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5.4 Home NodeB Class Definition
5.4.1 Introduction

5.4.2 In this Section we consider the conclusions of the various scenario analyses that have been conducted and propose values for the HNB class, in cases where diverse values are suggested we propose compromise values that best meet all constraints considering practical HNB deployments.   
5.4.3 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.

5.4.4 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.

5.4.5 Transmitter characteristics

5.4.5.1 Control of NodeB output power

5.4.5.2 Evaluation based on adjacent channel interference considerations

5.4.5.3 Analysis of interference scenarios has shown that limiting the maximum power of the Home NodeB to [5dBm] provides an acceptable solution in many cases.
Evaluation based on co-channel interference considerations
Analysis of interference scenarios has shown that a fixed maximum power setting value does not provide acceptable performance in many scenarios.  Hence, a capability to have a settable power limit is required.  Suggestions for the minimum value of this power setting have varied from -10dBm to – 30dBm.  A minimum value of -10 dBm P-CPICH is currently supported within 25.331 (1).  
The description of any algorithm to control the power is outside scope of this document.
Notes

(1) A liaison has been sent to RAN2 to request information about potential impacts on legacy mobiles if P-CPICH power levels lower than -10dBm are used.

Control of NodeB output power overview

The output power of the NodeB shall be settable from the maximum power [20dBm] to a level of [0dBm].




5.4.5.4 Maximum NodeB output power

Evaluation based on emitted power limitations
During the study of Home NodeB Home eNodeB feasibility the question of whether maximum Home NodeB power might be set by emitted power density limits was raised.  This section seeks to analyse this issue and confirm that this is not a limiting factor.
The US FCC sets limits for emitted power density at 1mW/cm2 for general population exposure to frequencies in the range 1500-100,000 MHz (FCC OEC bulletin 56 4th edition).  
If we consider a HNB operation at 2.1GHz, the wavelength is 14cm so a ½ wave dipole would be 7cm long, as a starting point for our calculation we assume emission by a HNB may be characterised by such an antenna.  The gain of such an antenna is 2.1dBi.  The Tdocs in reference [30] and [31] suggest a minimum spacing of 20cm.  To calculate the field strength we need to determine if the measurement will be made in the near-field or far-field.  The minimum far-field distance, d, for the antenna is, 
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where D is the length of the antenna and ( is the wavelength.  
At 2.1 GHz ( is 14cm, D is 7cm and the far-field distance is 7cm, thus it is reasonable to assume that calculations may be made in the far-field.  Free-space propagation loss, L,  is given by,
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where, d is measured in km and f is measured in MHz.
This gives a free-space propagation loss of 24.9 dB.  Accounting for the gain of the dipole antenna, and assuming a similar one is used to measure the radiated power, the propagation loss is 20.7dB.  To calculate the power density we need to know the effective area of the receiving dipole antenna A 

[image: image3.wmf]2

4

l

p

a

G

A

=


where, Ga is the antenna gain as a linear factor

This gives the effective surface area of a 2.1dB gain antenna as 25.3 cm2.  Thus, the input power to the antenna to give a power density of 1mW/cm2 at 20cm is 35dBm.
The largest gain that size-wise might reasonably be considered for a HNB would be that corresponding to a  that a ½ wave square patch antenna, which with a small ground plane would be of the order of 20cm x 20cm.  The maximum gain is about 9dBi (Balanis, “Antenna Theory, Analysis and Design,” 2005, Wiley), which would suggest the maximum input power to keep the radiated power density at 1mW/cm2 at 20cm would be 28dBm.
Therefore, given that the maximum power being considered for the HNB is of the order of 20dBm, radiated power density limits at 20cm from the HNB are not a limiting factor. 
Evaluation based on MCL
During the study of Home NodeB Home eNodeB feasibility MCL (1) was considered for uncoordinated mobiles near to the Home NodeB attached to the macro system.  This produced the same pragmatic arguments that resulted in an effective MCL value of 45dB for the local area base station class(2), and while rare cases of MCL smaller than this are possible they are typically negated by the interference of the HNB to the interfering mobile, eg, [27].  This would suggest the power limit the same may be the same as the local area class.
Notes
(1) Additionally, MCL to other co-located systems such as DECT was considered.  MCL in this case could be as low as 15dB.  However, control of this scenario, which involves legacy systems deployed in licence exempt spectrum, falls outside of the influence of 3GPP.  Consequently, it is likely that any action will be limited to operator recommendations on siting of Home NodeB with relation to other indoor systems. 
(2) MCL values of [20dBm] for mobiles attached to the Home NodeB should also be considered as effective system operation should be ensured.

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 (1).  During various scenario investigations a consensus of 20dBm was achieved being sufficient to provide adequate coverage in all reasonable interference conditions.
Notes

(1) 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.
Maximum power overview
Interference considerations are the limiting scenario.  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: 

5.4.5.5 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

5.4.5.6 Spurious emissions 

5.4.5.7 No changes expected from the local area base station class.
5.4.5.7.1 Protection of the BS receiver of own or different BS
No changes expected from the local area base station class.
5.4.5.7.2 Co-existence with co-located and co-sited base stations
No changes expected from the local area base station class.
5.4.5.7.3 Co-existence with UTRA-TDD
5.4.5.7.4 No changes expected from the local area base station class.
5.4.6 Receiver characteristics
5.4.6.1 Reference sensitivity level

Balanced link (zero interference scenario)
Interferer at MCL scenario

Power control (zero interference scenario)

Sensitivity overview
The analysis in [27] indicates that sensitivity equivalent to that of the local area base station is recommended to minimise interference.  Correspondingly, no changes are expected from the local area base station class (1).
Notes

(1) Some analysis shows there may be benefits to varying the sensitivity, thus the capability to vary the sensitivity should not be precluded so long as compliance to radio performance requirements is not affected. 
5.4.6.2 Dynamic range

5.4.6.3 Potential for change given the requirement to provide a settable power limit for the Home NodeB.
5.4.6.4 Adjacent channel selectivity (ACS)
No changes expected from the local area base station class.
5.4.6.5 Blocking characteristics

No changes expected from the local area base station class.
5.4.6.5.1 Minimum requirement

5.4.6.5.2 Minimum Requirement - Co-location with GSM900, DCS 1800, PCS1900, GSM850 and/or UTRA FDD
5.4.6.5.3 Minimum Requirement - Co-location with UTRA-TDD
5.4.6.5.4 Minimum Requirement – Co-location with DECT and WiFi/WLAN
5.4.6.6 Intermodulation characteristics

5.4.6.7 No changes expected from the local area base station class.
5.4.7 Performance requirement
Some of the propagation conditions may not be relevant for the HNB.  
5.4.8 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

	[20dBm – 0dBm]
	
	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
	[same]
	-82dBm
	

	Spurious emissions

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

- 82dBm
	

	Spurious emissions

Co-existence with UTRA-TDD
	[same]
	- 55dBm
	


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

	Reference sensitivity level
	[same]
	-107dBm
	

	Dynamic range
	[potential impacts]
	-59dBm (wanted -77dBm)
	

	ACS
	[same]
	-38dBm (wanted -101dBm)
	

	Blocking characteristics

Minimum requirement
	[same]
	-101 dBm (interferer various)
	

	Blocking characteristics

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

	Blocking characteristics

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

	Blocking characteristics

Minimum Requirement - Co-location with DECT, WiFi/WLAN
	[new value]
	
	

	Intermodulation 
	[same]
	- 38dBm (wideband)

- 37dBm (narrowband)
	

	
	
	
	


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