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1
Introduction

It is desirable to maintain quality of service for macrocell UEs (MUEs) when the macro network is deployed on the same frequency as CSG Home NodeBs (HNBs). It is also desirable to provide service to UEs at home by their own HNB both to provide good coverage at home and to offload capacity from the macro network to HNBs.  3GPP RAN WG4 studied interference management issues for HNBs as part of Release 8 work item [1] which resulted in Technical Report TR 25.967 [2]. While the techniques in [2] address the interference scenarios, further work may be required to further improve the performance, efficiency and capacity offload to HNBs especially when the HNB deployment density is very high. In 3GPP RAN #43, a study item was approved for Release 9 to investigate enhanced interference management for HNBs [3]. In [4], the main interference scenarios from [2] for which interference coordination techniques can provide additional benefits were identified. Also, in [5], it was argued that macro-network-assisted power adjustment of HNBs can further reduce the downlink HNB to MUE interference.    
In this contribution, interference scenarios that can benefit from enhanced HNB tx power calibration are identified. It is demonstrated that in some cases, due to mismatch of RF conditions, the HNB tx power may be unnecessarily high or unnecessarily low. Possible enhancements are discussed for achieving better trade-off between MUE protection from HNB and HNB coverage for the case of co-channel HNB-MNB deployment. It is shown that the MUE protection vs. HNB coverage tradeoff can be improved when additional information about MUEs is made available from Macro network to the HNB. It is also demonstrated that HNB transmit power levels below 0 dBm are needed for more effective HNB tx power calibration. 

2
Interference Scenarios Benefiting from HNB Power Calibration Enhancements 
The HNB power calibration algorithms are designed to provide a good trade-off between HNB coverage to HUE and reduction of interference to other UEs (MUEs and neighbour HUEs). An example of such a power calibration algorithm is as follows [2].

Each HNB measures the total signal strength (Io) 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. 

The HNB self-calibration algorithms rely on the measurements made by the HNB DL receiver (“sniffer”) for setting the HNB tx power.  An underlying assumption for these calibration algorithms is that the UEs in the vicinity of HNB observe the same or similar RF conditions from cells other than the HNB. In other words, the assumption is that the RF measurements made by the HNB DL receiver are similar to those seen by the UEs. However, there may be cases where these assumptions may not be completely valid.  This may result in a mismatch between the RF conditions seen by the HNB DL receiver and that seen by the HUE or nearby MUE. To illustrate this, consider the scenarios shown in Figure 1 and Figure 2.
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Figure 1: DL Interference Setup under HNB/HUE mismatch: The HNB near a Window Scenario
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Figure 2: DL Interference Setup under HNB/HUE mismatch: The HNB in the Bedroom Scenario

In the Window scenario shown in Figure 1, HNB placed near a window may see a stronger signal from MNB than the indoor HUE.  In this case, the power calibration algorithm responding to the higher level of signal from the MNB, sets the transmit power of the HNB to a higher value than desired for the coverage of the apartment. This higher power may create a coverage hole for the MUEs that may be passing on the street.  

The dual of the Window scenario is the Bedroom scenario from Figure 2, where the HNB is located in the bedroom while the HUE finds itself facing a stronger macro signal. Based on HNB DL receiver measurements, the HNB may set the transmit power to a lower value than desired, shrinking the HNB coverage inside the apartment. 

We illustrate the two scenarios using parameter values shown in Table 1. The two locations in the apartment are referred to as the ‘window’ location and the ‘bedroom’ location.  
Table 1: Parameters for HNB near the Window and HNB in the Bedroom scenarios
	Parameters
	Value

	PL to MNB at the window L [dB]
	120 

	PL to MNB at the bedroom L+Δ [dB]
	140

	PL between window and bedroom LWB  [dB]
	75

	MNB maximum Tx Power [dBm]
	43 

	Ioc at the window [dBm]
	-85 dBm

	Ioc at the bedroom [dBm]
	-95 dBm

	MNB Tx CPICH Ec [dBm]
	33

	HNB CPICH Ec/Ior [dB]
	-10

	MNB load factor [%]
	50

	HNB load factor [%]
	100

	Propagation loss model outside the apartment [dB], d in meters
	38.46 + 20*log10(d)  

	Wall Loss for Bedroom wall [dB] 
	10 

	Window loss [dB]
	0

	Path loss target for HNB power calibration algorithm [dB]
	80


For these scenarios, we calculate the HUE Ecp/Io value and the radius of the MUE coverage hole (distance from HNB where MUE Ecp/Io is less than -18 dB) created by the HNB. HNB uses the power obtained by running the calibration algorithm described above. 

Table 2 summarises the results for the two scenarios. In the HNB at the window scenario, the RF condition mismatch results in an aggressive power setting for the HNB. Although providing excellent coverage to the HUE, the HNB may create a sizable coverage hole outside the window, forcing MUEs in the vicinity to perform a cell reselection to another carrier or an inter-frequency handover. This results in inefficient utilization of the macro carrier shared with HNBs. In the bedroom scenario, the RF condition mismatch results in a lower than desired value for HNB transmit power. This deprives HUE of HNB coverage in some portion of the apartment. 

