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Introduction

This contribution provides the updated Text proposal for chapter 7 in the technical report TR.25.967.

Text Proposal on TR 25.967 Home NodeB RF
------------------------------------------------------- Text Change Start -----------------------------------------------------------------
7 Guidance on how to control HNB Interference
7.1 HNB Measurements

Several types of measurements that HNB can perform are listed in the following subsections. The objectives of the HNB measurements are

· to provide sufficient information to the HNB for the purpose of interference mitigation
· to provide sufficient information to the HNB such that the HNB coverage can be maintained.

According to the measurement type, some of these measurements can be collected through Connected Mode UEs attached to the HNB or via a DL Receiver function within the HNB itself. Such DL receiver function is also called Network Listen Mode (NLM), Radio Environment Measurement (REM) or “HNB Sniffer”. 

These measurements can also be used during the HNB self-configuration process. 
7.1.1 Measurements from all cells
This section identifies the potential measurements performed by HNB during self-configuration and normal operation. Based on the measurements in Table 7.1.1-1, the HNB can obtain useful information from its surrounding cells for purposes such as interference management. 
Table 7.1.1-1: HNB measurements from surrounding cells
	Measurement Type
	Purpose
	Measurement Source(s)

	Co-channel carrier RSSI
	Calculation of co-channel DL interference towards HUEs from neighbouring cells
	HNB DL Receiver

HUE

	Adjacent channel carrier RSSI
	Calculation of adjacent channel DL interference towards HUEs from neighbouring cells
	HNB DL Receiver

HUE

	CPICH Ec/No
	Calculation of DL interference towards HNB 
	HNB DL Receiver

HUE

	RTWP
	Calculation of UL interference towards HNB
	HNB Physical Layer


The CPICH Ec/No measurement could be used in the scenario where the HNB is installed near a macro NodeB such that the HNB coverage is sufficient to meet the user requirements.
The HNB downlink interference level depends on the HNB location and coverage area. It can be indicated whether the interference at the coverage edge is larger than the interference at the location of HNB by a pre-defined value. Therefore, HNB’s coverage performance can be improved by changing the location of HNB if needed. The downlink interference at the coverage edge can be obtained by UE measurement reports.
The interference level can be indicated to the HNB’s owner. With this indication, the owner can make a decision as to where the proper place is to install HNB.
HNB could use the RTWP measurement to monitor the uplink interference. For example, a RTWP measurement value larger than a pre-defined threshold (where an interfering MUE is close to HNB) would mean that the MUE’s Tx power would cause significant interference towards the HNB. 
7.1.2 Measurements to identify macro cells

This section identifies the potential measurements performed by HNB during self-configuration and normal operation. Based on the measurements in Table 7.1.2-1, the HNB can obtain useful information to identify its surrounding macrocells and indirectly identifies other HNBs nearby for purposes such as mobility handling. 

Table 7.1.2-1: HNB 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


Note: These measurements are all made as decoded System Information IEs

7.1.3 Measurements from macro cell layer
This section identifies the potential measurements performed by HNB during self-configuration and normal operation. Based on the measurements in Table 7.1.2-1, the HNB can obtain useful information from its surrounding macrocells for purposes such as interference management. 

Table 7.1.3-1: HNB measurements from surrounding macro cells
	Measurement Type
	Purpose
	Measurement Source(s)

	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

	P-CPICH Tx Power 1
	Calculation of pathloss to MNB
	HNB DL Receiver


Note 1: “P-CPICH Tx Power” is a decoded System Information IE, rather than a direct physical layer measurement

7.1.4 Measurements of other HNB cells
This section identifies the potential measurements performed by HNB during self-configuration and normal operation. Based on the measurements in Table 7.1.4-1, the HNB can obtain useful information from its adjacent HNBs for purposes such as interference management. 

Table 7.1.4-1: HNB measurements from adjacent HNBs
	Measurement Type
	Purpose
	Measurement Source(s)

	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



7.1.5 Interference Level Measurements
7.2 Control of HNB Downlink Interference
7.2.1 Control of HNB Power
The following subsections provide some guidance on the control of HNB power relative to its surrounding macro cells and/or other HNBs, as part of interference mitigation techniques used by the HNB. The control mechanisms can be either used during HNB normal operation or during self-configuration process.   
7.2.1.1 Control of HNB power with respect to macro layer

This section provides guidelines on setting the HNB total DL transmit power (data and control channel power) based on the following deployment scenarios:

· HNB and MNB operate in either co-channel or adjacent channel 

· HNB situated far away from the MNB (i.e. cell edge scenario)

· HNB situated close to the MNB (i.e. cell site scenario)

Based on these deployment scenarios, it is therefore expected that there will be trade-off between the HUE performance and MUE performance when the HNB transmit power is varied.

First the co-channel deployment of HNB and MNB is analyzed for both cell site and cell edge cases. The analysis setup assumes a MNB and a HNB. A MUE is connected to the MNB and a HUE is connected to the HNB as shown in Figure 7.2.1.1-1.

