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1 Introduction

In the RAN#39 meeting, the WI on FDD Home NodeB RF requirements [1] was agreed and was defined to have two objectives.  Objective 2 identifies the need for a TR in the 900 series to be created; this will capture guidance on the control of the HNB output power such that DL interference into neighbouring cells can be mitigated.
In this contribution we provide a Text Proposal for TR 25.9xx, currently in skeleton form [2].  This Text Proposal extends the information to be captured under the second WI objective, such that additional Radio Resource Management considerations are addressed for HNB – specifically on the UL.  The basis for this guidance comes from analyses of UL interference, notably [3] [4] [5] and [6].
Some further proposals are made to provide guidance on the measurements required to support interference management.
Additionally it is proposed to rationalise existing sections in the skeleton document – specifically combining section 8 “Means to set maximum power” and section 9 “Guidance on how to control HNB power” into a single section “Guidance on how to control HNB DL”.
This contribution has been generated as a result of simulation and modelling work carried out by members of the Radio and Physical Layer working group of the Femto Forum, a 3GPP Market Representation Partner.
2 Text Proposal
======= Start of changed section =======
3   Definitions, symbols and abbreviations

For the purposes of the present document, the terms and definitions given in TR 21.905 [128] 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 [128].
HUE
Home UE attached to a HNB

LAC
Location Area Code

RAC
Routing Area Code

RSCP
Received Signal Carrier Power

RSSI
Received Signal Strength Indicator

RTWP
Received Total Wideband Power

4.1 Task description
4.1.1 HNB Class definition

The purpose of this work is to update the radio performance requirement specification TS 25.104 suggested by TR 25.820, further work required to agree on new parameter values will be documented in the TR and the updates required in test specification TS 25.141 will be documented. 
4.1.2 HNB measurements and adaptation 

The purpose of this work item is to ensure operators have the ability to achieve control of HNB power dependent on the strength of signal from the macro cell layer and from other HNB to enhance overall system performance.  It also provides guidance on UL-related Radio Resource Management, identifying how UL interference to the macro cell layer and from macro UEs may be addressed.

In order to achieve this at least the following areas should be addressed,

1) Guidance on how to control HNB power

a. The intention is to provide guidance to operators on possible strategies and expected performance in typical exemplary deployment scenarios.  

b. Issues to address include whether the same mechanism may be used to control power versus the macro cell layer, versus other HNB and in the case of HNB coverage control for open access HNB.

c. It is not the intention to mandate HNB behaviour.

2) Measurement of macro and other HNB signal strength

a. Issues to address include factors that govern accuracy and timeliness of measurements and the ability to identify cells for macro neighbour cell list building 

b. It is not the intention to restrict the vendor’s scope about how to perform measurements.  

c. It is envisaged that measurements may be made by the HNB or mobiles attached to the HNB using existing mobile measurements.

3) Mechanism to set maximum power

a. Issues to address include accuracy and timeliness of HNB maximum power setting.

b. It is not the intention to restrict the vendor’s scope about how to process measurements.

c. It is not the intention to restrict the vendor’s scope about which network element the measurements may be processed in. 

d. It is not the intention to restrict to which network entities measurements are reported.  However, it is not envisaged that new signalling will be standardised to support this.

4) Mechanism to adjust HNB uplink

a. Issues to address include the possibility to adjust uplink noise rise target and/or apply adaptive receiver gain control.

b. Other issues to address include defining a maximum limit for HNB UE transmit power in the case of adjacent channel and co-channel macro cell layers, and in the case of neighbour HNBs.
c. It is not the intention to restrict the vendor’s scope about what actions may be taken regarding HNB uplink. 

