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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1 Scope

This document is a technical report of the study item on Home NodeB/eNodeB [1].  The goal of this study item is,

•
To characterise the 3G Home NodeB environment.  Whenever possible the scenarios defined as part of this study shall be of benefit to the LTE Home eNodeB investigation.

•
To determine the feasibility of a solution and to outline any obstacles

•
High level HNB requirements are understood not to be complete; hence the report includes a description of the motivation of requirements needed to progress the work

•
Whenever possible to offer recommendations for specifications
2 References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
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· For a specific reference, subsequent revisions do not apply.

· For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
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3 Definitions, symbols and abbreviations

For the purposes of the present document, the terms and definitions given in TR 21.905 [x] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [x].
ACIR
Adjacent Channel Interference Rejection, can be translated to receiver selectivity when the emission mask of the interfering signal is accounted for.

BS
Cellular system base station

CSG
Closed Subscriber Group

DL
Downlink, the RF path from BS to UE

eHNB
evolved Home Node B

GSM
Mobile cellular system (throughout this document, this acronym is generally to also means the services GPRS and EDGE, both enhancements to GSM, unless not applicable to the discussion.)

HNB
Home NodeB

MBSFN
Multicast/Broadcast over a Single Frequency Network

RX
Receiver

TX
Transmitter

UE
User Equipment, also cellular terminal

UL
Uplink, the RF path from UE to BS

UMTS
Universal Mobile Telecommunications System, often used synonymously with WCDMA

WCDMA
Wideband Code Division Multiple Access, a type of cellular system meeting ITU-2000 requirement

4 General
As agreed in the study item proposal [1]:
“Within the course of increasing UMTS terminal penetration and fixed-mobile convergence, an upcoming demand for 3G Home NodeBs to provide attractive services and data rates in home environments is observed.

UTRAN is not optimal suited for this application as UTRAN was developed and defined under the assumption of coordinated network deployment whereas home NodeBs are typically associated with uncoordinated and large scale deployment.

Aim of this feasibility study is to investigate optimization and amendments to the UTRAN standard in order to fully support the application of Home NodeBs. The scope of this study item is limited to FDD mode.

This study includes but is not limited to the architecture aspect, handover scenarios and interference considerations.

In order to minimize the impact on the existing overall network, the home NodeB concept for WCDMA shall operate with legacy terminals (from Release 99 onwards) and core network and minimize impact on UTRAN interfaces. No impact to terminal specifications is foreseen.

Once the feasibility study is finalized, an optimised solution for the 3G Home NodeB environment should be available.
Work for the LTE home eNodeB (as part of the on-going LTE work item) should benefit from the scenarios defined as part of this study. The intention is to base the interference analysis on the same scenario for both UTRAN and EUTRAN as the deployment scenarios are expected to be the same.”

4.1 
Task description 

The purpose of this study item is to characterise the 3G Home NodeB environment and investigate the feasibility of optimisations and amendments to UTRAN FDD mode to adapt it to fully support the 3G Home NodeB. 

In order to achieve this, studies should be carried out in at least the following areas:

1) TSG RAN WG4

Requirements

Identify any new, revised or missing RF requirements for 3G Home NodeB

Identify relevant deployment scenarios

RF-related issues
Investigate RF related aspects such as interference scenarios and RF performance requirements for 3G Home NodeB
Frequency accuracy 

Investigate the frequency accuracy required for the home environment

Associated class definitions

Investigate (based on requirements and scenario coverage in the current specification) whether the local area class can be extended to cover scenarios for the 3G Home Node B, or a new class needs to be defined.

2)
TSG RAN WG2 and TSG RAN WG3 

Architecture
Investigation on if and which UTRAN interfaces might be impacted

Implications of deployment and/or operational scenario for 3G Home NodeB

Potential for very high density of 3G Home NodeBs

Rigorous planning is not necessarily possible and/or desirable for consumer premise equipment

Mobility scenarios 
Management of neighbor cell information

Restriction of handover in one or both directions. 