[image: image1.emf]
Figure 7.2.1.1-1: DL Interference Setup

7.2.1.1.1 Co-Channel Deployment

In this section, the performance of HNB when deployed co-channel with MNB is analysed, for both cell site and cell edge cases. For the analysis, some simplified assumptions have been made in an effort to show the basic bottlenecks that arise from such deployment scenarios. 
The system model is also simplified (compared to a real situation) as shown in Figure 7.2.1.1-1, which consists of one MNB and one HNB.  Only one MUE is connected to the MNB and only one  HUE is connected to the HNB. We assume the pathloss from the MUE, HUE, HNB to the MNB are all equal to PL_MNB, i.e., X=PL_MNB.  The parameters for the setup are given in Table 7.2.1.1.1-1. The total received signal level (i.e., RSSI) in the table includes the signals received from all NBs (MNBs and HNBs) other than the HNB under consideration. The RSSI is assumed to be the same at the HNB, HUE and MUE. Both the MUE and the HUE are placed at PL_HNB from the HNB, i.e., Y=Z=PL_HNB.  

Table 7.2.1.1.1-1: Parameters for Co-Channel Deployment: Cell Edge versus Cell Site

	Parameters
	Cell Edge
	Cell Site

	PL to MNB [dB]
	140
	100

	RSSI [dBm]
	-95
	-60

	MNB RSCP [dBm]
	-107
	-67

	MNB maximum Tx Power [dBm]
	43
	43

	MNB Tx CPICH Ec [dBm]
	33
	33

	HNB CPICH Ec/Ior [dB]
	-10
	-10

	MNB load factor [%]
	50
	50

	HNB load factor [%]
	100
	100


In the analysis, the HNB Tx power is varied and the corresponding CPICH Ec/No of both the MUE and the HUE are calculated for different values of PL_HNB.

For the Cell Edge case the trade-off results are shown in Figure 7.2.1.1.1-2.
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Figure 7.2.1.1.1-2: Trade-off between HUE and MUE performance as a function of HNB Tx Power at Cell Edge
It is observed that the at the cell edge, the HNB needs to transmit at low power to maintain the required coverage for the MUE. Also, as the desired coverage radius reduces, the HNB power has to be lower to maintain the MUE performance.

For the Cell Site case the tradeoff results are shown in Figure 7.2.1.1.1-3. At the cell site the HNB has to increase its power to maintain good coverage for the HUE while not creating “much” interference for the MUE. More power is required to maintain the same coverage for the HUE compared to the cell-edge case, due to larger interference from the MNB.

 [image: image3.emf]-10 -5 0 5 10 15 20

-25

-20

-15

-10

-5

Cell Site

HNB Tx Power (dBm)

CPICH Ec/No (dB)

 

 

MUE, PL-HNB=60dB

HUE, PL-HNB=60dB

MUE, PL-HNB=70dB

HUE, PL-HNB=70dB

MUE, PL-HNB=80dB

HUE, PL-HNB=80dB

MUE, PL-HNB=90dB

HUE, PL-HNB=90dB

MUE, PL-HNB=100dB

HUE, PL-HNB=100dB


Figure 7.2.1.1.1-3: Trade-off between HUE and MUE performance as a function of HNB Tx Power at Cell Site

In these figures, different PL_HNB values correspond to different HNB deployment scenarios. Depending on the particular deployment scenario (e.g., suburban, urban, dense-urban), the HNB can have different coverage radius (i.e., link budget). For example, in a suburban scenario, the HNB coverage can be 100dB whereas a lower HNB coverage radius (e.g., 70dB) may be more suitable for dense-urban deployments. It is seen that in the cell edge scenario, using high HNB Tx power results in poor CPICH Ec/No for the MUE. On the other hand, when HNB is close to the macrocell site, a low HNB Tx power results in poor CPICH Ec/No for the HUE. As the HNB Tx power increases, the MUE CPICH Ec/No degrades. Therefore, the HNB transmit power needs to be adjusted properly to maintain an acceptable performance for both the HNB and the MNB (i.e. HNB to provide acceptable service to the HUE, but at the same time not causing call drops to already connected MUEs which exist in the vicinity of the HNB). 

In order to exemplify 
how to adjust the HNB DL transmit power, we employ the following algorithm, where the transmit power of HNB is determined based on the results of a few measurements.  Each HNB measures the total signal strength (No) from all the other NodeBs (including MNBs and HNBs). It also measures the pilot strength from the best co-channel and adjacent-channel MNBs. Based on these measurements, the HNB can calculate its transmit power:
1. To maintain an CPICH Ec/No of -18dB for a MUE located X1 dB away from the HNB on the same channel (i.e., protect the co-channel macro user)

2. To maintain an CPICH Ec/No of -18dB for a MUE located X2 dB away from the HNB  on the adjacent channel (i.e., protect the adjacent channel macro user)

3. To make sure that HNB is not causing unnecessary interference to others by enforcing a cap on CPICH Ec/No of the HUE of -15 dB at X3 dB away from the HNB.
Using the algorithm above with X1=X3=PL_HNB, the calibrated HNB transmit powers for the co-channel case for different PL_HNB values are shown in the following table.

Table 7.2.1.1.1-2: Calibrated HNB Transmit Power for Cell-Edge and Cell-Site Scenarios

	PL_HNB (dB)
	60
	70
	80
	90
	100

	Cell Edge: HNB Transmit Power in dBm
	-10
	-10
	-10
	-7.9
	2.1

	Cell Site: HNB Transmit Power in dBm
	-3.2
	6.8
	16.8
	20
	20


The performance of the HUE and the MUE at the specified coverage radius and specified HNB output power is given in Table 7.2.1.1.1-3 and 7.2.1.1.1-4 for cell edge and cell site cases, respectively. 