5 Radio scenarios

5.1 Deployment configurations

//Editors note this will follow TS 25.820//

5.2 Interference scenarios

//Editors note this will follow TS 25.820//

6 HNB Class definition

7 Measurements

The types of measurements required to allow the HNB to self-configure, for the purposes of interference mitigation, are listed in the following subsections.  According to the measurement type, some of these measurements can be collected through Connected Mode UEs attached to the HNB or via a UL/DL Receiver function within the HNB itself.
7.1 Measurements of macro cell layer
	Measurement Type
	Purpose
	Measurement Source(s)

	Co-channel carrier RSSI
	Calculation of co-channel DL interference towards HUEs (from macro layer)
	HNB DL Receiver

HUE

	Adjacent channel carrier RSSI
	Calculation of adjacent channel DL interference towards HUEs (from macro layer)
	HNB DL Receiver

HUE

	Co-channel CPICH RSCP
	Calculation of co-channel DL interference towards macro UEs (from HNB)

Calculation of co-channel UL interference towards macro layer (from HUEs)
	HNB DL Receiver

HUE

	Adjacent channel CPICH RSCP
	Calculation of adjacent channel DL interference towards macro UEs (from HNB) 

Calculation of adjacent channel UL interference towards macro layer (from HUEs)
	HNB DL Receiver

HUE

	RTWP
	Calculation of UL interference towards HNB (from macro UEs)
	HNB Physical Layer
HNB UL Receiver

	
	
	


7.2 Measurements to identify macro cells
	Measurement Type
	Purpose
	Measurement Source(s)

	PLMN ID
	Identification of operator

Distinction between macrocell and HNB
	HNB DL Receiver

	Cell ID
	Identification of surrounding macrocells
	HNB DL Receiver

	LAC
	Distinction between macrocell and HNB
	HNB DL Receiver

	RAC
	Distinction between macrocell and HNB
	HNB DL Receiver

	
	
	


7.3 Measurements of other HNB cells

	Measurement Type
	Purpose
	Measurement Source(s)

	Co-channel carrier RSSI
	Calculation of co-channel DL interference towards own HUEs (from neighbour HNB)
	HNB DL Receiver

HUE

	Adjacent channel carrier RSSI
	Calculation of adjacent channel DL interference towards own HUEs (from neighbour HNB)
	HNB DL Receiver

HUE

	Co-channel CPICH RSCP
	Calculation of co-channel DL interference towards neighbour HUEs (from HNB) 

Calculation of co-channel UL interference towards neighbour HNBs (from HUEs)
	HNB DL Receiver

HUE

	Adjacent channel CPICH RSCP
	Calculation of adjacent channel DL interference towards neighbour HUEs (from HNB) 

Calculation of adjacent channel UL interference towards neighbour HNBs (from HUEs)
	HNB DL Receiver

HUE

	RTWP
	Calculation of UL interference towards HNB (from neighbour HUEs)
	HNB Physical Layer

HNB UL Receiver

	
	
	


8 Guidance on how to control HNB DL
//Editors address configuration and interference scenarios in TS 25.820//

8.1 Control of HNB power relative to macro cell layer

8.2 Control of HNB power relative to other HNB

8.3 Control of HNB coverage for open access HNB

9 Guidance on how to control HNB UL
The guidance in this section addresses issues related to UL interference.  The specific cases considered are:

a) how to minimise UL interference from HUEs towards the macro layer and other neighbour HNBs
b) how to accommodate UL interference from uncontrolled (e.g. macro) UEs towards the HNB
9.1 Control of HUE allowable transmit power
This is to address UL interference from HUEs towards the macro layer and other neighbour HNBs.  This is especially significant when a HUE is at the edge of its coverage, for example outside the property, but has good visibility of a neighbouring cell.  Under such extreme conditions the UL power transmitted by the HUE could cause a measurable noise rise at the macro NodeB impacting its UL capacity.

Such conditions are extreme and potentially unlikely in practice; HUE transmit levels will not typically cause a significant noise rise at neighbour cells.  However to cover these extreme cases a maximum limit for the allowed transmit power of HUEs can be defined.

In order to evaluate the potential level of UL interference that can be caused by a HUE, it is necessary to estimate the pathloss from the vicinity of the HNB to the neighbouring NodeB.  This can be done using measurements of CPICH RSCP of the neighbouring cells – potentially made by UEs attached to the HNB or by the HNB itself using a Uplink/Downlink Receive mode of operation.

