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1
Introduction

One of the main issues in Home NodeB (HNB) deployment is the RF interference arising from unplanned networks and closed subscriber group (CSG) access [1]. This contribution proposes power-control methods with varying complexities in order to reduce interference in co-channel HNB deployments. Simulation results showing improved performance of the macro cell are also presented. The contribution also surveys various proposals made in RAN4 on interference-mitigation and identifies their complexity in terms of implementation.  

2
Power control methods for Home NodeB
It is well-documented that fixed transmission power setting of the Home NodeB adversely impacts the macro user performance and this effect becomes even more pronounced for high Home NodeB (HNB) densities (see [2]-[4]). For instance, for increasing HNB densities, weakening of macro coverage is studied in [2], while macro-cell capacity loss is investigated in [3]. This motivates the need to perform HNB transmission power control. Contributions [5]-[8] study such power control methods for enhancing both DL and UL performance. Here, we focus our attention on DL interference mitigation. We propose newer power control schemes and classify them in terms of implementation complexity along with current proposals. Broadly speaking, the interference management methods in DL are as given in [9]:
· Calibration of HNB transmit power based on measurements

· Limiting maximum HNB transmit power
· Inter-frequency handovers for macro UEs in a coverage hole

Next, we investigate mechanisms for calibrating the transmission power of HNBs, which in turn may be the most effective method to contain DL interference
2.1. Geo-static transmission power 
First we study the impact of HNB transmit power on macro layer coverage by looking at the P-CPICH coverage probability. For a macro UE i, the P-CPICH SINR Ec/No is given by
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where PNB,K is the transmit power from neighboring macro cells (varied randomly), PHNB is the transmit power for all HNBs in the serving macro cell (assumed equal for now) and N is the Noise power. LM and LH are the path loss values used between the Macro UE to the Macro BS and Home Node B respectively. They are given by [10]
                               LMk,i (db) = 128.7+ 37.6*log10(dk,i (km)), and 
                               LHk,i (db) = 7+ 56*log10(dk,i (m))+qW.
Here q is the number of walls and W denotes the wall partition loss. Parameters used in this simulation study is given in the following table
	Parameter
	Value

	Cell Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site distance
	1732m

	Carrier frequency/ Bandwidth
	2 Ghz/5 Mhz

	Total BS Tx power
	20 W(for entire site)

	Average BS Tx Power
	15 W (for entire site)

	HSDSCH Power
	65% (of max power)

	Macro P-CPICH power
	1 W (per sector)

	Wall penetration loss
	10 db

	Number of HNBs
	200

	HNB activity factor
	0.5

	HNB Tx Power/ P-CPICH power
	PHNB / 0.1PHNB

	UE noise figure
	9 dB


We consider a Macro UE to be in outage if P-CPICH Ec/No is less than a threshold value to =-25 dB for more than 2 percent of the time
. It is clear that outage probability of a macro UE will be influenced by both its proximity to the serving macro cell as well as its distance to the nearest interfering Home Node B. We study this two-dimensional relationship in the scatter plots in figures 1 through 4, which show both UE positions and outage probabilities for various HNB transmit power levels. The UE positions shown in green indicate accessibility to the macro cell control channel, while the positions shown in red indicate that the corresponding UEs are in outage. We then proceed to make the following observations:

· The coverage probability of Macro UEs close to the serving macro cell is not influenced by presence of HNBs, even as Tx power of HNBs increases.
· The coverage probability of Macro UEs in the cell edge is sensitive to the distance to its nearest HNB interferer. Moreover the coverage probability deteriorates quickly as the HNB transmit power increases.
This shows that the network can set the transmit power of Home NodeBs depending on which “zone” they lie. Since HNB deployments will be unplanned, the “power zones” of the HNB are segregated simply based on the distance to the macro-cell. The zone and the power level of the HNBs can be pre-configured and/or modified over the broadcast channel. The power setting will not change, except in the case of relatively rare events like macro cell-splitting or HNB relocation. An example of such a power-zone division is shown in figure 5. Clearly, UE positions in outage will be far fewer than when all HNBs transmit at the maximum power level. 
We note that contribution [6] has suggested a similar pathloss-based power control function: the Home NodeBs closest to the macro-cell transmit at maximum permissible power, while Home NodeBs away from the macro-cell transmit at the minimum power level.
[image: image2.png]02 03 04 05 05 07 08 09

o1

§ 5 8 & 3 § &
[ BN .

