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Introduction

During the Home NodeB Ad Hoc held in RAN4 48bis meeting, it was agreed to merge the Text Proposals proposed by the following contributions to create a revised and merged Text Proposal for how to control HNB DL. This contribution provides the updated Text proposal, based on the following contributions:
	R4-082313
	6.4
	Approval
	Text Proposal for HNB TR25.9xx: Guidance on DL interference mitigation

	R4-082566
	6.4
	Approval
	Test Proposal on power management for HNB

	R4-082415
	6.4
	Approval
	Test Proposal on power control for HNB


Merged Text Proposal on TR 25.XXX Home NodeB RF
============ Start of Text change ==============

7 Guidance on how to control HNB interference

7.3 Control of HNB DL

7.3.1 Control of HNB power 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 7.3.1-1.

[image: image1.emf]
Figure 7.3.1-1: 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 7.3.1-1. 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 7.3.1-1: 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 7.3.1-2.
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Figure 7.3.1-2: 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 7.3.1-3. 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.
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Figure 7.3.1-3: 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. 

The following algorithm, for example, may 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 co-channel and adjacent-channel MNBs. 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 7.3.1-2: 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 7.3.1-3 and 7.3.1-4 for cell edge and cell site cases, respectively. 

Table 7.3.1-3: Performance for cell-edge scenario based on the HNB Tx Powers in Table 7.3.1-2
	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 7.3.1-.4: Performance for cell-site scenario based on the HNB Tx Powers in Table 7.3.1-2
	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, 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 7.3.1-5.

Table 7.3.1-5: 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 7.3.1-4.
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Figure 7.3.1-4: 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 7.3.1-6: 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 7.3.1-7. 
Table 7.3.1-7: 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 7.3.1-2 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.
The HNB power control algorithm may follow a “self-calibration but centralized-tuning” approach. 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 macro network may compute the desired thresholds for these parameters and communicate to the HNBs at a slower 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 example techniques to enable power control of HNBs are proposed below. Note that these techniques are not mutually exclusive but can co-exist with each other. 
· Dynamic power calibration of HNB
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 macrocell BS using the backhaul, it is possible for HNB to get more information from macro NodeB, such as the close-by macro UE’s target signal to noise ratio (SNR), measured SNR, and received power. The HNB can then determine a maximum allowed transmit power in order not to interfere with macro UEs. 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.
· Control channel – Data channel power ratio

The ratio of HNB control channel power to HNB data channel power is allowed to be appropriately increased by fixing the control channel power but reducing the maximum data channel power depending on the expected throughput. This will ensure that the coverage area for HUEs does not diminish but the allowed total transmit power of HNBs reduces. This will result in improved macro cell performance and reduced HNB maximum power requirement. Note that the HNBs can support relatively high data rates even at low data channel power settings.

7.3.2 Control of HNB power to other HNB

Similar principles as in Section 7.3.1 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.
============ end of the change ==============
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