The HNB can then determine a maximum allowed HUE transmit power, based on this pathloss estimate, such that the noise rise experienced at the neighbour cell is constrained to be within an acceptable limit. This maximum power level would be signalled to the HUE as part of its normal RRC connection setup procedure. Further, periodic and/or event-triggered pathloss measurements made by the UEs can be used by the HNB to update the maximum allowable UE transmit power. The updated value can be signalled to the UE using e.g., Radio Bearer Reconfiguration message. 
Alternatively, a fixed “cap” on the HUE transmit power could be defined irrespective of the proximity of the macro NodeB.  This limit would need to be selected such that the noise rise generated at the macro layer was acceptable in the worst case co-channel deployment scenario.  A suggested value for this limit is [21]dBm.
The pros and cons of these mitigation techniques can be summarised in Table 9.1.
Table 9.1: HUE Allowable Transmit Power Control Techniques - Pros and Cons
	HUE Allowable Transmit Power Control techniques
	Pros
	Cons

	Fixed “cap”
	· simple HNB implementation 
· no additional signalling requirements
	· high UL interference created by HUE(s) transmitting at consistently high Tx power (e.g. cell edge scenarios)

	Dynamic
	· reduced UL interference created by HUE(s) transmitting at high Tx power

· improved HNB performance
	· additional signalling required to adjust the allowable HUE Tx power
· additional HNB RRM implementation


9.2 Control of HNB noise rise threshold
This is a mitigation technique to address UL interference from uncontrolled (macro or other HNB) UEs towards the HNB.  This is especially significant for CSG deployments; uncontrolled UEs may be located within the premises where the HNB is installed while still being attached to an external macro network.  In such cases the macro UE’s transmit power will be high while the pathloss to the HNB will be small. Similarly, HUE can generate a large noise rise at the HNB if the pathloss is very small and the HUE cannot be powered down due to limited dynamic range.  
This mitigation approach also applies to the use of HSUPA and is associated with the UL scheduler.  Specifically the scheduler in the HNB is configured to dynamically allow a greater UL noise rise (rise over thermal) than would normally be the case for a macro NodeB. This ensures that the HNB scheduler will be able to continue to grant significant capacity on the UL, so that HUE traffic throughput can be maintained, in the presence of an interfering macro UE or when a HUE cannot be powered down. 

Adjustment of the UL noise rise threshold can be made by the HNB, driven by measurements of receive total wideband power (i.e. RTWP) or other similar measurement entities on the UL. Blocking levels of UL noise rise due to out of cell interference can be detected and the noise rise threshold adjusted accordingly.  This adjustment would only need to be made temporarily while the UL interference was strong and as the noise rise was seen to fall the noise rise threshold could be returned to its normal operating value. However, in the presence of such greater UL noise rise, the HNB receiver should be designed so as to ensure proper system stability for HUEs (e.g., in the presence of bursty interference from MUE or power race among multiple HUEs) and adequate demodulation performance.

Modifying the HNB scheduler in this way will increase HUE throughput but as a result will also increase the UL interference caused by the HUEs at the macro layer.  As a consequence the UL throughput of macro UEs can become degraded.  The application of an upper limit on the HUE transmit power, as discussed in subclause 9.1, will ensure that this effect is constrained to an acceptable level.

9.3 Control of HNB receiver gain

This is an alternative mitigation technique to address UL interference from uncontrolled UEs towards the HNB and increase in noise rise from a HUE that cannot be powered down due to limited dynamic range.  Again it is especially significant for CSG deployments where uncontrolled UEs may be located within the HNB premises while still being attached to an external macro network. In such cases, 

· the macro UE’s transmit power could be high while the pathloss to the HNB could be small, or

· the uncontrolled UE (i.e. a HUE) associated with a neighbour HNB that is further away from the HUE than this HNB.
This mitigation approach is based on dynamic control of the receiver gain or UL attenuation, also known as adaptive noise figure adjustment.  This has the effect of moving the dynamic range of the HNB receiver such that the interfering UE is no longer blocking the UL.  As a consequence the HNB receiver is temporarily desensitised during periods of reduced gain or attenuation.
Adjustment of the receiver gain or UL attenuation can be made by the HNB, driven by measurements of receive total wideband power (i.e. RTWP) or other similar measurement entities on the UL.  Blocking levels of UL noise rise due to out of cell interference can be detected and the receiver gain reduced accordingly.  This adjustment would only need to be made temporarily while the UL interference was strong and as soon as the noise rise was seen to fall the receiver gain could be returned to its normal operating value.
This adjustment would also need to react fast when the UL interference is strong or noise rise from a HUE is high and slowly decay with time. The effect of such desensitisation would be to temporarily cause HUEs to increase their own UL transmit power and thereby increase interference to the macro layer. Therefore, it is crucial to determine the correct amount of attenuation that will improve the HUE’s performance without degrading the MUEs. The application of an upper limit on the HUE transmit power, as discussed in subclause 9.1, will ensure that a runaway positive feedback condition is avoided.