Table 2:  HNB Coverage and HNB-to-MUE interference for the Window and Bedroom scenarios

	
	HNB  at the Window/ HUE at the bedroom
	HNB at the Bedroom/ HUE at the window

	Calibrated HNB power [dBm]
	-2.1 dBm 
	-16.0

	Ecp/Io from HNB at the HUE [dB]
	-10.1 dB
	-22.4 (no HNB coverage)

	Radius of Macro Coverage hole [m] 
	28
	1.75


Additionally, there may be individual cases of deployment where, even when RF mismatches are absent, the desired range of coverage of HNB is not well captured by the thresholds chosen for the calibration algorithms. Examples of these cases are deployments in small apartments or large ranch houses. In the first case, the calibration may result in larger spillover of the HNB power while the second case the calibration may provide for incomplete coverage of the house. 

3
Macro Network Assisted HNB Power Calibration 

The mismatch conditions identified in Section 2 is one of the examples of cases where information available at the macro network, if made available for HNB power calibration, can improve performance. In general the macro network has more information about conditions experienced by MUEs in the vicinity of a HNB. For example, path loss measurement reports generated by MUEs in active calls in the vicinity of HNB can be used for fine-tuning of the HNB tx power calibration. In the HNB by the window scenario, frequent path loss values less than 80 dB, reported by MUEs can be used by HNB to deduce that it needs to reduce its tx power.  In the presence of such mechanisms for communicating MUE measurements from the macro network to the HNB, better HNB tx power settings can be reached by the calibration algorithms. Examples of better power settings for the Window and Bedroom scenarios are provided in Table 3. 

Table 3:  Window and Bedroom scenarios under tuned HNB power settings

	
	HNB  at the Window/ HUE at the bedroom
	HNB at the Bedroom/ HUE at the window

	HNB power [dBm]
	-14.0 
	-4.0

	Ecp/Io from HNB at the HUE [dB]
	-11.5 
	-13.1  

	Radius of Macro Coverage hole [m] 
	7
	7


It can be seen that the transmit power settings in Table 3 provide better HNB coverage/MUE protection tradeoff.  
4 
Impact of HNB on Macro UE Downlink

It has been shown in [2] that HNB tx power needs to be calibrated to provide good protection for the macro network while achieving good HNB coverage. RRC specifications [6] currently limit the lowest value signalled for Primary CPICH Tx Power to -10 dBm. For CPICH Ec/Ior of -10 dB, this sets the lowest power transmit by a HNB to 0 dBm. However, in some cases, the effectiveness of HNB power calibration algorithms is reduced because of the artificial limit of 0 dBm imposed by the CPICH signalling limit.   

To illustrate this, we have run simulations for a dense-urban neighbourhood with HNB min tx power limit of 0 dBm. We simulate a dense urban neighbourhood with 320 apartment units, with 16 units having an HNB. Out of the 16 HNBs 2 are active and transmit at full (calibrated) power and the remaining transmit only pilot and overhead. The neighbourhood in located at the macro cell edge and is shown in Figure 3. For propagation model we use an RF tool called WinProp by AWE communications. The accuracy of the tool has been validated by field measurements. More details about the model are given in Appendix. Total of 53 drops are considered. Each drop has HNBs located at different units. For each drop we log the fraction (length) of the outdoor routes (R1, R2, R3, R4) where a MUE would experience a macro Ecp/Io less than -18 dB on the HNB carrier.   Table 4 shows that with 0 dBm HNB tx power limit, in 41% of the locations on the four outdoor routes MUEs would have to be moved to another carrier. This results in inefficient utilization of the macro carrier shared by HNBs. 
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Figure 3: MUE Routes in dense urban neighbourhood

Table 4: Fraction of locations on outdoor routes for which MUEs would be moved to another carrier  
	HNB Tx power
	Fraction of locations on outdoor routes for which MUE Ecp/Io <-18 dB

	No HNB
	0%

	Calibrated with min 0 dBm
	41%


5 
Minimum HNB Tx Power

We showed in the previous section that with 0 dBm min HNB tx power, HNBs can cause a significant number of MUEs to move to another carrier even when HNB power calibration is used. This can result in inefficient utilization of the macro carrier which is shared by HNBs. This suggests that lower power levels are needed for the HNB min tx power.  
To illustrate this, we examine the range of values taken by HNB Tx Power to meet Condition 1 and Condition 3 in the HNB power calibration algorithm in Section 2 for 
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 (i.e., X1 and X3) of 80 dB. We consider a simple interference scenario for cell edge similar to the one analyzed in [2].  The parameters of the model are summarized in the Table 5.  For this model, we run the HNB Tx power calibration algorithm for different values of Ioc (i.e., interference level at the HNB from other MNBs and HNBs). No lower limit for HNB tx power is assumed. Table 6 shows the calibrated HNB power that would be set if the constraint of Pmin = 0dBm was not imposed. It can be seen from the table that irrespective of the composition of the interference, the Tx power setting is much lower than 0 dBm. 

