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Introduction
The following is a text proposal for TR 25.820 v1.0.0 section 5.3 Interference Scenarios.  The proposed changes to this section merge Appendices A through D into the results section 5.3.   Having incorporated the content of the Appendices, Section 5.3 must now provide an outline of the analysis performed as part of the HNB-study item.

In RAN4, our discussions have focussed less on the simulation results themselves, but rather on what needs to be simulated.  The contributions reflect a wide range of concerns which has lead to a diversity of simulation results.

This is to be expected given the maturity of the Home Node B concept.  It will not be possible to force input from all contributors using the same assumption; instead, the range of results must be presented in a useful manner that allows a reader to navigate through the range of input.  The list of Interference Scenarios in Section 5.3 captures the range of concerns and breaks the problem down into separate RF related issues.

To list of reference is also updated in this section to capture the additional material since the last version of the TR.
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5.3 Interference Scenarios

Home Node B’s enhance the coverage of a UMTS Radio Access Network in the home environment. However, it is not feasible to completely control the deployment of the HNB layer within the UMTS RAN.  Therefore, interference due to the HNB is a concern and interference mitigation techniques are required.  Interference mitigation techniques will place constraints on the HNB performance, which will present the HNB with challenges in managing its radio resources and maintaining Quality of Service to its attached users.  In the following sections the interference scenarios that exist between a HNB and the macro layer, and among HNB’s, are discussed in more detail. 

Priority of the interference scenario investigations has been established as shown in Table 1. 
Table 1 Interference Scenarios
	Number
	Aggressor
	Victim
	Priority

	1
	UE attached to Home Node B
	Macro Node B Uplink
	yes

	2
	Home Node B
	Macro Node B Downlink
	yes

	3
	UE attached to Macro Node B
	Home Node B Uplink
	yes

	4
	Macro Node B
	Home Node B Downlink
	

	5
	UE attached to Home Node B
	Home Node B Uplink
	yes

	6
	Home Node B
	Home Node B Downlink
	yes

	7
	UE attached to Home Node B and/or Home Node B
	Other System
	

	8
	Other System
	UE attached to Home Node B and/or Home Node B
	


2 

Coexistence Simulation Parameters

Simulation results are encouraged from a range of parameters to ensure a robust and diverse analysis of the problem.  The results in  this section were generated over a range of simulation assumptions.
Simulation models are described for different HNB deployment scenarios in [50,55,57,63,88].Models for the dense urban apartment building, HNB-Macro are provided in [57] and [103].  
2 Interference scenario 1 UL HNB UE ( Macro

Noise rise on the macro layer will significantly reduce macro performance; consequently, the transmit power of the UE should be controlled.  The following mechanisms are investigated to limit the interference cause by an HNB attached UE:

· HNB receiver performance will have an impact on UE transmit power; therefore any relaxation of the BS receiver required must be carefully investigated.  

· UE power limitations such as maximum transmit power limits, and strict scheduling limits and noise rise limitation for HSUPA

· Open up the system; UEs are permitted to move easily between the macro and HNB layers, thereby ensuring each uplink connection requires the least amount of UE transmit power and generates the least amount of interference [55].  

.

Table 2 Directory of Results for interference scenario 1 UL HNB UE ( Macro
	Requirements Affected
	Refer-ences
	Summary of analysis provided;

Recommendation endorsed by cited reference 
	WG affected

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	High Level Requirement
	
	
	

	System Performance
	[26,27
88]
	CSG Performance analysis
	

	
	[34,55]
	Performance analysis of open system
	

	
	[59,102]
	Need to address trade-off between macro and HNB performance. Adaptive uplink attenuation can improve performance.
	

	Base station Requirements
	
	
	

	Receiver Sensitivity (for HNB) 
	[26,102]
	As per Local Area BS class spec.  Acknowledgement that desensitisation of the HNB receiver will potentially increase HNB UE interference on Macro
	RAN4

	Receiver Performance (for HNB) 
	[26]
	As per Local Area BS class spec.  Acknowledgement that poor relaxed performance of the HNB receiver will potentially increase HNB UE interference on Macro. 

However, testing for high speed mobile may no longer be required, if lower maximum UE speed is adopted
	RAN4

	
	
	

	

	In band blocking tests 
	[27,32]
	As per Local Area BS class spec, (but may change if a different Minimum Coupling Loss is chosen)
	RAN4

	HNB system Requirements
	
	
	

	UE power limits
	[55]
	No protocol changes required.  A limit is required to protect macro performance.  Note: this is operator implementation specific; no need to standardise.
	

	
	
	Deployment Scenario B will see highest UE power levels; hence most likely to require a limit.
	