Table 7.2.1.1.1-3: Performance for cell-edge scenario based on the HNB Tx Powers in Table 7.2.1.1.1-2

	PL_HNB (dB)
	60
	70
	80
	90
	100

	MUE CPICH Ec/No (dB)
	-37
	-27
	-18
	-14
	-14

	HUE CPICH Ec/No (dB)
	-10
	-10
	-11.3
	-15
	-15


Table 7.2.1.1.1-.4: Performance for cell-site scenario based on the HNB Tx Powers in Table 7.2.1.1.1-2
	PL_HNB (dB)
	60
	70
	80
	90
	100

	MUE CPICH Ec/No (dB)
	-8.8
	-8.8
	-8.8
	-7.5
	-7

	HUE CPICH Ec/No (dB)
	-15
	-15
	-15
	-20.5
	-30



In general, we observe that at the cell edge deployment, the HNB should transmit at lower power compared to the cell site deployment. This is to maintain the minimum level of performance requirements for the MUE at the coverage radius. In some cases, the HNB will end up hitting the minimum transmit power level (e.g., -10dBm) in an attempt to satisfy the requirement for the MUE. For the cell-site, in some cases the HNB will end up hitting the maximum transmit power level (e.g., +20dBm) in an attempt to provide coverage for the HUE at the HNB coverage radius.


7.2.1.1.2 Adjacent Channel Deployment

For the adjacent channel scenario, we consider the case when the two operators have macrocell Node Bs that are not collocated. The simulation parameters for the adjacent operator deployment are shown in Table 7.2.1.1.2-1.

Table 7.2.1.1.2-1: Parameters for Adjacent Channel Non-collocated operator deployment.

	Parameters
	Operator 1
	Adjacent Operator

	PL to MNB
	100 dB
	120 dB

	RSSI
	-60 dBm
	-80 dBm

	MNB RSCP
	-67 dBm
	-87 dBm


The other simulation parameters are the same as for the co-channel deployment. A NodeB ACLR of 45dB and UE ACS of 33 dB are assumed, which result in an ACIR of 33 dB. The MUE and the HUE will have the same pathloss to the HNB (after taking the ACIR into account), as this is the worst case envisioned in this study.

The trade-off between the performance of the MUE and the HUE as a result of varying the HNB transmit power is shown in Figure 7.2.1.1.2-1.
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Figure 7.2.1.1.2-1: Trade-off between HUE and MUE (on adjacent channel) performance as a function of HNB Tx Power for Non-Collocated Operators

The calculated HNB transmit powers as obtained from the example algorithm described above with X1=X3=PL_HNB and X2=47dB are in the following table. 

Table 7.2.1.1.2-2: Calibrated HNB Transmit Power for Adjacent Channel Non-collocated operator deployment.

	PL_HNB (dB)
	70
	80
	90
	100

	HNB Transmit Power in dBm
	6.8
	10.6
	10.6
	10.6


The CPICH Ec/No performance of the HUE and the MUE at the specified coverage radius and specified HNB output power is given in Table 7.2.1.1.2-3. 
Table 7.2.1.1.2-3: Performance for adjacent-channel scenario based on the HNB Tx Powers in Table 8.6
	PL_HNB (dB)
	70
	80
	90
	100

	MUE CPICH Ec/No (dB)
	-14.7
	-18
	-18
	-18

	HUE CPICH Ec/No (dB)
	-15
	-20
	-29.6
	-39.5


It is observed that the although the HNB is close to the adjacent-channel cell site, the calibrated powers for the HNB are lower than those in Table 7.2.1.1.1-2 for the co-channel cell site case. This is because the HNB has to lower its power to maintain the coverage for the adjacent operator’s MUE. The case is of interest when the MNBs of the two operators are not collocated.
7.2.1.2 Centralized HNB power control

From the previous studies we noticed that when HNB tries to self calibrate the transmission power it sometime faces an important bottleneck: the power necessary for guaranteed coverage in higher that a level which would also insure the  co- and adjacent channels protection. In the scenarios we assumed, there are cases when either one of them has to be compromised in the favour of the other. One of the problems is that HNB measurements on the surrounding environment are not precise enough (i.e. we refer at the tolerance of the measurements, how often the HNB can perform these measurement, etc.), to allow the presented algorithm to calculate the ideal  transmission power for the respective moment in time. 

In this section, we explore an alternative approach, when the HNB power control algorithm is implemented in a “centralized” manner. The HNBs may be initially configured with default thresholds for one or more parameters: HNB data rate, macro cell dead-zone, CIR of HUEs, detection of a nearby macro UE etc. The individual HNB then locally calibrates the transmission power to meet these thresholds by monitoring the relevant parameters using the algorithm above. As traffic conditions vary, the HNB gateway, which is an element owned by the operator deploying HNBs,, may compute the desired thresholds for these parameters and communicate to the HNBs at a slower or faster time-scale. This network command is not time-critical and does not rely on all HNBs being able to “hear” the network. It is meant to simply optimize system performance. 