9.3.1 UL Interference Analysis

The performance of using dynamic control of the receiver gain or UL attenuation can be obtained using the following analysis setup. The general set up for the uplink analysis is given in Figure 9.1. The cell edge case is considered first, where a HNB is deployed at the edge of a macro cell and it has an active HUE associated with it. There is also a MUE which is located close to the HNB. The HNB, HUE and the MUE are assumed to have 140dB PL with the MNB (X=140dB). The HUE and the MUE are assumed to be separated from the HNB by Y and Z dB PL, respectively. 

[image: image1.emf]
Figure 9.1: UL Interference Setup
The PL values of interest (i.e., Y and Z) depend on the HNB coverage determined by the tx power chosen. Three deployment scenarios are considered: a) HNB designed for 70dB coverage, b) HNB designed for 80dB coverage, and c) HNB designed for 90dB coverage. Both cell edge and cell site scenarios are analyzed.For cell edge scenario, the following PL pairs are investigated in more detail (Table 9.2). When the HNB coverage of 70dB is targeted, the HNB tx power cannot go as low as required (min HNB total tx power limitation of -10dBm is assumed). Therefore, a MUE located at the edge of the targeted coverage region becomes in outage. Hence, the MUE is placed 80dB away from the HNB in this case.
Table 9.2: Cell Edge UL Analysis Cases
	Y: PL (HUE to HNB)
	70 dB
	80 dB
	90 dB

	Z: PL (MUE to HNB)
	80 dB
	80 dB
	90 dB


Being at the cell edge, the MUE is assumed to be transmitting at 21dBm (e.g., the maximum UE total tx power). The MUE transmitting at high power close to the HNB can significantly increases the noise rise at the HNB, even when the minimum noise figure of 19dB is assumed for the HNB. This noise rise contribution is denoted by Ec/No’, where Ec is received signal strength of the MUE at the HNB and No’ corresponds to the received signal strength in the absence of HUE or MUE. The goal of the UL interference management is to keep the MUE contribution on the HNB noise rise below the noise rise threshold by adding attenuation or increasing the noise figure, such that the HUEs can get scheduled.  

In Figure 9.2, the solid curves correspond to the noise rise contribution of the MUEs at the HNB as a function of the additional padding / UL attenuation applied at the HNB. The HUE transmit power is determined based on a -2.4dB Ec/No requirement based on thr FRC1 E-DPDCH demodulation test in TS25.104 for Ped A channel and no rx diversity in TS 25.104. 

The dashed curves in Figure 9.2 correspond to the noise rise contribution of HUE at the MNB. Although the transmit power of the HUE is increased with the additional attenuation applied at the HNB, the HUE is still located very close to the HNB while being on the edge of the MNB coverage. Therefore, the HUE’s contribution to the MNB noise rise is minimal. 
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Figure 9.2: UL Cell Edge Scenario: Noise Rise Contribution of Non-associated UEs

The HUE and MUE Ec/No values at their corresponding serving NBs are provided in Figure 9.3. Although the effect of HUE on the macro network is minimal, using more than the required amount of attenuation is not desired. For the cases where HUE to HNB PL is 80dB and 90dB, it is observed that beyond 10dB and 20dB additional noise figure respectively, the HUE starts running out of headroom and is unable to maintain the Ec/No requirement.
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Figure 9.3: UL Cell Edge Scenario: Ec/No at Serving NB

A reference algorithm trying to maintain the out-of-cell contribution to the HNB noise rise at 3dB would choose the following UL attenuation values (Table 9.3):

Table 9.3: Cell Edge UL Analysis: UL Attenuation at HNB
	Y: PL (HUE to HNB)
	70 dB
	80 dB
	90 dB

