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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.
In addition, guidance on HNB deployment aspects such as scrambling code and carrier selection are also provided as Text Proposal in TR 25.9xx. This will help operators to successfully deploy 3G HNB in the commercial UMTS network. 

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].
PSC
Primary Scrambling Code

RSS 
Received Signal Strength

5 Radio scenarios

5.1 Deployment configurations

//Editors note this will follow TS 25.820//

As part of the HNB deployment configurations, the HNB needs to select its scrambling code (e.g., PSC) as well as its carrier frequency. The scrambling code selection and carrier selection mechanisms depend on the particular deployment configuration. Sections 5.1.6 and 5.1.7 below provide some guidelines for scrambling code and carrier selection by a HNB.

5.1.6 Scrambling Code Selection

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 this purpose, the following algorithm can be used as a possible method for selecting HNB scrambling code:
1) Certain set of scrambling codes are reserved for HNBs: SHNB={S1, S2, …, SNsc }

· If the HNBs operate on a dedicated carrier, all the available scrambling codes can be reserved for HNBs, i.e., Nsc=512

· 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. 

2) During 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.

3)  HNB selects “best” scrambling code as:

· 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)

· Else 

· HNB picks a scrambling code randomly from set of scrambling codes that are member of SHNB  but not member of SDETECTED  

5.1.7 Carrier Selection

Each HNB needs to be configured for a certain carrier frequency (channel) to operate on. Such a mechanism depends on the particular deployment configuration listed in subclause 5.2 of 25.820. If there is only one available carrier for all HNBs, there would 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 need to be considered for 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. 

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. In order to find the carrier suitable for operation, the HNB could use the following method:
1. Starting from f1, HNB chooses fi if Nof_i ≤  Nomin + HNB_Frequency_RSS_margin, otherwise it goes to the next frequency. This will continue until a carrier is selected.

2. The parameter HNB_Frequency_RSS_margin ≥ 0dB adjusts the tradeoff between desire to select least interference carrier versus desire to concentrate HNBs on certain carriers so that coverage whole created for macrocell users are minimized. 
As an example, consider the case where N=3, where an operator has three carriers {f1,f2,f3} available. In this case, K=2, M=1. HNBs use {f1,f2} while macrocells use {f1,f2,f3}. As a result, inter-HNB interference is minimized. Furthermore this choice keeps f3 as reserved carrier for macrocells so that high mobility MUEs end up using f3 and do not experience frequent coverage holes by HNBs. Thus HNB_Frequency_RSS_margin parameter can be set to a small value. This would allow better inter-HNB interference management.

The method described above can be enhanced by coupling with the UL carrier selection [FFS].

5.2 Interference scenarios

//Editors note this will follow TS 25.820//

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

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 8.1 below.

[image: image1.emf]
Figure 8.1: DL Interference Setup

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 8.1. 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 8.1: 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 CPICH Ec/Ior [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 8.2.
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Figure 8.2: 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 8.3. 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.
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Figure 8.3: 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 be designed to have different coverage radius (i.e., link budget). For example, in a suburban scenario, the HNB can be designed to have a coverage radius of 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. 

The following algorithm can be used as a guideline to pick the HNB DL transmit power:

Algorithm: HNB Transmit Power Calibration

The transmit power of HNB is 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. Based on these measurements, the HNB determines 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 8.2: 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 8.3 and 8.4 for cell edge and cell site cases, respectively. 

Table 8.3: Performance for cell-edge scenario based on the HNB Tx Powers in Table 8.2

	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 8.4: Performance for cell-site scenario based on the HNB Tx Powers in Table 8.2
	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, and for the different designed coverage radius values. 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.

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 8.5.

Table 8.5: 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 before. 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).

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 8.4.
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Figure 8.4: Trade-off between HUE and MUE (on adjacent channel) performance as a function of HNB Tx Power for Non-Collocated Operators

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

Table 8.6: 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 performance of the HUE and the MUE at the specified coverage radius and specified HNB output power is given in Table 8.7. 
Table 8.7: 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 8.2 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. 

8.1.1 Downlink Co-channel Tests

In order to ensure some reasonable performance on DL, two scenarios are considered for HNB deployments: a) cell edge and b) cell site. Cell edge refers to the case where the HNB and UEs are at the macro cell edge and cell site refers to the case where the HNB and UEs are close to the macro cell edge. 

As described above, the HNB can be designed to have different coverage radius (i.e., link budget) depending on the particular deployment scenario (e.g., suburban, urban, dense-urban). Three categories of HNBs are considered: a) HNB designed for 70dB coverage, b) HNB designed for 80dB coverage, and c) HNB designed for 90dB coverage. A HNB designed for a particular coverage radius shall adjust its transmit power within the minimum and maximum power limits such that the MUE at the coverage radius can maintain a minimum quality of the CPICH Ec/No and the HUE can maintain an acceptable quality of CPICH Ec/No at the coverage radius. Example tests are given below for the three HNB categories. The purpose of these tests is to ensure the HNB Tx power is adjusted properly to provide good HNB coverage and limit the coverage hole on macro. 
The test set-up is as follows. The HNB under test is on frequency F1. A noise generator on F1 generates Ioc as specified in Table 8.8.  A NB on frequency F1 is set up such that the RSSI (including Ioc) and the RSCP at the HNB are as specified in Table 8.8. 