Frequency reuse within overlapping/ hierarchical cell layout
Access control scenario

Control of 3G Home NodeB access and managing unwanted access

5 RF Aspects (RAN WG4)

5.1 Requirements


RF Requirements for Home (e)NodeBs will be the same as for the local area (e)NodeB, with additional requirements as described in the following sections.
5.1.1 New Requirements Affecting RF Aspects
1) Home (e)NodeBs should not degrade significantly the performance of networks deployed in other channels.

2) Home (e)NodeB configurations intended for deployment in the same channel as an existing (e)UTRAN network should ensure their combined performance is not significantly worse than that of the original network.

3) Home (e)NodeBs should provide reasonable performance whether deployed in isolation or whether multiple Home (e)NodeBs are deployed in the same area. 

4) As a Home (e)NodeBs may be privately owned and portable, it shall only radiate while it is confirmed that such an emission complies with regulatory requirements in force where that Home NodeB is operating.

5) The Home NodeB must support UE speeds up to [30] km/h.

6) Home NodeB must support existing UTRAN UEs.

5.1.2 RF Requirements analysis

1) Adjacent channel co-existence should be considered as this is the worst case.

1 & 2) Performance is quantified in terms of UE throughput, coverage and spectral efficiency, taking into account cell edge, average UE and close to the HNB.

2) This requirement is only applicable if it is deemed feasible to deploy HNBs in the same channel as an existing network. 

Combined performance is equal to the addition of macro network and the HNB network taking into account the open/closed access configuration.

3)  Home NodeBs should provide a minimum level of performance, even when many are deployed near to each other, as would be the case in a housing estate. Furthermore, any interference mitigation techniques used to meet requirements 1 and 2 should do so without significantly compromising the performance of the Home NodeB. For example, a simple mechanism could switch off the Home NodeB when it causes interference. However, the Home NodeB itself would then be of no value. 

Performance is quantified in terms of UE throughput, coverage, and spectral efficiency, taking into account cell edge and average UE 

4) Radiation in licensed spectrum requires authorization from the license holder (i.e. an operator), who in turn is responsible for ensuring that emissions comply with the associated regulatory requirements.  One key issue here is how the operator will verify that the HNB is in the geographical region specified in their license.  Whilst it is clear that a procedure is needed to support this requirement, it is considered to be beyond the scope of  RAN WG4 to define it. Currently RAN4 assumes that the following aspects would need to be taken into account:


· HNB location 
· communication link between HNB and HNB operator 
· HNB identity. 
· other FFS

The events and frequency on which the above conditions must be verified is an open issue.

HNB location:
· HNB must be within operator’s license area when transmitting on the radio path.
· A more precise location may be required for other reasons, such as: emergency services, lawful interception, or restricting operation to a specific location (open issue)
Communication link between HNB and HNB operator:

· There must be a communication link to receive authorisation 

· The communication link may need to achieve minimum performance requirements for offered services (open issue)
HNB identity:

· The HNB operator must be able to verify the HNB identity

5) Discussions in [5,6,7,8,] have demonstrated that the need to support UE speeds greater than 30 km/h is extremely unlikely.  Further reductions in supported speed may be possible, but are not critical, since a limit of 30 km/h represents a significant and useful reduction from the current local area specification.

6) HNB must be backwards compatible with UTRAN UEs already in the field.  
Note. The support of UE location for emergency calls is being handled by other 3GPP groups and is not believed to impact RAN WG4.

5.2 Deployment Configurations

A number of different deployment configurations have been considered for Home (e)NodeB. The aspects which define  these are as follows:

· Open access or CSG (Closed Subscriber Group)

· Open access HNBs can serve any UE in the same way as a normal NodeB

· CSG HNBs only serve UEs which are a member of a particular Closed Subscriber Group

· Dedicated channel or co-channel

· Whether HNBs operate in their own separate channel, or whether they share a channel with an existing (e)UTRAN network

· Fixed or adaptive (DL) maximum transmit power

· Fixed: HNBs have a set fixed maximum transmit power 

· Adaptive: HNB’s sense interference to existing networks, and adjust maximum transmit power accordingly

The following configurations are considered and are described in more detail in the following sections.