Three options for enhancing the power adjustment of HNBs are proposed below. Note that these techniques are not mutually exclusive, and may co-exist with each other.  
· Usage of macro network specific information
The desired thresholds for the relevant system parameters (data rate, macro cell dead-zone coverage etc) are computed by the network for all HNBs. To do this, the network may take into account macro NodeB load, number of active HNBs, distance of the HNB to the macro cell, fading environment, time-of-day etc. The network command with threshold is communicated to the HNB either through the Broadcast Control Channel (BCCH) or the backhaul such as DSL or cable connection. By sharing information between HNB and macro NodeBs using the backhaul, it is possible for HNB to get more information than otherwise could obtain by listening the broadcast channels. For example, the close-by macro UE’s target signal to noise ratio (SNR), measured SNR, and received power are information that can be utilized for HNB power adjustment in a more proper way with respect to the interference caused to the surrounding macro networks However, it is required to modify the signalling at the macro layer to support this functionality and carefully design the backhaul information exchange by controlling the overhead.
· Pseudo-static power assignment for HNB

In addition to dynamic power calibration, it may be desirable to have a pseudo-static power assignment to the HNB. The transmit power of the HNB is a simple function of the HNB’s geographical location. The default value for transmit power and a geographical zone can be pre-configured at the time of buying a HNB or when there is a change in the location of the HNB. Any changes to the zone-wise power setting of HNB can be communicated at a slower time-scale over BCCH or the backhaul such as DSL or cable connection. However, it is again required to modify the signalling at the macro layer to support this functionality.
· Control channel – Data channel power ratio

The proposal is to manipulate the ratio between HNB control channels power and HNB data channels power.  For example, depending on the expected throughput, we can fix the control channel power, while reducing the maximum data channel power. This will ensure that the coverage area (for the assumed expected throughput) for HUE does not diminish, but the allowed total transmit power of HNBs reduces. This will result in improved macro cell coverage and reduced HNB maximum power requirement, at the same time. Note that the HNBs can support relatively high data rates even at low data channel power settings.
7.2.1.3 Control of HNB power with respect to other HNB

Similar principles as in section 7.2.1.1 and section 7.2.1.2 can be applied to set the Tx power of the HNB in a dedicated deployment. One difference is that the co-channel macro condition does not apply in this case. For example, the transmit power of HNB may be determined as follows. 

Each HNB measures the total signal strength (No) from all the other NodeBs (including MNBs and HNBs). It also measures the pilot strength from the best MNB on the adjacent channel. Based on these measurements, the HNB determines its transmit power:

i. To maintain an CPICH Ec/No of -18dB for a MUE located X2 dB away from the HNB  on the adjacent channel (i.e., protect the adjacent channel macro user)

ii. To make sure that HNB is not causing unnecessary interference to others by enforcing a cap on CPICH Ec/No of the HUE of -15 dB at X3 dB away from the HNB.
7.3 Control of HNB Uplink Interference

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


7.3.1 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 considerable 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 NodeBs.  The pathloss from the vicinity of the HNB to the neighbouring NodeBs can be derived from measurements of CPICH RSCP of the neighbouring cells – potentially made by UEs attached to the HNB or by the HNB itself using a Downlink Receive mode of operation. Details of these measurements can be found in section 7.1.

Based on the pathloss and other related parameters, the HNB can then determine a maximum allowed HUE transmit power, such that the noise rise experienced at the neighbour cells 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 or a correction factor that used to offset the initial maximum allowable UE transmit power determined during the HNB self-configuration. 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.  Such approach offers simpler HNB implementation. However, due to no adaptation in the HUE transmit power level, if the cap is set too high, then this will create high UL interference. On the other hand, if the cap is set too low, then the UL interference is reduced at the expense of a potential reduction in the HUE UL throughput. Therefore, 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 21dBm.

The pros and cons of these mitigation techniques can be summarised in Table 7.3.1-1.

Table 7.3.1-1: 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
	· potential high UL interference created by HUE(s) if cap is not set optimally

· 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


The noise rise at the MNB due to the HUE UL transmission can be determined from the estimated pathloss, as shown in the following link budget example. Table 7.3.1-2 shows the parameters used on the link budget analysis. 
Note that “estimated pathloss” is the difference between the MNB “CPICH Tx Power” as indicated in its System Information and the CPICH RSCP as received at the HNB.  Therefore “estimated pathloss” is equivalent to actual pathloss minus the MNB and HNB antenna gains.

Table 7.3.1-2: Link Budget example parameters
	Thermal noise density
	-174 dBm/Hz
	ND_t

	Bandwidth
	3.84 MHz
	BW

	Thermal noise power
	-108.16 dBm
	N_t = ND_t + 10log(BW*106)

	MNB Noise Figure
	5 dB
	NF

	MNB receiver noise floor
	-103.16 dBm
	N_rx = N_t + NF

	
	
	

	MNB antenna gain
	14 dBi
	Gant_m

	HNB antenna gain
	0 dBi
	Gant_h

	Actual Pathloss
	100 dB (for example)
	PL 

	Pathloss estimate
	86 dB
	PL_Est = PL – Gant_m – Gant_h

	
	
	