Table 5: Parameters for co-channel deployment: cell-edge 
	Parameters
	Value

	PL to MNB [dB]
	135

	MNB RSCP [dBm]
	-102

	MNB maximum Tx Power [dBm]
	43

	MNB Tx CPICH Ec [dBm]
	33

	HNB CPICH Ec/Ior [dB]
	-10

	MNB load factor [%]
	50

	HNB load factor [%]
	100


Table 6: HNB Calibrated Tx Power for the Simple Model in Table 5 
	Ioc [dBm]
	HNB Tx Power [dBm]

	-92
	-13.0

	-95
	-14.5

	-98
	-15.5
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Figure 4: Calibrated HNB Tx Power CDFs for Dense-Urban Neighbourhood. 

If lower HNB powers are allowed, the impact on the MUE will be reduced. This means that fewer MUEs would need to move to another carrier. This results in more efficient utilization of the macro carrier shared by HNBs. To illustrate this, we repeat the analysis of Section 4 for different values of the HNB min tx power level. Table 7 summarizes the results. The results are for calibrated HNB power with min tx power limit of 0, -10 and -20 dBm. The corresponding HNB tx power distributions are shown in Figure 4. It is seen from Table 6 that if the HNB power is allowed to go down to -20dBm, the percentage of MUEs that need to move to another carrier reduces to 2%. 

Table 7: Fraction of locations on outdoor routes for which MUEs would be moved to another carrier for different HNB min power levels  
	HNB Tx power
	Fraction of locations on outdoor routes for which MUE Ecp/Io <-18 dB

	No HNB
	0%

	Calibrated with min 0 dBm
	41%

	Calibrated with min -10 dBm
	15%

	Calibrated with min -20 dBm
	2%


RRC specifications [6] currently limit the lowest value signalled for Primary CPICH Tx Power to -10 dBm. For CPICH Ec/Ior of -10 dB, this limits the lowest power transmit by a HNB to 0 dBm. However, in some cases, the effectiveness of HNB power calibration algorithms is reduced because of 0 dBm limit imposed by the CPICH signalling limit.  Therefore, it is suggested to widen the range of values that can signalled for CPICH Tx Power.
6
Conclusions and Recommendations

In 3GPP RAN #43, a study item was approved for Release 9 to investigate enhanced interference management for HNBs [3]. The goal of the study item was to identify interference scenarios where enhanced interference management techniques via signalling exchange between macro network and HNB or HNB and HNB would be beneficial. In [4], [5], and this contribution, interference scenarios benefiting from enhanced interference management have been identified and potential solutions have been proposed. More specifically, this contribution has quantified the interference impact for these interference scenarios due to suboptimal setting of HNB tx power caused by RF condition mismatch or minimum tx power limitation of HNB. For example, it has been shown that if the HNB tx power is set unnecessarily high, it can cause a significant number of nearby MUEs to move to another carrier (inter-frequency handover). This will result in inefficient utilization of the macro carrier shared by HNBs. It is demonstrated that if measurements (or measurement statistics) from MUEs in the vicinity of HNB are made available at the HNB, the HNB tx power calibration can be improved further to limit the interference to macro users while maintaining good coverage for home users. In addition, enabling lower HNB tx powers by widening the range of CPICH Tx power that is signalled by the HNB can further increase the effectiveness of HNB tx power calibration. 

As a result of the RAN4 study as part of the HNB Enhanced Interference Management Study Item [3], it is recommended that design of signalling methods for enabling enhanced interference management techniques be undertaken. 
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Appendix: Dense-Urban Neighborhood Model

The neighbourhood, roughly 200m x 200m, consists of eight buildings, four 3 story and four 5 story. On each floor there are 10 apartments, six 3-bedroom (1250 sq. ft) and four 1-bedroom (625 sq. ft), making the total number of apartments in the neighbourhood 320. The apartments contain a range of materials, selected from the material database included in the WinProp software. The materials were chosen based on comparison with field measurements. Figure 5 depicts the neighbourhood and floor layout. The neighbourhood is surrounded by generic concrete buildings of varying heights. Lying on the periphery of these buildings are three macro sectors, two being co-located at the south-east corner, one in the north-west corner. HNBs are randomly deployed in apartments with the likelihood of an apartment purchasing a HNB being dependent on its macro coverage. This creates a clustering effect where areas of poor coverage have many HNB and areas of good coverage have few. The location of the HNB in an apartment is uniformly selected from a set of up to five possible sites. Two of these sites correspond to floor locations, three to desk/table locations. The path loss profile, generated by WinProp for a sample HNB location is shown in Figure 6.
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Figure 5: (a) The dense urban neighborhood model. (b) Floor plan for each building.
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Figure 6: Path loss profile for a sample HNB location
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