A.   
CSG, Dedicated channel, Fixed Power
B.   
CSG, Dedicated channel, Adaptive Power
C.   
CSG, Co-channel, Adaptive Power
D.   
Partial Co-Channel  

E.   
Open Access, dedicated or co-channel
5.2.1 Configuration A. CSG, Dedicated Channel, Fixed Power

HNB is configured as a Closed Subscriber Group.  Access to HNB is controlled through an arrangement between the HNB owner and by the network operator.  Access is restricted to a very limited number of UE; the majority of UE do not have access to the HNB.

The HNB is deployed on a dedicated channel; i.e. a channel that is not used within the macro layer.  The worst case dedicated channel deployment is the adjacent channel.  The worst case adjacent channel deployment is when the adjacent channel is owned by a different operator.

Although the HNB is deployed on the dedicated frequency with respect to the macro network, a co-channel interference scenario remains between HNB’s.  HNB’s must share the same frequency, hence co-channel coexistence must be analysed within a dense population of HNB.

In this configuration,  the Home NodeB’s maximum transmit power could potentially be fixed by the operator to be lower than the Maximum Transmit power capability.  As analysed in detail in Annex B, the reduced power limit ensures the dominance of the HNB with respect to a macro cell is appropriately bounded.  Therefore, the HNB cell size is limited with respect to a weak macro signal.  Consequently, the HNB can operate with a fixed maximum power level even at the edge of a macro cell.  
5.2.2 Configuration B. CSG, Dedicated Channel, Adaptive Power

HNB is configured as a Closed Subscriber Group.  

The HNB is deployed on a dedicated channel.

Maximum transmit power may be set as high as the maximum capability of the HNB class of basestation.  However, higher maximum power level shall only be used when appropriate for the deployed environment, and when the resulting interference is acceptable. 
5.2.3 Configuration C. CSG Co-channel, Adaptive Power

HNB is configured as a Closed Subscriber Group.  

The HNB is deployed on the same channel as the macro network.  This is considered the worst case interference scenario; consequently this is the highest risk deployment.  Power levels used by the Home Node B and all attached UE’s must be set as appropriate for the deployed environment.

The fixed maximum transmit power limit is not considered feasible for co-channel deployment and has been removed from further analysis. 

5.2.4 Configuration D. Partial Co-Channel
Partial co-channel is proposed for CSG operation for HNBs.  This works by limiting frequencies which are shared by the “macro layer” and the HNB, as shown in Figure 1.  The macro layer uses the all available frequencies, whereas the home NodeB only uses a subset – the shared part.  Macro UEs can operate on any frequency.  Macro UEs in the shared part experiencing “pathological” interference from home NodeBs can move to the clear part. 

Whist this configuration is indented as a solution for CSG operation, it may also be applicable to Open access in order to limit the influence of the HNB in the overall network and allow more control over mobility. 
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Figure 1 Spectrum arrangement for Macro and Home Node Bs
Figure 2 shows how this could be implemented in UTRAN. Two channels are needed, one for Macro+HNB, the other for Macro only. Macro-only UEs experiencing HNB interference in channel 1 would handover to channel 2.
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Figure 2 Spectrum arrangement for UTRAN
Figure 3 shows how this could be implemented for EUTRAN.  Since it has scalable bandwidth, it does not necessarily require two channels as with UTRAN.  Provided the HENB sub-band does not overlap the central 6 RBs of the macro’s channel, then it will not prevent UEs receiving the BCH and SCH and connecting to the macro layer.  Frequency hopping and Frequency dependent scheduling will ensure UEs experiencing HNB interference on part of the band will still be able to function. 
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Figure 3  Spectrum arrangement for EUTRAN
Providing UEs hand over to the clear channel when experiencing HNB interference , the performance of this configuration should be similar to that of configuration A (dedicated channel, fixed power)
5.2.5 Configuration E: Open Access, dedicated or co-channel

Open access Home NodeBs serve all UEs, in the same way as other NodeBs do [33,34,55].   

Open issues: 

· Handover performance due to rapid handover between many small cells; may need to support larger cell sizes, or faster user speeds [37]

· Support of complete macro services may require stricter BS requirements (e.g. MBMS SFN would require stricter frequency accuracy) [37]

From an RF perspective, the Open Access Home (e)NodeB is similar to the Local Area NodeB  and therefore it has been proposed to include them under this class [52].  This would then resolve the above open issues.