	Z: PL (MUE to HNB)
	80 dB
	80 dB
	90 dB

	UL Attenuation 

(Additional Noise Figure)
	27dB
	27dB
	17dB


The second case considered is when the HNB is deployed close to the macro cell site. In this case the HNB, HUE and the MUE are assumed to have 100dB PL to the MNB (X=100dB). The PL values of interest (i.e., Y and Z) again depend on the HNB coverage determined by the tx power chosen. For the cell site case, the following PL pairs are investigated in more detail (Table 9.4). When a HNB coverage of 90 or 100dB is targeted, the HNB tx power becomes insufficient due to the max HNB total tx power limitation of 20dBm. Therefore, a HUE located at the edge of targeted coverage region is unable to maintain -20dB CPICH Ec/No with the HNB.
Table 9.4: Cell Site UL Analysis Cases
	Y: PL (HUE to HNB)
	70 dB
	80 dB
	80 dB

	Z: PL (MUE to HNB)
	70 dB
	80 dB
	90 dB


Being at the cell site, the MUE is assumed to be transmitting at -15dBm. In Figure 9.4, the noise rise contributions of the MUE and HUE at the HNB and MNB, respectively are presented. Here again, the HUE transmit power is determined based on a -2.4 dB Ec/No requirement. 

As seen in Figure 9.4, unlike the cell edge case, there is no need for large additional UL attenuation values to control the noise rise at the HNB. In fact, if unnecessary attenuation is applied, then the HUE tx power increases considerably, creating significant noise rise at the MNB. In Figure 9.5, the UE Ec/No values at their serving NB are presented. It is clearly seen that the MNB Ec/No goes down if more than necessary UL attenuation is used. For certain cases, the HUE could also run out of headroom and not be able to maintain the required Ec/No. 
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Figure 9.4: UL Cell Site Scenario: Noise Rise Contribution of Non-associated UEs
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Figure 9.5: UL Cell Site Scenario: Ec/No at Serving NB

A reference algorithm trying to maintain the out-of-cell contribution to the HNB noise rise at 3dB would choose the following UL attenuation values (Table 9.5):

Table 9.5: Cell Site UL Analysis: UL Attenuation at HNB
	Y: PL (HUE to HNB)
	70 dB
	80 dB
	80 dB

	Z: PL (HUE to HNB)
	70 dB
	80 dB
	90 dB

	UL Attenuation 

(Additional Noise Figure)
	1dB
	0dB
	0dB


The analysis presented for the cell edge and cell site scenarios demonstrate the need for an adaptive algorithm that adjusts the UL attenuation / padding based on the out-of-cell interference experienced at the HNB.
9.4 HNB Uplink Tests

For the uplink tests, we again consider three deployment scenarios: a) HNB designed for 70dB coverage, b) HNB designed for 80dB coverage, and c) HNB designed for 90dB coverage. Separate cell edge and cell site tests are specified. The uplink tests are to be carried out in a cabled-up lab setup.

For the cell edge tests, the test setup is as displayed in Figure 9.6(i). The HUE, HNB and MUE path loss to the MNB is assumed to be 140dB. The MNB is assumed to experience interference at -101dBm from users other than the HUE, which is modelled through an AWGN noise source (not shown in the picture). Two BS testers are used as the HUE and the MUE, which are connected to the HNB and the MNB through channel emulators. AWGN channel is assumed and path loss values of the links are set as specified in the test description. The MUE is set to transmit at 21dBm max Tx power, with power control disabled. The HNB is run with the regular UL scheduler and power control enabled with full queue traffic. The UL throughput and the transmit power at the BS tester (HUE) is measured.

For the cell site tests, only a single BS tester and a HNB are used (Figure 9.6(ii) ). The channel emulator is used to adjust the path loss between the HUE and the HNB. The HNB is operated with the regular UL scheduler with full queue traffic. The UL throughput and the transmit power at the BS tester (HUE) is measured. 
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Figure 9.6: UL Test Setup

The test requirements for the different HNB coverage scenarios are given below.

9.4.1 Uplink Test for HNB designed for 70dB coverage radius

The purpose of the test is for the HUE to achieve a minimum UL throughput while its average total transmit power does not exceed the requirement given in Table 9.6. 