5 g g Ed g “

e e e e ]

Distanceofthe UE fro the macro Noded (km)

Distanc ofthe UE fromthe macro NodeB (km)




          Fig1: HNB transmit power = -10dbm 



 Fig 2: HNB transmit power = 0dbm
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Fig3: HNB transmit power = 10dbm       


     Fig 4: HNB transmit power = 20dbm
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Fig5: Power Zone segregation for HNBs
2.2. HNB-calibrated transmission power
Contributions [6] and [7] have proposed methods wherein HNBs calibrate their DL transmission powers in a distributed fashion. 
More specifically, in [6] the transmit power is calculated separately for each HNB location based on the assumption that the HNB does not cause a “dead zone” (out-of-coverage area) of not larger than x dB for a macro UE in the vicinity
In [7], the transmit power of HNB is set to be the minimum of these 2 constraints

· Maximum HNB Power needed to enforce a CPICH Ec/No of t1= -18dB for a MUE located 80dB away from HNB (i.e. protect Macro user)
· Minimum power needed to maintain a SIR cap of t2= -5dB for HUE 80dB away (i.e prevent unnecessary interference to other HNBs)

For these schemes, each HNB needs to know (a) total signal strength from all the other NodeBs including MNBs and HNBs, which in turn comes from RSSI measurements and (b) Pilot strength from the strongest MNB, which comes from RSCP measurements. 
Error in measurements is bound to occur as the HNB location is different from the actual UE location. In order to prevent worst cases errors, hard upper and lower limits on HNB transmit power need to be enforced. In other words PHNB lies in a range [Pmin ,Pmax].
Possible drawback with such calibration schemes is conservatively accounting for a Macro UE in the vicinity. Moreover thresholds may need to be configured based on HNB location. This is studied in more detail in the companion document [12]. 
2.3. Adaptive transmission power
The DL Carrier to Interference ratio (CIR) for a macro UE i is given by
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where  is the HSPA non-orthogonality factor (taken to be 0.4) and Pi is the power in the shared data channel reserved for user i. Note that PHS-DSCH is the maximum power that can be utilized for the DL shared channel (assumed to be 65% of Pmax)
The downlink HSPA bit-rate at time t is then given by the modified Shannon’s equation [10]:
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where S(t) is the set of the users scheduled in time t. 
When all HNBs use equal Tx power, it is easy to see that CIR and hence RNB decreases with the number of HNBs in the macrocell. In this power control scheme, the network provides each HNB k with a target bit-rate Tk. The HNBs collect the CIR measurements from the Home UEs they serve and use this to schedule a set of UEs in each transmission opportunity. Equation (1) will in turn, determine the DL bit-rate from a particular HNB. Then the HNBs can regulate their transmit power so that their target bit-rates are just met. The actual power control algorithm is given below:
At every scheduling instant, for all HNBs k=1,2,..,K
· Home NodeB k checks to see if the DL bit-rate RHNB is in the range [Tk,Tk + ], for some constant 
· If not, Home NodeB adjusts its transmit power level Pk accordingly 

· The adjusted power level Pk must lie in a permissible range [Pmin,Pmax].  