5.3 Interference Scenarios
Home Node B’s extend the coverage of a UMTS Radio Access Network. 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
	


5.3.1 

Coexistence Simulation Parameters

A complete set of parameters used for coexistence analysis are outlined in detail in Annex A.  However, simulation results are encouraged from a range of parameters to ensure a robust and diverse analysis of the problem.  The result in Annex B through Annex D were generate over a range of simulation assumptions.
5.3.2 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 system; all UE should be free to move easily between the macro and femto layers, thereby ensuring each uplink connection requires the least amount of UE transmit power and generates the least amount of interference.  

The results for the analysis of this interference scenario are provided in Annex C.

	Requirements Affected
	Status
	WG affected

	Receiver Sensitivity (for HNB) [26]
	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. 
	RAN4

	In band blocking tests [27,32]
	As per Local Area BS class spec.  
	RAN4

	UE power limits
	No protocol changes required

Deployment Scenario B will see highest UE power levels; hence most likely to require a limit.
	RAN4

	
	
	


5.3.3 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.

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.

The results for the analysis of this interference scenario are provided in Annex B.

	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
	

	
	
	


5.3.4 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], some sacrifices in macro layer performance can greatly improve HNB performance.  Moreover, some implementation recommendations may be applicable to further increase 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.  
	RAN4

	
	
	


5.3.5 Interference scenario 4 DL Macro ( HNB UE

No changes to UE.  This is expected to hold for LTE as well.  The Wide Area Basestation defined the UE RF performance.  The UE will then be expected to work with all other classes of eNodeB

5.3.6 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.

The results for the analysis of this interference scenario are provided in Annex D.
	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

	
	
	


5.3.7 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.

The results for the analysis of this interference scenario are provided in Annex D.

	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,



	
	
	


5.3.8 Interference scenarios 7,8 HNB (( Other systems

	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.
	

	
	
	


5.4 Home NodeB Class Definition
5.4.1 Introduction

5.4.2 Fixed parameters

This clause summarizes the parameters that will be used in the later sections 

Rapporteur’s comments: 

the parameters used in the later sections will go here.

5.4.3 Base station classes
Rapporteur’s comments: 

The existing base station classes for wide, medium and local area are defined on the basis of characteristic value on the MCL for the different scenarios.  The characteristic MCL for home base station has been investigated, however, radiated emission density limits and coverage requirements may be stricter requirements than the MCL for home nodeB classification.

5.4.4 Transmitter characteristics

5.4.4.1 Control of NodeB output power

Evaluation based on co-channel interference considerations

TBC

Rapporteur’s comments: 

Evaluation of the CSG co-channel deployment scenario indicates that interference mitigation is required to achieve reasonable performance.  If a fixed power level is adopted a value of 5dBm has been suggested else a dynamic control algorithm based on measurements is suggested.  It is not yet clear if any requirements will be defined to cover these aspects of if an informative annex to provide recommendations to operators will be sufficient.
5.4.4.2 Maximum NodeB output power

Evaluation based on MCL

TBC

Evaluation based on coverage considerations

 The Maximum Output power of a HNB should be able to provide adequate coverage for a full range of supported HNB deployment scenarios, while not exceeding the HNB interference limits.  Moreover, the power level of the HNB should not create unnecessary difficulties in meeting thermal requirements, or in meeting power density limits especially should high gain antennas be used.

Maximum power overview
Therefore, the working assumption for Maximum Output Power is [20 dBm], since this level is sufficient to achieve coverage over a wide range of deployment scenarios

Rapporteur’s comments: 
Any reduction in power, will help address the radio interference, thermal power, and power density level of an HNB.  Deployment and Interference scenarios are currently for further study.  Home equipment antennas may have significant gain in which case exclusion zones around them may be required to meet power density limits.  Also, practical lower limits due to thermal requirements means an exclusion zone for powers above 21dBm is large compared with the equipment size.  These are considered implementation issues; nevertheless it is considered prudent at this time to consider a limit in the maximum output power of approximately 20 dBm.
5.4.4.3 Frequency Error

This section includes the investigation of frequency accuracy requirements in the home environment. [19][28][29]

A formal derivation of the frequency accuracy from vehicular speeds is still required to finalise the following working assumption.  Moreover, the consequences of MBSFN support in HNB has not yet been investigated.