For the cell edge test, the HUE transmit power can go as high as the maximum limit of 21 dBm. The test requirement is in terms of an upper limit for the HUE average transmit power while the HUE average throughput is above a certain value. The throughput and transmit power requirements are chosen based on the FRC2 E-DPDCH demodulation test for Ped A channel with no Rx diversity and an Ec/No of 0.8dB.
For the cell site test, the maximum Tx power is specified such that the HUE interference at the MNB which is 100dB away is limited to 5dB below the noise floor of the MNB which is -103dBm. Here again, the FRC2 E-DPDCH demodulation test for Ped A channel with no rx diversity and an Ec/No of 0.8dB is used as a reference.
Table 9.6: UL Test Specifications - 70dB HNB Coverage
	Parameter
	Cell Edge
	Cell Site

	PL to MNB
	140dB
	100dB

	PL MUE to HNB  
	80dB
	-

	HUE Throughput
	( 811kbps
	( 811kbps

	HUE Tx Power
	≤ 21dBm
	≤ -8dBm



9.4.2 Uplink Test for HNB designed for 80dB coverage radius

The purpose of the test is for the HUE to achieve a minimum uplink throughput at the HNB for cell site case while its average total transmit power does not exceed the requirement given in Table 9.7.

For the cell edge test, the HUE transmit power can go as high as the maximum limit of 21 dBm. The test requirement is specified in terms of an upper limit for the HUE average transmit power while the HUE average throughput is above a certain value. The throughput and transmit power requirements are chosen based on the FRC1 E-DPDCH demodulation test for Ped A channel with no Rx diversity and an Ec/No of -2.4dB.
For the cell site test, the maximum tx power is specified such that the HUE interference at the MNB which is 100dB away is limited to 5dB below the noise floor of the MNB which is -103dBm. Here, the FRC2 E-DPDCH demodulation test for Ped A channel with no Rx diversity and an Ec/No of 0.8dB is used as a reference.
Table 9.7: UL Test Specifications - 80dB HNB Coverage

	Parameter
	Cell Edge
	Cell Site

	PL to MNB
	140dB
	100dB

	PL MUE to HNB  
	80dB
	-

	HUE Throughput
	( 293kbps
	( 811kbps

	HUE Tx Power
	≤ 21dBm
	≤ -8dBm


9.4.3 Uplink Test for HNB designed for 90dB coverage radius

The purpose of the test is for the HUE to achieve a minimum uplink throughput at the HNB for the cell edge case while its average total transmit power does not exceed the requirement given in Table 9.8. A cell site test is not specified for this particular HNB coverage case due to the fact that the max Tx power limit of 20dBm on the HNB does not allow the coverage to be 90dB.

For the cell edge test, the HUE transmit power can go as high as the maximum limit of 21 dBm. The test requirement is specified in terms of an upper limit for the HUE average transmit power while the HUE average throughput is above a certain value. The throughput and transmit power requirements are chosen based on the FRC1 E-DPDCH demodulation test for Ped A channel with no Rx diversity and an Ec/No of -2.4dB.
Table 9.8: UL Test Specifications - 90dB HNB Coverage

	Parameter
	Cell Edge

	PL to MNB
	140dB

	PL MUE to HNB  
	90dB

	HUE Throughput
	( 293kbps

	HUE Tx Power
	≤ 21dBm


9.4.4 Inter-HNB Uplink Test
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The inter-HNB test corresponds to two neighbouring HNBs on the same carrier as shown in Figure 9.7.

Figure 9.7: Inter-HNB uplink test set-up

The purpose of the test is for the HUEs to maintain a minimum uplink throughput at their own HNBs while their total transmit powers do not exceed the requirements given in Table 9.9. 

The test requirement is specified in terms of an upper limit for the HUE average transmit power while the HUE average throughput is above a certain value. The throughput and transmit power requirements are chosen based on the FRC2 E-DPDCH demodulation test for Ped A channel with no Rx diversity and an Ec/No of 0.8dB.

Table 9.5: Specifications for UL inter-HNB test

	Parameter
	HUE1
	HUE2

	HUE Throughput
	( 811kbps
	( 811kbps

	HUE Tx Power
	≤ -11dBm
	≤ -12dBm


==== End of changed section ====

3 Conclusion

We have presented a Text Proposal for the HNB TR25.9xx, currently in skeleton form.  It is proposed that this Text Proposal is adopted in the TR.
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