	HUE tx power
	-30 dBm (for example)
	H_tx

	HUE antenna gain
	0 dBi
	Gant_ue

	ACLR
	0 dB (co-channel)
	ACLR

	HUE rx power at MNB
	-116 dBm
	H_rx = H_tx + Gant_ue - PL - ACLR + Gant_m

	Noise rise due to HUE
	0.22 dB
	NR = 10log( 1 + log2lin(H_rx – N_rx) )


Figure 7.3.1-1 and Figure 7.3.2-2 show the noise rise at the MNB vs HUE transmit power, for a range of pathloss values.
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Figure 7.3.1-1: Noise Rise at Co-channel MNB
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Figure 7.3.2-2: Noise Rise at Adjacent Channel MNB
From these characterisations, the HNB can select a maximum allowable HUE transmit power based on the estimated pathloss, the desired limit to the noise rise at the MNB and the RSCP and/or RSSI levels of other neighbour NodeBs.

7.3.2 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, as illustrated by the following scenarios:

1. 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. 

2. A HUE can generate a large UL 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 (as outlined in section 7.1). 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 section 7.4.1, will ensure that this effect is constrained to an acceptable level.

Table 7.3.2-1 summarises the control of HNB noise rise threshold.

Table 7.3.2-1: Control of HNB noise rise threshold based on different deployment scenarios

	Deployment Scenario
	Interference source(s)
	HNB noise rise threshold setting

	HNB installed inside a building far from macrocell site
	Macro UEs attached to macrocell and located close to HNB
	High

	HNB installed inside a building close to macrocell site
	Macro UEs attached to macrocell and located close to HNB
	Low

	HNB installed inside a building far from other HNBs
	HUE(s) served by other HNBs and located close to HNB
	High

	HNB installed inside a building close to other HNB(s)
	HUE(s) served by other HNBs and located close to the HNB
	Low

	HNB installed inside a building
	Own HUE(s) located very close to the HNB that cannot be powered down due to limited dynamic range
	High


7.3.3 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 could be transmitting at high power, or

· own HUE located very close to the HNB could be transmitting at high power as it cannot be powered down due to limited dynamic range

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, e.g., to accommodate variations in interference due to bursty traffic. 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 section 7.4.1, will ensure that a runaway positive feedback condition is avoided.

7.3.3.1 Performance 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 7.3.3.1-1. 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: image7.emf]
Figure 7.3.3.1-1: UL Interference Analysis 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 with 70dB coverage radius, b) HNB with 80dB coverage radius, and c) HNB with 90dB coverage radius. Both cell edge and cell site scenarios are analyzed. The performance analysis 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.

7.3.3.1.1 Cell Edge Scenarios

For cell edge scenario, the following PL pairs are investigated in more detail (Table 7.3.3.1-1). 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 will be in outage. Hence, the MUE is placed 80dB away from the HNB in this case.

Table 7.3.3.1-1: Cell Edge Parameters

	Parameters
	Values

	HUE UL Ec/No at HNB
	-2.4 dB

	HNB default Noise Figure
	19 dB

	Maximum HUE/MUE Tx Power
	21 dBm

	MNB Noise Figure
	5 dB

	Additional interference at MNB
	-101 dBm

	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. 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 7.3.3.1-2, 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. The dashed curves 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 7.3.3.1-2: 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 7.3.3.1-3. 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 7.3.3.1-3: 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 7.3.3.1-2):

Table 7.3.3.1-2: Cell Edge Analysis: Suggested 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


7.3.3.1.2 Cell Site Scenarios

For cell site scenarios, 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 7.3.3.1-3). 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 7.3.3.1-3: Cell Site Parameters

	Parameters
	Values

	HUE UL Ec/No at HNB
	-2.4 dB

	HNB default Noise Figure
	19 dB

	HUE maximum Tx Power
	21 dBm

	MUE Tx Power
	-15 dBm

	HNB maximum Tx Power
	20 dBm

	MNB Noise Figure
	5 dB

	Additional interference at MNB
	-101 dBm

	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 7.3.3.1-4, 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 7.3.3.1-4, 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 7.3.3.1-5, 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 7.3.3.1-4: UL Cell Site Scenario: Noise Rise Contribution of Non-associated UEs
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Figure 7.3.3.1-5: 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 7.3.3.1-4):

Table 7.3.3.1-4: Cell Site Analysis: Suggested 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


7.4 HNB Self-configuration

HNB should perform self-configuration at power up and on a regular basis during normal operation. Depending on the implementation, the HNB should be able to relay its measurements to, and receive its RF configuration from, an external configuration element such as network planning server, O&M server and Femto Gateway. Such configuration elements can also optimize the RF parameters of a set of HNBs in a joint manner. However, this section does not describe the operation of these configuration elements and is limited to the self-configuration of a HNB based on the self-obtained information..

The HNB self-configuration can also be activated on a regular basis provided that no UE is RRC connected to the HNB or all UEs attached to the HNB are in idle mode. The self-configuration capability of HNB should not impact the existing UE behaviour. If any UE served by the HNB has on-going voice/data transmission, the HNB should wait until the corresponding UE to complete its voice/data transmission, release the RRC connection and then activate the self-configuration mode. 

The self-configuration activation period can be set to long, medium or short (exact value FFS). For example, activation period can be set to 24 hours in order to activate HNB self-configuration mode once a day. Performing self-configuration on a regular basis (self-configuration interval FFS) or event triggered self-configuration will help to reduce excessive interference generated by the HNB to the surrounding macrocells and HNBs. 