The working assumption is that frequency accuracy can be relaxed to 250ppb 

Start of rapporteur’s comments

250 ppb is identified as a safe value to use as a working assumption.  This level of relaxation is considered to be a worthwhile goal, as it would reduce synchronisation related traffic, and may have additional benefits for implementation of the home NodeB.  On the other hand, the potential risks regarding demodulation and handover performance are considered low, given the likely user speeds and resultant Doppler frequency offsets.  Nevertheless, it is acknowledge that more work is required in this area, as the work in identifying scenarios is not complete 

The  possible question of the frequency stability based on tolerable time to achieve base station synch to the network [15][16] has been dealt with in RAN3.

End of rapporteur’s comments

5.4.4.4 Spurious emissions 

5.4.4.4.1 Protection of the BS receiver of own or different BS
5.4.4.4.2 Co-existence with co-located and co-sited base stations
5.4.4.4.3 Co-existence with UTRA-TDD
5.4.5 Receiver characteristics
5.4.5.1 Reference sensitivity level

Balanced link (zero interference scenario)
Interferer at MCL scenario

Power control (zero interference scenario)

Sensitivity overview
5.4.5.2 Dynamic range

5.4.5.3 Adjacent channel selectivity (ACS)
5.4.5.4 Blocking characteristics

5.4.5.4.1 Minimum requirement

5.4.5.4.2 Minimum Requirement - Co-location with GSM900, DCS 1800, PCS1900, GSM850 and/or UTRA FDD
5.4.5.4.3 Minimum Requirement - Co-location with UTRA-TDD

5.4.5.5 Intermodulation characteristics

5.4.6 Performance requirement
Some of the propagation conditions may not be relevant for the HNB.
5.4.7 Summary

This section summarises the investigation of whether the local area class can be extended to cover scenarios for the 3G Home Node B, or a if new class needs to be defined.

List of changes identified with respect to the current definition of a local area class:  

Minimum coupling loss

Table 2 Summary of Changes to Transmitter Characteristics
	Specification
	Proposed Value
	Current Value
	Status

	Maximum Output Power
	[20 dBm]
	24 dBm
	Working assumption

	Control of output power
	
	
	Mechanisms to control max allowed power are being investigated 

	Frequency Error
	[250 ppb]
	100 ppb
	Working assumption

	Spurious emissions

Protection of the BS receiver of own or different BS
	
	-82dBm
	

	Spurious emissions

Co-existence with co-located and co-sited base stations
	
	- 70dBm (pico 900/850)

- 82dBm
	

	Spurious emissions

Co-existence with UTRA-TDD
	
	- 55dBm
	

	
	
	
	


Table 3 Summary of Changes to Receiver Characteristics
	Specification
	Proposed Value
	Current Value
	Status

	Reference sensitivity level
	TBD
	-107dBm
	

	Dynamic range
	
	-59dBm (wanted -77dBm)
	

	ACS
	
	-38dBm (wanted -101dBm)
	

	Blocking characteristics

Minimum requirement
	
	-101 dBm (interferer various)
	

	Blocking characteristics

Minimum Requirement - Co-location with GSM900, DCS 1800, PCS1900, GSM850 and/or UTRA FDD
	
	- 115 dBm (interferer various)
	

	Blocking characteristics

Minimum Requirement - Co-location with UTRA-TDD
	
	- 101 dBm (-4dBm)
	

	Intermodulation 
	
	- 38dBm (wideband)

- 37dBm (narrowband)
	

	
	
	
	


Table 4 Summary of Changes to Performance Characteristics
	Specification
	Proposed Value
	Current Value
	Status

	
	
	
	

	
	
	
	

	
	
	
	


6 Radio Interface Architecture and protocols (RAN WG2)

7 UTRAN Architecture and Application Protocol (RAN WG3)

8 Summary
8.1 RAN 4: For further study

This report contains considerable analysis of the impact on Home Node B on the macro layer, with a strong emphasis on the downlink.
To complete this study, more analysis may be required for the interference scenarios shown in Table 5, and illustrated in Figure 4. Analysis can be limited to a range of feasible deployment configurations.

