulation result, the HNB coverage radius is given according to the edge of best serving area of HNB. The best serving area of HNB is defined as the area where pilot quality of HNB is the best. The Ec/Io is measured at the edge of best serving area of HNB. The power setting for pilot channel power is 10%.

From the simulation results, we could find that if the pilot power of HNB is fixed, with the increasing of macro interference, the coverage area of HNB deceases. Even in the worst case that macro network pilot is set Ec/Io = -6dB and RSCP = -75dBm, HNB could maintains its best serving area with coverage radius of 10m. If the HNB locates in the centre of the house, its coverage area is almost 300m2.
Table 1 Coverage radius under different HNB output power

	Macro pilot:
	HNB pilot power(dBm)
	0
	1.3
	5
	10

	Ec/Io = -6dB, RSCP = -75dBm
	coverage radius
	10
	10
	10
	10

	
	Ec/Io in coverage edge (dB)
	-11.4
	-11.3
	-11.3
	-11.3

	Ec/Io = -8dB, RSCP = -85dBm
	coverage radius
	10
	10
	10
	16

	
	Ec/Io in coverage edge (dB)
	-11.3
	-11.3
	-11.2
	-12.9

	Ec/Io = -10dB, RSCP = -95dBm
	coverage radius
	16
	18
	26
	37

	
	Ec/Io in coverage edge (dB)
	-13.7
	-13.7
	-13.7
	-13.7

	Ec/Io= -12dB RSCP = -105dBm
	coverage radius
	37
	41
	55
	83

	
	Ec/Io in coverage edge(dB)
	-14.6
	-14.6
	-14.6
	-14.6


Scenario 2: co-channel HNBs’ Impact on the Macro cells
HNB will be uniformly distributed in the macro networks. The density of HNBs is 69/km2, i.e. 180 HNBs/cell if the macro cell radius is 500m. For each HNB, there are 2 x voice + 1video + 1 x HSDPA simultaneous calls supported in this coverage.
We have following simulation result about impact of HNB on macro network. We could find that the impact of HNB on macro network uplink could be omitted. However the co-channel HNB’s impact on macro cell is obvious. 
Table 2 Simulation result about impact of HNB on macro network

	HNB pilot
	No AP
	0dBm
	5dBm
	10dBm

	Macro UL relative noise rise (dB)
	1
	0.01
	0.02
	0.3

	Macro relative simultaneous calls
	100.0%
	82.4%
	70.6%
	58.8%

	Macro HSDPA relative throughput
	100.0%
	65.2%
	58.0%
	39.1%


Scenario 3: adjacent-channel Macro cells impact on the HNB
The adjacent-channel interference between HNBs and macro cells is tightly related with ACIR.
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If the pilot channel power is 10% of transmit power of macro NodeB, and DL load is 50%, the adjacent-channel interference is calculated as following equation with macro BTS ACLR of 45dB and UE ACS of 33dB:
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Considering different macro cell pilot signal power, the following table gives the influence of macro cell on the users in cell edge of HNB, which is denoted by the deterioration of pilot Ec/Io. The RSCP of HNB in cell edge is -90dBm and the DL load is 50%.
Table 3 DL interference from adjacent-channel macro cells on user in HNB
	Macro cell 
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	the deterioration of HNB pilot Ec/Io(dB)

	-60
	-85.7
	1.87

	-70
	-95.7
	0.23

	-80
	-105.7
	0.02


In indoor environment, because of the penetration loss of external wall, the pilot RSCP of macro cell seldom exceeds -70dBm. We could find that the deterioration of HNB pilot Ec/Io is only 0.23dB. Thus the DL interference from adjacent-channel macro cells makes less influence on adjacent-channel HNB. 
If a macro cell user approaches HNB, the adjacent-channel interference could be calculated by following equation. It is noticed the frequency difference between uplink and downlink is omitted.
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The UE of macro cell transmits with max TX power of 21dBm. The pilot power of HNB is 5dBm. The ACS of HNB is 45dB. And the ACLR of UE is 33dB. Then we get following result.
Table 4 UL interference from the user of adjacent-channel macro cells on HNB

	Pilot RSCP of HNB
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	the adjacent-channel UL interference
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(dBm)

	-30
	35
	-46.7

	-40
	45
	-56.7

	-50
	55
	-66.7

	-60
	65
	-76.7

	-70
	75
	-86.7

	-80
	85
	-96.7

	-90
	95
	-106.7

	-100
	105
	-116.7


From the table, we could find that even if UE of macro cell transmits with max TX power, the adjacent-channel interference is only -106.7dBm at the cell edge where pilot RSCP of HNB is -90dBm.