Self-configuration of HNB consists of setting a number of RF parameters to a value which is optimized for achieving the proposed objectives. The most important parameters are:

· Choosing the right carrier frequency, 

· Selecting the optimum DL scrambling code

· Selecting suitable LAC and/or RAC.

· Setting the optimum maximum allowable Tx power level in downlink and uplink,

· Building a set of cell lists, and,

· Processing the UE measurement reports (if available)



The HNB self-configuration requirements are listed in Table 7.4-1. Detailed fulfilment of HNB self-configuration requirements is vendor specific (i.e. dependent on self-configuration modes). Generally, the HNB self-configuration can be broadly divided into passive and active mode. The passive mode HNB self-configuration satisfies only the basic requirements, while the active mode HNB self-configuration is capable of handling more complex tasks such as detecting of abnormal operating conditions, decoding UE measurement reports, neighbour cell list construction, etc. 

Table 7.4-1: HNB self-configuration modes and requirements
	Requirement No
	Requirements

	
	Passive
	Active

	1
	Conduct measurements in section 7.1.1, 7.1.2, 7.1.3, 7.1.4
	Conduct measurements in section 7.1.1, 7.1.2, 7.1.3 and 7.1.4

	2
	Select DL scrambling code or UARFCN
	Select DL scrambling code or UARFCN

	3
	Select DL Tx Power level of the HNB and max UL Tx power level of the HUE
	Select DL Tx Power level of the HNB and max UL Tx power level of the HUE

	4
	Decode broadcast channel (e.g. BCH)
	Decode broadcast channel (e.g. BCH)

	5
	N/A
	Use UE measurement reports as input to self-configuration algorithm

	6
	N/A
	Perform additional RRM (e.g. handover handling, coverage control) based on a set of measurement inputs

	7
	N/A
	Detection of abnormal operating conditions

	8
	Construct a set of neighbour cell lists 
	Construct a set of neighbour cell lists

	9
	Synchronise local clock/RF oscillator with e.g., macrocells, IP network 
	Synchronise local data clock/RF oscillator with e.g., macrocells, IP network

	10
	Select suitable LAC, RAC
	Select suitable LAC, RAC


7.4.1 Scrambling code selection

In general, HNB should have abilities to detect interference and scrambling code. Using the information detected, HNB selects a spare scrambling code which is not used by neighboring HNBs. For example, HNB can monitor the radio signal in its downlink bands before setting up its own cell. Then, the HNB selects a scrambling code as its operating scrambling code which is not used by the neighboring HNBs or macro cells.
Therefore, each HNB would require to be configured for a particular scrambling code on the downlink. If neighbouring HNBs use the same scrambling code, significant problems can arise since HUEs may not be able to associate with the correct HNB. In macrocell networks, scrambling codes for base stations are carefully managed so that base stations in a certain region use different scrambling codes. This, however, is not very practical for HNBs and a more autonomous method to select the scrambling codes would be useful for HNBs. The goal of such a mechanism is to minimize the number of scrambling code collisions for a given number of total scrambling codes. 

For instance, depending on the HNB deployment strategy, a certain set of scrambling codes can be reserved for HNBs, denoted as SHNB={S1, S2, …, SNsc }.  If the HNBs operate on a dedicated carrier, the HNB can scan all the available scrambling codes (i.e., Nsc=512) and the total number of scrambling codes that can be reserved for HNBs is configurable. If HNBs operate on a shared carrier (co-channel) with macrocell, a certain subset of available scrambling codes should be reserved for HNBs and these codes should not be used by any macrocell base station.

During HNB self-configuration, HNB scans for all scrambling codes and construct a set of scrambling codes which have pilot energy above detection threshold: SDETECTED={Si, Sj, …, Sk}. Note that some of the scrambling codes in the set SDETECTED can be part of the set SHNB (i.e., PSCs used by neighbouring HNBs) and rest of the set can be part of “macrocell only” scrambling codes. Then, HNB can select the “best” scrambling code based on certain criteria, for example:

· If all HNB-reserved scrambling codes are being used by neighbour HNBs 

· HNB picks a scrambling code in SHNB  with smallest amount of detected energy (i.e., smallest CPICH Ec/No and CPICH RSCP)

· Else 

· HNB picks a scrambling code randomly from set of scrambling codes that are member of SHNB  but not member of SDETECTED  
Upon failure to pick the “best” scrambling code, an alarm or some form of error indication shall be send to the network controller (e.g. Core Network, Femto Gateway, O&M server). The details of alarm triggering threshold is FFS.  

7.4.2 Carrier or UARFCN selection

In general, HNB should have abilities to select a carrier frequency using information such as interference level. For example, HNB can monitor the radio signal in its downlink bands before setting up its own cell. Once the HNB gets the inference level (RSSI) on each of its available frequencies, it selects a carrier frequency as its operating frequency which has the smallest interference.
Therefore, each HNB needs to be configured for a certain carrier frequency (channel or UARFCN) to operate on. Such a mechanism depends on the particular deployment configuration listed in section 5.1. If there is only one available carrier for all HNBs, there could be certain amount of inter-HNB interference. One solution for addressing this issue would be to use multiple carriers for HNBs. For example, HNBs in neighboring apartments can be assigned to different frequency carriers to mitigate the potential interference problems.