Simulation studies were conducted for the simple case where target rates for all HNBs are set equal. The following parameters were used for modeling in addition to Table 1. 
	Parameter
	Value

	Number of HNBs
	Varied between 10 and 300 

	Number of HUEs
	1-4 under each HNB

	Number of MUEs
	40

	Path loss model (HNB to HUE)
	38.45 + 20*logd + qW

	Wall Partition Loss
	10db


Note that q is the number of walls. Now figure 6 gives the relationship between the Macro cell throughput and the Number of HNBs. Low rate settings for HNB give as much as 15% Macro-cell throughput enhancement even when the HNB deployment is relatively sparse. This benefit jumps to 33% as HNB deployments get denser. Figure 7 plots the linear relationship between the total cell throughput (i.e the sum of all femto throughputs + macro throughput) and the Number of HNBs in the cell. This is because in spite of power control, the HNBs can operate at much higher spectral efficiencies than their macro counterpart. As a result, the contribution from macro cell to the total throughput is negligible. Figure 8 shows the throughput distribution of macro users for a given number of HNBs and target bit rate, when (a) HNBs perform no power control mechanism and (b) HNBs perform the adaptive power control described. Figure 9 through 11 show the throughput distribution of 50-percentile macro users (i.e the 20 users with the worse channels) for different HNB densities, which in turn demonstrates that adaptive power control benefits apply fairly to all macro users and not just users with good channel conditions. 
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                                 Fig 6: Macro Cell throughput vs Number of HNBs
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                           Fig 7: Total Cell throughput vs Number of HNBs
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         Fig 8: Macro user throughput distribution (300 HNBs)      
          Fig 9: 50-percentile MUE thru. distribution (300 HNBs)
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       Fig 10: 50-percentile MUE thru. distribution (100 HNBs)                       Fig 11: 50-percentile MUE thru. distribution (200 HNBs)
3 Conclusions

We discussed the need for transmit power control solutions for HNBs to enhance macro user performance and enable scalable deployments. We grouped current power control proposals in terms of their implementation complexity. The following table summarizes the key features: 
	Scheme
	Power control function
	Pros and Cons
	Parameter that needs standards support

	Geo-Static
	Macro-cell to HNB distance
	Low complexity, PHNB statically configured via OAM or BCCH
	Max and Min HNB transmit power levels (Pmax / Pmin), BCCH support for Zone-Power configuration

	HNB-calibrated
	RSSI, RSCP, Dead zone coverage (Xd), Desired HNB coverage (XHNB), Pmax, Pmin
	Conservatively assume that a macro UE is always interfered with, errors in emulating Macro UE for measurements
	Xd, XHNB (ideally should be configurable), 
Pmax, Pmin

	Adaptive
	CIR from HUE, Target rate from network, Pmax, Pmin
	Reasonable complexity for HNB
	Pmax, Pmin , “Target rate” control command to HUEs


4 References

[1] 3GPP TS 25-104 v8.0.0
[2] R4-071263, “System simulation results for Home NodeB interference scenario #2”, Ericsson.
[3] R4-071660, “Impact of HNB with fixed output power on macro HSDPA capacity”, Ericsson.        

[4] R4-070902, “Initial Home NodeB coexistence simulation results”, Nokia-Siemens. 
[5] R4-071540, “LTE Home Node B downlink simulation results with flexible Home Node B power”, Nokia-Siemens.
[6] R4-071661, “Impact of HNB with controlled output power on macro HSDPA capacity”, Ericsson.
[7] R4-081344, “HNB and Macro Downlink Performance with Calibrated HNB Transmit Power”, Qualcomm Europe. 

[8] R4-081345, “HNB and Macro Uplink Performance with Adaptive Attenuation at HNB”, Qualcomm Europe. 
[9] R4-081346, “Interference Management Methods for HNBs”, Qualcomm Europe. 
[10] R4-071617, “HNB and HNB-Macro Propagation Models”, Qualcomm Europe.
[11] Rysavy Research, “EDGE, HSPA and LTE – The Mobile Broadband Advantage”, 
 September 2007.

[12] R4-082046, “Impact of Transmission Power control on HNB and MNB coverage in dense-
 urban environments”, Motorola
















































� This outage criterion may not be commonly used. We just use it to qualitatively estimate HNB impact on macro network coverage. 
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