Scenario 4: adjacent-channel HNBs’ Impact on the Macro cells
ACS of UE is 33dB. ACLR of HNB is 45dB, ACIR is 32.7dB. The following simulation results are gotten (pilot power is 5dBm). 
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Figure1 the coverage quality of macro cells influenced by different ACLR of HNB

4. Conclusion

This contribution has studied the co-existence between HNB and macro NodeB. The studies consider both co-channel and adjacent channel deployment scenarios.

The results for the co-channel deployment show the interference from HNB on macro cells can be reduced for example by lowering the HNB output power. But too low HNB output power may decrease the coverage range of HNB. If HNB will be introduced into the current WCDMA network, the loss of performance of macro cells should be considered.
The introduction of HNB carried on the adjacent channel will be easier. To decrease the interference, ACLR and ACS of HNB should be similar with the specification of local area BTS. Some method of downlink interference control could further improve the HNB performance also for the adjacent channel scenario.
In Annex the text proposal is provided to capture performance analyses about the HNB coexistence scenarios with macro cell.
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13 Annex A Coexistence Analysis Models
13.3 Performance Analytical Model Assumptions

13.3.1 Methodology
Simulations and analyses will be provided in this document. When we study the influence from HNB on macro cells, the HNBs will normally be distributed in the whole coverage of the macro cells in some density. 

13.3.2 Antenna Pattern

Macro network uses standard 65° 3-cell antenna with max antenna gain of 18dBi. HNB uses a standard omni-antenna and antenna gain is 0dBi. 
13.3.3 Propagation Model

Macro network propagation model is Cost231-hata model as following.
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HNB propagation model
The propagation model is used as following:
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Where, carrier frequency is 2170MHz and the unit of propagation distance d is meter. As we know, the first two part of this formula, 39+20log(d), is the path loss of free space. C is a correction to free space path loss, which is due to such facts:
 (1) As HNB is usually placed on table, its signal is more easily shaded by bodies or furniture than that of indoor distribution system which antenna is placed on ceilings generally. 

(2) The transmit efficiency of HNB antenna and receive efficiency of UE antenna are not 100%, which gives additional loss (about 2~3dB).

(3) Usually there is some polarization mismatch between UE antenna and HNB antenna, which gives additional loss.

Based on results of several indoor measurements, the correction C is set to 10dB.

The pilot power is 10% of the Tx power. HNB antenna gain and UE antenna gain both are considered to be 0dBi. The slow fading margin is to be 7dB.
The additional penetration loss should be taken into account. Generally the external wall of the house apartment is 10~20dB.
14 Annex B  Analysis of HNB interference on the Macro Layer in the Downlink
14.5 Summary of Huawei Results
The output power of HNB is decided by some factors, including coverage requirements, capacity requirements. The results for the co-channel deployment show the interference from HNB on macro cells can be reduced for example by lowering the HNB output power. But too low HNB output power may decrease the coverage range of HNB. If HNB will be introduced into the current WCDMA network, the loss of performance of macro cells should be considered.
The introduction of HNB carried on the adjacent channel will be easier. To decrease the interference, ACLR and ACS of HNB should be similar with the specification of local area BTS. Some method of downlink interference control could further improve the HNB performance also for the adjacent channel scenario.
Scenario: co-channel HNBs’ Impact on the Macro cells
HNB will be uniformly distributed in the macro networks. The density of HNBs is 69/km2, i.e. 180 HNBs/cell if the macro cell radius is 500m. For each HNB, there are 2 x voice + 1video + 1 x HSDPA simultaneous calls supported in this coverage.
We have following simulation result about impact of HNB on macro network. We could find that the impact of HNB on macro network uplink could be omitted. However the co-channel HNB’s impact on macro cell is obvious. 

Table 2 Simulation result about impact of HNB on macro network

	HNB pilot
	No AP
	0dBm
	5dBm
	10dBm

	Macro UL relative noise rise (dB)
	1
	0.01
	0.02
	0.3

	Macro relative simultaneous calls
	100.0%
	82.4%
	70.6%
	58.8%

	Macro HSDPA relative throughput
	100.0%
	65.2%
	58.0%
	39.1%


Scenario: adjacent-channel HNBs’ Impact on the Macro cells
ACS of UE is 33dB. If ACLR of HNB is 45dB, ACIR is 32.7dB. The following simulation results are gotten (pilot power is 5dBm).
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Figure the coverage quality of macro cells influenced by different ACLR of HNB
15 Annex C  Analysis of HNB interference on the Macro Layer in the Uplink

15.3 Summary of Huawei Results
Scenario: co-channel HNBs’ Impact on the Macro cells
HNB will be uniformly distributed in the macro networks. The density of HNBs is 69/km2, i.e. 180 HNBs/cell if the macro cell radius is 500m. For each HNB, there are 2 x voice + 1video + 1 x HSDPA simultaneous calls supported in this coverage.
We have following simulation result about impact of HNB on macro network. We could find that the impact of HNB on macro network uplink could be omitted. 