If macrocells operate on the same carrier as HNBs, then HNB-macrocell interference can result in a certain amount of outage and performance degradation both for HUEs and MUEs. One solution for mitigating the HNB-macro interference would be to make sure the carriers used by HNBs are not used by macrocells. Although this method reduces HNB-macro interference noticeably, it is not efficient in terms of spectrum utilization especially if HNB deployment density is not high.  Also, the total number of available carriers for an operator needs to be considered in this decision. For most operators with limited carriers (e.g., two or three carriers), sharing the carriers between HNBs and macrocells could be preferable. In this case, if a MUE goes into coverage hole of a HNB, it could perform inter-frequency handoff to another carrier frequency
. In order to minimize the number of inter-frequency hand-off events for MUEs, HNBs may prefer a certain frequency and use other frequencies only in the homes where there is noticeable interference from neighboring HNBs.

In general if an operator has N carrier frequencies: F={f1,f2,…,fN}, then HNBs are allowed to use a certain subset (FHNB) of these frequencies while macrocells can use a certain subset (Fmacro). Without loss of generality, in the following, we will assume FHNB={f1,f2,…,fK}   and Fmacro={fM,fM+1,…,fN}  where 1 ≤ K ≤ N and 1 ≤ M ≤ N. 

As a possible method for carrier selection, during self configuration, the HNB will measure the RSS values for all K carrier frequencies and find the carriers with least interference, denoted as Nomin. The accuracy of RSS measurement is [FFS]. In order to find the carrier suitable for operation, the HNB can scan all the available UARFCN or carrier frequencies and, starting from f1, choose fi if Nof_i ≤  Nomin + HNB_Frequency_RSS_margin. The usage of the parameter HNB_Frequency_RSS_margin is to adjust the tradeoff between selecting least interference carrier and concentrating the HNBs on certain carriers such that coverage hole created by macrocell is minimized. 
7.4.3 Neighbour cell list configuration and handover

HNB can gain the signal strength of each macro cell and the scrambling code detecting. HNB will select several cells which have the better signal quality. Through decoding the BCH information of these macro cells, HNB can get the information of PLMN ID, cell ID and LAI, etc., and then configure these macro cells in neighbor cell list of the HNB.

During the HNB self-configuration mode, HNB should be able to use the macrocells information detected on a set of UARFCNs to build the following cell lists:

· Intra-frequency cell list

· Inter-frequency cell list

· Inter-RAT list

In addition to the standard cell lists above, the HNB may also construct the following cell lists:

· Preferred cell camping list. This list can be a subset of the normal cell camping list and can be operator configurable (via O&M server). The purpose of the preferred cell camping list is to prioritise certain cells for HUE to camp on for load balancing, traffic and QoS control. 

· Preferred RAT handover list. This is can be a subset of the normal IRAT list and can be operator configurable (via O&M server). The purpose of the preferred RAT handover list is to prioritise the handover preference of certain RAT cells (e.g. prefer handover to EDGE over GSM/GPRS).

Upon constructed the cell lists, the HNB can broadcast some of the cell list information (in e.g. SIB11) to the UEs served by the HNB. 

When an HUE leaves the coverage area of HNB it can be handed over to macro network. In order to support the handover from HNB to macro network, HNBs should detect macro neighboring cells and add them to their neighbour cell list automatically.
In addition, when a number of HNBs may be required to be deployed as a small network, the HNB neighbour cell list can be configured automatically by the HNB or a HNB controller (e.g. Femto gateway) in order to facilitate the handover between HNBs.
To enable MNBs and network aware of the cell list information, the cell lists constructed by the HNB during self-configuration mode and/or subsequent cell list updates can be fed back to the network controller (i.e. Core Network, Femto Gateway) via either HNBAP or TR069 signalling.  

7.4.4 HNB DL power setting

HNBs with large transmit power may cause significant interference to macro network and neighboring HNBs, leading for example to dropped calls for the connected UEs on same and adjacent channels. Therefore the transmit power of HNBs should be controlled. Coverage range and interference level in different HNB deployment environments are different and varied. For this reason the HNBs should have the ability to adjust its power autonomously and/or based on the report from UEs about interference and signal quality detected by the UEs. 

HNB DL power setting is a function of HNB cell coverage, macrocell interference and other-HNB interference. Given a suitable DL operating power range, the HNB should be able to set its output Tx power by taking into account a number of criterions such as:

· The CPICH Ec/No at the expected edge of coverage of the HNB is of sufficient quality to provide adequate coverage/performance for the HNB 

· The macro layer CPICH Ec/No at the expected edge of coverage of the HNB is not severely degraded

· The adjacent-channel macro layer CPICH Ec/No at certain distance/pathloss from the HNB is not severely degraded

Out of all these three objectives, the last one is of special importance when the adjacent channel belongs to another operator, as it refers to the impact of HNB activity on the surrounding networks on adjacent channels.
7.4.5 HUE UL power setting

During HNB self-configuration, the HNB should set a maximum allowed transmit power for its UEs based on the pathloss to the neighbour NodeBs and the expected received power at neighbour NodeBs such that if its UEs were transmitting at this maximum power level they will not cause a significant UL noise rise to the neighbour NodeBs, and thus compromise the coverage or capacity significantly. The pathloss to the neighbour NodeBs can be estimated via measurements outlined in subclause 7.1. The received power at the neighbour NodeBs can be obtained either from measurements outlined in subclause 7.1 or from network (e.g. Core Network, Femto Gateway). 