Table 8.8: Parameters for HNB DL Co-channel Tests  

	Test Parameters
	Cell Edge
	Cell Site

	PL to MNB
	140 dB
	100 dB

	RSSI at HNB
	-95 dBm
	-60 dBm

	MNB RSCP
	-107 dBm
	-67 dBm

	Ioc at HNB
	-96dBm
	-75dBm


In the following tests, the requirements are in terms of lower and upper limits for HNB Tx power. The lower limits are specified such that a HUE at the HNB coverage radius is able to maintain -18dB CPICH Ec/No. For the upper limits, a margin of a few dBs (~3dB) is included to allow for variations in the algorithm used for HNB Tx powers.  CPICH Ec/Ior of -10dB for HNB and -7dB for MNB are assumed. The tests assume +20dBm as the maximum allowed power for the HNB.

.8.1.1.1 DL Test for HNB designed for 70dB coverage radius

For the test scenario described in Table 8.8, the total output power of the HNB with a designed coverage radius of 70dB shall be as specified in Table 8.9.
Table 8.9: HNB Total Output Power

	Reference Condition
	MNB RSCP at HNB
	RSSI at HNB
	Ioc at HNB
	HNB Transmit Power Range

	A
	- 107 dBm
	- 95 dBm
	- 96 dBm
	-34 dBm ≤ HNB Total Tx Power ≤ -10 dBm

	B
	- 67 dBm
	- 60 dBm
	- 75 dBm
	2 dBm ≤ HNB Total Tx Power ≤ 10 dBm


8.1.1.2 DL Test for HNB designed for 80dB coverage radius

For the test scenario described in Table 8.8, the total output power of the HNB with a designed coverage radius of 80dB shall be as specified in Table 8.10.
Table 8.10: HNB Total Output Power

	Reference Condition
	MNB RSCP at HNB
	RSSI at HNB
	Ioc at HNB
	HNB Transmit Power Range

	A
	- 107 dBm
	- 95 dBm
	- 96 dBm
	-24 dBm ≤ HNB Total Tx Power ≤ -10 dBm

	B
	- 67 dBm
	- 60 dBm
	- 75 dBm
	12 dBm ≤ HNB Total Tx Power ≤ 20 dBm


8.1.1.3 DL Test for HNB designed for 90 dB coverage radius

For the test scenario described in Table 8.8, the total output power of the HNB with a designed coverage radius of 90dB shall be as specified in Table 8.11.
Table 8.11: HNB Total Output Power

	Reference Condition
	MNB RSCP at HNB
	RSSI at HNB
	Ioc at HNB
	HNB Transmit Power Range

	A
	- 107 dBm
	- 95 dBm
	- 96 dBm
	-14 dBm ≤ HNB Total Tx Power ≤ -5 dBm

	B
	- 67 dBm
	- 60 dBm
	- 75 dBm
	20 dBm ≤ HNB Total Tx Power ≤ 20 dBm


8.1.2 Downlink Adjacent-channel Test

The purpose of the test is to ensure that a HNB does not cause unacceptable interference to the adjacent channel operator. The HNB should measure the signal on the adjacent channels, such as RSSI and RSCP, and use these measurements to adjust its transmit power such that it does not cause interference for the adjacent channel operator. The test requirement is in terms of a range for HNB transmit power. As an example the upper bound can be determined by the adjacent channel operator condition to make sure that the coverage hole caused by HNB on adjacent-channel does not exceed  47dB (~2.6m free space loss). The lower bound is to ensure that HNB can provide at least 64dB of coverage (~6m including 10dB wall loss), that is, a HUE CPICH Ec/No of -18dB at 64dB from the HNB. 

The test setup is as follows. The HNB under test is on frequency F1. A noise generator on F1 generates Ioc_1 as specified in Table 8.12. A noise generator on the adjacent frequency F2 generates Ioc_2. A NB on frequency F2 transmits a pilot with the specified CPICH Ec/Ior such that the RSCP at the HNB on F2 is RSCP_2. The power at the HNB output is measured on F1. 

The HNB is assumed to transmit at full power. CPICH Ec/Ior of -10dB for HNB and -7dB for MNB are assumed. The test also assumes max transmit power of +20dBm for HNB. A margin of ±1.75dB is also added to the HNB Tx power limits.


Table 8.12: Parameters for HNB DL Adjacent-channel Test
	Parameters
	Test Case A
	Test Case B

	RSCP_2
	-92 dBm
	-82 dBm

	Ioc_1
	-60 dBm
	-96 dBm

	Ioc_2
	-85 dBm
	-75 dBm


For the test scenario described in Table 8.12, the total output power of the HNB shall be as specified in Table 8.13.

Table 8.13: Home BS Output Power limits for Protection of Adjacent Operator

	Reference Condition
	Interfering Signal Mean Power on F1
	Interfering Signal Mean power on F2
	Wanted CPICH Signal Mean power on F2
	HNB Transmit Power Range

	A
	- 60 dBm
	- 85 dBm
	- 92 dBm
	-5dBm ≤ HNB Total Tx Power ≤ 7dBm

	B
	- 50 dBm
	- 75 dBm
	- 82 dBm
	5dBm ≤ HNB Total Tx Power ≤ 17dBm


8.2 Control of HNB power relative to other HNB

8.3 Control of HNB coverage for open access HNB

==== 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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� Note that macrocell legacy UEs are designed to choose the best macrocell frequency to operate given that system parameters are chosen appropriately.
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