Table 2 Simulation result about impact of HNB on macro network

	HNB pilot
	No AP
	0dBm
	5dBm
	10dBm

	Macro UL relative noise rise (dB)
	1
	0.01
	0.02
	0.3


XX Annex X  Analysis of Macro cell interference on HNB
Scenario : co-channel Macro cells impact on the HNB
For the macro the following assumption about Ec/Io and RSCP for various house types shall be considered:

Ec/Io = -6dB, RSCP = -75dBm, equal to Io =-69dBm

Ec/Io = -8dB, RSCP = -85dBm, equal to Io =-77dBm

Ec/Io = -10dB, RSCP = -95dBm, equal to Io =-89dBm
Ec/Io= -12dB RSCP = -105 dBm, equal to Io =-93dBm

In following simulation result, the HNB coverage radius is given according to the edge of best serving area of HNB. The best serving area of HNB is defined as the area where pilot quality of HNB is the best. The Ec/Io is measured at the edge of best serving area of HNB. The power setting for pilot channel power is 10%.

From the simulation results, we could find that if the pilot power of HNB is fixed, with the increasing of macro interference, the coverage area of HNB deceases. Even in the worst case that macro network pilot is set Ec/Io = -6dB and RSCP = -75dBm, HNB could maintains its best serving area with coverage radius of 10m. If the HNB locates in the center of the house, its coverage area is almost 300m2.
Table 1 Coverage radius under different HNB output power

	Macro pilot:
	HNB pilot power(dBm)
	0
	1.3
	5
	10

	Ec/Io = -6dB, RSCP = -75dBm
	coverage radius
	10
	10
	10
	10

	
	Ec/Io in coverage edge (dB)
	-11.4
	-11.3
	-11.3
	-11.3

	Ec/Io = -8dB, RSCP = -85dBm
	coverage radius
	10
	10
	10
	16

	
	Ec/Io in coverage edge (dB)
	-11.3
	-11.3
	-11.2
	-12.9

	Ec/Io = -10dB, RSCP = -95dBm
	coverage radius
	16
	18
	26
	37

	
	Ec/Io in coverage edge (dB)
	-13.7
	-13.7
	-13.7
	-13.7

	Ec/Io= -12dB RSCP = -105dBm
	coverage radius
	37
	41
	55
	83

	
	Ec/Io in coverage edge(dB)
	-14.6
	-14.6
	-14.6
	-14.6


Scenario: adjacent-channel Macro cells impact on the HNB
The adjacent-channel interference between HNBs and macro cells is tightly related with ACIR.
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If the pilot channel power is 10% of transmit power of macro NodeB, and DL load is 50%, the adjacent-channel interference is calculated as following equation with macro BTS ACLR of 45dB and UE ACS of 33dB:
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Considering different macro cell pilot signal power, the following table gives the influence of macro cell on the users in cell edge of HNB, which is denoted by the deterioration of pilot Ec/Io. The RSCP of HNB in cell edge is -90dBm and the DL load is 50%.
Table 3 DL interference from adjacent-channel macro cells on user in HNB
	Macro cell 
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	-60
	-85.7
	1.87

	-70
	-95.7
	0.23

	-80
	-105.7
	0.02


In indoor environment, because of the penetration loss of external wall, the pilot RSCP of macro cell seldom exceeds -70dBm. We could find that the deterioration of HNB pilot Ec/Io is only 0.23dB. Thus the DL interference from adjacent-channel macro cells makes less influence on adjacent-channel HNB. 
If a macro cell user approaches HNB, the adjacent-channel interference could be calculated by following equation. It is noticed the frequency difference between uplink and downlink is omitted.
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The UE of macro cell transmits with max TX power of 21dBm. The pilot power of HNB is 5dBm. The ACS of HNB is 45dB. And the ACLR of UE is 33dB. Then we get following result.

Table 4 UL interference from the user of adjacent-channel macro cells on HNB

	Pilot RSCP of HNB
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	the adjacent-channel UL interference
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(dBm)

	-30
	35
	-46.7

	-40
	45
	-56.7

	-50
	55
	-66.7

	-60
	65
	-76.7

	-70
	75
	-86.7

	-80
	85
	-96.7

	-90
	95
	-106.7

	-100
	105
	-116.7


From the table, we could find that even if UE of macro cell transmits with max TX power, the adjacent-channel interference is only -106.7dBm at the cell edge where pilot RSCP of HNB is -90dBm.
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