2 Interference scenario 2 DL HNB  ( Macro UE

In a CSG, downlink interference from an HNB will result in coverage holes in the macro network.  In co-channel deployment the coverage holes are considerably more significant than when the HNB is deployed on a separate carrier.  Several mechanisms are considered to reduce the impact of the macro coverage:

· fixed HNB transmit power.  (this is only applicable to dedicated channel deployment)

· control of HNB behaviour with respect to setting its maximum transmit power

· open access systems.

Deployment scenario C reduces the impact on the macro layer by automatically adjusting the HNB transmit power.  The algorithm used to control the HNB transmission power will be left as an implementation detail; consequently a variety of models are explored when setting the HNB transmission power.  Some options are as follows:

•
In [63], the maximum output power for each HNB is set based on a fixed limit in the “dead zone” (out-of-coverage area) that would be caused by any adjacent channel macro UE. 
•
In [50], the transmit power for each HNB is set based on the inverted power control scheme used for macro/macro coexistence simulation (power control set 1, power control set 2) 

•
In [55], the average transmit power for both the HNB and the macro are balanced at the HNB cell edge.  
Deployment scenario B, where the HNB output power is controlled and the HNB’s are deployed on an adjacent carrier to the macro layer, is shown to be of limited use [64], since the reduced power limit of Deployment Scenario A is adequate for coverage of the majority of homes.  An increase in power may be desirable when a large coverage area is desired, or when coverage within the home is difficult.  However, when the density of HNB is very high, inter-HNB interference dominates, and an increase in HNB power beyond Deployment scenario A does not result in performance gains.  Results are summarised in B.3

An open system provides an alternative solution, as illustrated in [34].  Impact on the macrolayer is further reduced when HNB transmit power is controlled, as shown in [55].  [55] illustrates the importance of setting realistic expectations for performance degradation in the macro layer, to ensure both macro and HNB achieve appropriate performance levels.

When specifying HNB behaviour, it is the goal of this study item to avoid any RAN1 impact if possible.  If possible, RAN4 will determine the framework to allow a range of implementation to set the maximum transmit power.  For example, a framework may consist of requirements and tests for a suitable target power level, but will not specify the algorithm.

It is acknowledge that no single mechanism alone provides a definitive solution.  Any solution will likely involve a combination of methods, and will certainly have to reach a suitable compromise between macro layer and HNB layer performance.
	Requirements Affected
	Status
	WG affected

	Deployment Scenario A:

Need for power limit 
	agreement that Adjacent Channel interference still exists without some control or reduction of power. 
	RAN4, RAN2

	Deployment Scenario B,C:

Need for BS to set transmit power appropriate for macro environment.  
	Acknowledged that interference in closed system is too high, interference management mechanism required.  
	RAN4, RAN2,



	Deployment Scenario B,C:

Definition of transmit power level 
	Multiple possibilities exist to define HNB power level:
- Relative to macro CPICH RSCP

- Relative to macro CPICH Ec/Io

- Relative to total RSSI

Could be defined as:

- HNB dominance level

- Size of dead zone caused.
	RAN4, RAN2,



	Deployment Scenario A,B,C:

Hand In requirement for Interference mitigation
	General consensus that aspects of open system help in managing HNB interference scenarios.  Limited functionality must be considered for a closed system.
	RAN2, RAN4

	Maximum transmit power dynamic range [33,42,54,55]
	General agreement that the maximum transmit power may include lower values.  This will require a change to Primary CPICH Tx Power in TS 25.331, section 10.3.6.61 and is currently under discussion with RAN2 [77]
	RAN4, RAN2,



	Electromagnetic Field protection.  Need for Radiated Power Tests [30]
	Raised in [30], no recorded objections
	

	
	
	


Table 3 Directory of Results for interference scenario 2 DL HNB  ( Macro UE
	Requirements Affected
	Refer-ences
	Summary of analysis provided;

Recommendation endorsed by cited reference
	WG affected

	High Level Requirement
	
	
	

	System Performance
	[42,63,88]
	CSG Performance analysis, Deployment Configuration A
	

	
	[42,50,64,88,102]
	CSG Performance analysis, Deployment Configuration B,C
	

	
	[34,55]
	Performance analysis of open system, Deployment Configuration E
	

	
	[23,42,63,102]
	CSG deployment of HNB’s using fixed HNB transmit power results in unacceptable performance for co-channel deployments
	

	
	[102]
	CSG deployment of HNB’s using fixed HNB transmit power results in unacceptable performance both for co-channel and dedicated channel deployments
	

	Base station Requirements
	
	
	

	Maximum transmit power 
	[102,104]
	Deployment Configuration A:

agreement that Adjacent Channel interference still exists without some control or reduction of power. 
	RAN4, RAN2