Note that the process to set HUE maximum allowed transmit power should not alter the existing UE behaviour. Also, the HUE transmit power will mainly affect the macro NodeBs operating on the same frequency channels as the Home NodeB.

As the HUE transmit power does not significantly affect the surrounding macro NodeBs operating on adjacent channels (i.e. other operator’s network), the HUE power adjustment remains an operator choice.
7.4.6 LAC/RAC selection

In a CSG deployment, in order to perform user authentication for the UEs, one technique is to utilize Location Area Update/Routing Area Update procedure. This technique assumes that each HNB is configured with a LAC that is different from the surrounding macro cells and nearby HNBs, so that a UE always performs location area update when it tries to camp on the HNB. Therefore, during the HNB self-configuration mode, the HNB should be capable of selecting a suitable LAC (or RAC) from a list of available LACs/RACs.

However, the drawback of user authentication via LAU/RAU procedure is that there may be potentially a large number of LAU/RAU update reject messages generated when a HUE is not allowed to camp on to a consecutive number of HNBs under certain mobility scenarios, particularly for CSG type deployment. 

The solution to avoid generating a large number of LAU/RAU update reject messages is [FFS].
7.4.7 Extreme/Abnormal Operating Conditions
There are certain conditions whereby the HNB might not be able to provide optimal RF performance to its HUEs, such as not having an accurate picture of the surrounding RF environment or the RF self-configuration algorithms not being able to select parameters within supplied bounds. In the event of detecting an error condition the HNB may use a set of RF parameters defined by the operator which will provide restricted HNB coverage until the situation has been rectified. 

Table 7.4.7-1 provides a list of such conditions, their implications on HNB operation and suggested actions to take on detecting such conditions.

Table 7.4.7-1: Extreme/Abnormal Operating Conditions
	
	Condition
	Implication
	Possible Action

	1. 
	Lack of suitable DL scrambling Code
	HNB could degrade performance of other HNBs
	-Select alternative UARFCN if available.

-HNB could be relocated within building

	2. 
	Failure to detect BCH on downlink UARFCN
	HNB power setting & DL primary scrambling code might not be optimal

Neighbour cell list will not be generated
	-Alert operator

-HNB could be relocated within building

-Other possible actions [FFS]

	3. 
	No suitable LAC/RAC available
	If a HNB reuses a LAC within the same geographical area it is possible that a UE can camp on to neighbour’s HNB without being on its access control list.  Under this scenario the UE will not be able to receive paging messages. 
	- Alert operator

- HNB could transmit with low power to eliminate the overlap in coverage areas between HNBs that have the same LAC.

	4. 
	Location Change e.g. as indicated by different macro cell IDs on UARFCN or PLMN
	HNB is potentially in a location outside the one it was provisioned for. 

HNB can potentially transmit on a UARFCN that is not allocated to the operator.
	- Alert operator

- HNB could disable normal operation until new location has been verified

- Other possible actions [FFS]

	5. 
	Failure to detect a suitable frequency reference 
	The RF oscillator of the HNB could potentially be out-of-synch. 
	- Alert operator

- HNB could disable normal operation


7.5 Control of HNB Coverage
In principle, the HNB transmit power could be used to ensure HNB coverage. This is because the HNB coverage range and interference level in different HNB deployment environment are different and variable. With HNB adjusting its Tx power either autonomously and/or based on interference and signal quality detected and reported by surrounding UEs, the HNB coverage can be controlled.

The HNB coverage is determined by HNB output power, the data rate provided to the HUEs, and the external interference that HNB system received from macrocells and surrounding HNBs. There is no simple formula to define the HNB coverage as a function of all the parameters involved. However, the HNB coverage can be used as a trade-off in order to reduce the interference caused to the macrocells or other surrounding HNBs.  Some interference control mechanisms in section 7.2 and section 7.3 can also be used to control the HNB coverage. 
The HNB can be uplink and downlink coverage limited depending on the link budgets. The coverage of the HNB can also be controlled via dynamic switching of service-level date rates.

7.5.1 CSG
[Editor notes: detail of HNB coverage control for CSG type deployment]
7.5.2 Open access

[Editor notes: detail of HNB coverage control for open access HNB deployment]
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� Note that macrocell legacy UEs are designed to choose the best macrocell frequency to operate given that system parameters are chosen appropriately.





�This is not really necessary since the previous sentence is self-explanatory. This may actually be a bit too specific since it’s only considering a voice service and ignores HSDPA performance for MUE. It is suggested to remove the sentence.


�This already makes it very clear that this is an example algorithm. 


�The previous text was not accurate and hence it’s been replaced. In the cell edge case, when the HNB hits the minimum limit (i.e., -10dBm), the HNB coverage actually benefits since the HNB is transmitting at a higher power than needed. On the other hand, at the cell site when the HNB power hits the maximum limit, the MUE performance benefits and HNB coverage suffers. 
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