Table 5 Schedule for Interference Scenarios analysis
	Number
	Aggressor
	Victim
	Status

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

	2
	Home Node B
	Macro Node B Downlink
	Nearly complete

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

	4
	Macro Node B
	Home Node B Downlink
	started

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

	6
	Home Node B
	Home Node B Downlink
	started
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Figure 4  Interference scenarios
8.2 RAN 4 Summary

The diverse input to this study item on Home Node B / eNode B has revealed that a wide range of possible deployment configurations are envisioned for the HNB.  This study uses interference scenarios to investigate the impact on Home Node B deployment on the existing basestation requirements.  However, the interference scenarios are dependent on the deployment configurations.  Specifically, the most important deployment characteristics are as follows

· Open access or CSG (Closed Subscriber Group)

· Open access HNBs can serve any UE in the same way as a normal NodeB

· CSG HNBs only serve UEs which are a member of a particular Closed Subscriber Group

· Dedicated carrier or co-channel

· Whether HNBs operate in their own separate channel, or whether they share a carrier with an existing (e)UTRAN network

Furthermore, how an operator chooses to manage Home Node B power has a strong impact on the interference analysis.  Therefore, this study distinguished between the following methods of managing the HNB transmit power

· Fixed: HNBs have a set fixed maximum transmit power. 

· Adaptive: HNBs sense interference to existing networks, and adjust maximum transmit power accordingly

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 this report concludes that interference mitigation techniques are required in the case of closed access.  No single method has been identified that completely eliminates interference while maintaining HNB performance for closed access.  It is not the intention of this report to recommend a set of specification or an algorithm that ensures feasibility of the Home Node B.  Rather, this report evaluates the effectiveness of interference control with an acceptable trade-off between macro layer and HNB performance over a set of deployment configurations.  

The analysis of the various configurations resulted in the following observations:

· Open access configuration will result in lower interference levels than Closed Subscriber Group Operation.

· Dedicated carrier deployment results in much lower interference levels than co-channel deployment. 

· 
· A CSG HNB deployment (whether dedicated or co-channel) requires interference mitigation techniques in order to control the inter-HNB interference for both the downlink and uplink.  
· It is not possible to control the downlink co-channel interference through fixed maximum HNB transmit power setting in case of co-channel CSG HNB deployment.

· A "partial co-channel" approach for UTRAN operating on two channels can provide higher spectral efficiency than obtained with a dedicated carrier approach while maintaining the same cell edge performance.

· In case of CSG co-channel HNB deployment it is possible to control the uplink and downlink interference levels to the macro layer through appropriate selection of interference mitigation parameters and thus maintain a suitable performance trade-off between the HNB and Macro layers.

For a successful Home Node B deployment, minimum performance requirements are needed for all scenarios in Table 5, for both dedicated and co-channel deployment. 

9 Conclusions

9.1 Preliminary RAN4 Conclusions
Dedicated Carrier Deployment 

To the extent investigated so far, dedicated carrier deployment is feasible for both open and closed subscriber group systems.  Further work is required to investigate uplink co-existence between HNB and Macro layers and to investigate interference mitigation for very high CSG HNB deployment densities.

Co-channel Deployment

To the extent investigated so far co-channel deployment is feasible for open access.  

For closed access, analysis conducted so far indicates that co-channel deployment is feasible if adaptive interference mitigation techniques are used.  Further work is required to summarise the trade-off between HNB performance and the impact on the macro layer and to determine whether an acceptable tradeoff can be identified

Further work is required for high density scenarios as discussed for the dedicated carrier scenario.

A Annex (informative) Coexistence Analysis Models
B  Annex (informative) Analysis of HNB interference on the Macro Layer in the Downlink

C  Annex (informative) Analysis of HNB interference on the Macro Layer in the Uplink

D  Annex (informative)  Analysis of HNB to HNB interference

E Annex (informative):
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