	Maximum transmit power dynamic range
	[33,42,54, 55,90]
	General agreement that HNB performance may benefit from the ability to set the maximum transmit power may  lower values.  This will require a change to Primary CPICH Tx Power in TS 25.331, section 10.3.6.61 and is currently under discussion with RAN2 via LS, [77].
	RAN4, RAN2,



	Electromagnetic Field protection.  Need for Radiated Power Tests
	[30]
	Raised in [30], no recorded objections
	

	HNB system Requirements
	
	
	

	Need for BS to set transmit power appropriate for macro environment.  
	[104,102]
	Deployment Configuration B,C:

Acknowledged that interference in closed system is too high, interference management mechanism required.  
	RAN4, RAN2,



	Definition of transmit power level 
	[37]
	Deployment Configuration B,C:

Multiple possibilities exist to define HNB power level:
- Relative to macro CPICH RSCP

- Relative to macro CPICH Ec/Io

- Relative to total RSSI

Could be defined as:

- HNB dominance level

- Size of dead zone caused.
	RAN4, RAN2,



	Hand In requirement for Interference mitigation
	[37]
	Deployment Configuration A,B,C:

General consensus that aspects of open system help in managing HNB interference scenarios. interference mitigation is required in a closed system; hand in should be permitted as an option.
	RAN2, RAN4


2 Interference scenario 3 UL Macro UE ( HNB

As described in interference scenario 1, the HNB attached UE is constrained in its transmit power.  Consequently, the HNB attached UE is especially susceptible to interference from the macro UE.  The HNB receiver must reach a compromise between protecting itself against uncoordinated interference from the macro UEs, while controlling the interference caused by its own UE’s towards the macro layer. 

As discussed in [59,102], some sacrifices in macro layer performance can greatly improve HNB performance.  Moreover, some implementation recommendations and adaptive attenuation on the uplink may be applicable to further increase the HNB performance.

	Requirements Affected
	Status
	WG affected

	Deployment Scenario B,C:

Receiver Sensitivity [19][26]
	In a CSG, co-channel deployment, HNB must manage noise rise of other UE’s.  It is noted that HNB desensitisation has an impact of system performance, eg. a reduction on UE battery life.
	RAN4

	Deployment Scenario B,C:

Receiver Dynamic Range [19]
	In a CSG, co-channel deployment, HNB must manage noise rise of other UE’s.  Local Area BS class spec is sufficient.
	RAN4

	Receiver Sensitivity [26]
	As per Local Area BS class spec.
	RAN4

	Receiver Dynamic Range
	As per Local Area BS class spec.  
	RAN4

	Adjacent Channel Selectivity
	As per Local Area BS class spec.  
	RAN4

	Receiver Performance (fading)
	general consensus on max user speed < 30 km/h;
	RAN4

	Receiver Performance (delay spread)
	50 m cell radius
	RAN4

	In band blocking tests
	As per Local Area BS class spec (dependent on MCL).  
	RAN4

	
	
	


Table 4 Directory of Results for interference scenario 3 UL Macro UE ( HNB
	Requirements Affected
	References
	Summary of analysis provided;

Recommendation endorsed by cited reference
	WG affected

	High Level Requirement
	
	
	

	System Performance
	[59,102]
	Need to address trade-off between macro and HNB performance. Adaptive uplink attenuation can improve performance.
	RAN2, RAN4

	
	[88]
	CSG performance analysis
	

	
	
	
	

	
	
	
	

	Base station Requirements
	
	
	

	Receiver Sensitivity
	[26]
	In general can be the same as local area BS
	RAN4

	
	[19][26]
	Deployment Scenario B,C:

In a CSG, co-channel deployment, HNB must manage noise rise of other UE’s.  It is noted that HNB desensitisation has an impact of system performance, eg. a reduction on UE battery life.
	RAN4

	Receiver Dynamic Range
	
	In general can be the same as local area BS
	RAN4

	
	[19]
	Deployment Scenario B,C:

In a CSG, co-channel deployment, HNB must manage noise rise of other UE’s.  Local Area BS class spec is sufficient.
	RAN4

	Adjacent Channel Selectivity
	
	As per Local Area BS class spec.  
	RAN4

	Receiver Performance (fading)
	[100]
	general consensus on max user speed < 30 km/h;
	RAN4

	Receiver Performance (delay spread)
	
	50 m cell radius
	RAN4

	In band blocking tests
	
	As per Local Area BS class spec (dependent on MCL).  
	RAN4

	HNB system Requirements
	
	
	

	
	
	
	


2 Interference scenario 4 DL Macro ( HNB UE

A tradeoff exists between the HNB coverage and the impact on the macro network coverage (discussed in 5.3.3). The HNB downlink transmit power can be adjusted to maintain coverage if the dynamic range of the HNB power is large enough [103].   Additional performance analysis in a closed system is provided in [88].
No changes to UE.  This is expected to hold for LTE as well.  The Wide Area Basestation defines the UE RF performance.  The UE will then be expected to work with all other classes of eNodeB
2 Interference scenario 5 HNB (( HNB (UL)

With respect to other HNB, co-channel interference must be considered.  This is especially important to deployment option A, where a strong macro presence is not available on the same frequency to act as a reference level to determine UE power limits.


It is difficult to avoid co-channel interference between HNB’s, which limits the interference reductions achieved by deploying a HNB on an separate carrier from the macro network, as shown in [27][64][58].  Interference management techniques are required to manage HNB to HNB interference
	Requirements Affected
	Status
	WG affected

	Receiver Sensitivity
	Acknowledgement that a large number of HNB could be located very close together
	RAN4

	Receiver Dynamic Range
	Acknowledgement that a large number of HNB could be located very close together
	RAN4

	Adjacent Channel Selectivity
	Acknowledgement that a large number of HNB could be located very close together
	RAN4

	In band blocking tests
	Acknowledgement that a large number of HNB could be located very close together
	RAN4

	UE power limits
	No protocol changes required
	RAN4

	
	
	


Table 5 Directory of Results for interference scenario 5 HNB (( HNB (UL)
	Requirements Affected
	References
	Summary of analysis provided;

Recommendation endorsed by cited reference
	WG affected

	High Level Requirement
	
	
	

	System Performance
	[58,102]
	The performance of HNBs is degraded unless interference mitigation techniques are used.
	RAN4

	
	[106]
	Without interference mitigation techniques, there is a clear impact on HNB performance.  However, the significant of the impact must be judged by the operator in the context of the desired system performance.
	

	
	
	
	

	
	
	
	

	Base station Requirements
	
	
	

	Receiver Sensitivity
	[58,102]
	Acknowledgement that a large number of HNB could be located very close together
	RAN4

	Receiver Dynamic Range
	[58,102]
	Acknowledgement that a large number of HNB could be located very close together
	RAN4

	Adjacent Channel Selectivity
	
	Acknowledgement that a large number of HNB could be located very close together
	RAN4

	In band blocking tests
	
	Acknowledgement that a large number of HNB could be located very close together
	RAN4

	HNB system Requirements
	
	
	

	UE power limits
	
	No protocol changes required
	RAN4


2 Interference scenario 6  HNB (( HNB (DL)

With respect to other HNB, co-channel interference must be considered.  This is especially important to deployment option A where a strong macro presence is not available on the same frequency to act as a reference to determine HNB transmit power settings.

.

	Requirements Affected
	Status
	WG affected

	Deployment Scenario B,C:

Need for HNB to set transmit power based on neighbouring HNB power.  
	Acknowledged that interference in closed system is too high, interference management mechanism required.  
	RAN4, RAN2,



	
	
	


Table 6 Directory of Results for interference scenario 6 HNB (( HNB (DL)
	Requirements Affected
	References
	Summary of analysis provided;

Recommendation endorsed by cited reference
	WG affected

	High Level Requirement
	
	
	

	System Performance
	[58,102]
	The performance of HNBs is significantly degraded unless interference mitigation techniques are used.
	

	
	[103,

104]
	CSG DL performance analysis including apartment blocks and macro layer.
	

	
	
	
	

	
	
	
	

	Base station Requirements
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	HNB system Requirements
	
	
	

	Need for HNB to set transmit power based on neighbouring HNB power.  
	
	Deployment Scenario B,C:

Acknowledged that interference in closed system is too high, interference management mechanism required.  
	RAN4, RAN2,




2 Interference scenarios 7,8 HNB (( Other systems

Table 7 Directory of Results for interference scenarios 7 and 8
	Requirements Affected
	Status
	WG affected

	Need for new out of band blocking requirements due to different transceivers on top of each other in the home [19]
	An LS reply [73] was sent to ETSI TC DECT, stating that inter-operation studies are best done in ECC PT1.  However, [30][31] recommends a 15 dB MCL, 20 cm minimum spacing should be considered for investigations in RAN4 
	RAN4

	Spurious Emissions [19]
	As above.
	

	
	
	


	Requirements Affected
	References
	Summary of analysis provided;

Recommendation endorsed by cited reference
	WG affected

	Base station Requirements
	
	
	

	Out of band blocking 
	[19]
	Need for new out of band blocking requirements due to different transceivers on top of each other in the home.  [30][31] recommends a 15 dB MCL, 20 cm minimum spacing should be considered for investigations in RAN4 

Status: An LS reply [73] was sent to ETSI TC DECT, stating that inter-operation studies are best done in ECC PT1
	RAN4

	Spurious Emissions 
	[19]
	As above.
	

	HNB system Requirements
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