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1 Introduction

3GPP RAN WG4 is currently specifying a new base station class for 3G Home NodeBs (HNB) [1]. UTRAN was not designed for uncoordinated and large scale deployment that is expected with the Home NodeBs. A new work item has therefore been initiated to investigate amendments to the UTRAN NodeB related RF specifications to support the Home NodeBs application [1], [2].
This paper studies the impact of uplink interference on the Home NodeB from an un-coordinated UE transmitting on the adjacent channel. The aim is to investigate whether existing Local Area Base Station receiver specification is sufficient to provide robustness against worst case of adjacent channel interference in a typical closed-access residential deployment. It also looks at the impacts of using AGC to provide further robustness.
This contribution has been generated as a result of simulation and modelling work carried out by members of the Radio and Physical Layer working group of the Femto Forum, a 3GPP Market Representation Partner.
2 Interference scenario and assumptions
The interference scenario consists of a Home NodeB located on a table within an apartment. Weak coverage of the Macro Network is obtained throughout the apartment. A user (that does not have access to the Home NodeB) is located next to the Home NodeB and has a call established at full power from the MUE (UE connected to the Macrocell) device. Another device, HUE (UE connected to the Home NodeB), has an ongoing call at the edge of Home NodeB coverage. The Macro and Home NodeB cellular layers are deployed on adjacent frequencies. Figure 1 illustrates the interference scenario described above.

The scenario allows evaluation of worst case uplink interference on the adjacent channel experienced by a Home NodeB in a residential deployment. AMR 12.2 kbps voice service is used in the analysis. The baseline Home NodeB configuration employs current 3GPP local area BS receiver specifications. It will be determined whether existing Adjacent Channel Selectivity (ACS) requirements can provide sufficient adjacent channel rejection. 
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Figure 1: Illustration of the interference scenario.
2.1 Parameter settings
The interference scenario shown in Figure 1 is evaluated using link-budget calculations and transceiver performance requirements as specified by 3GPP. The uplink frequency is assumed to be 1900 MHz, and the antenna gains of the Home NodeB and UEs are equal to unity. Frequency separation of 5 MHz is considered between the two cellular layers. The remaining parameter settings are given below.

Service -

AMR 12.2 kbps voice. 
MUE parameters - 
MUE max transmit power, a = 21 dBm (Power Class 4) [5].
Antenna gain = 1.
Macro NodeB parameters - 

Receiver sensitivity, RxSens = -121 dBm [3].
Required Eb/N0 for 12.2 kbps voice, Eb_N0 = 8.3 dB (without Rx diversity [3]).
Noise floor = -104.32 dBm (RxSens + 10*log10(3.84e6/12.2e3) - Eb_N0).
HUE parameters - 

HUE max transmit power, c = 21 dBm (Power Class 4).   
Home NodeB parameters - 

Adjacent Channel Selectivity (ACS) of the Home NodeB receiver, d = 63 dB [3]. The      specification states that Home NodeB should be able to decode AMR speech when the received signal strength on adjacent channel is equal to -38 dBm, while wanted signal level is at -101 dBm.  

Antenna gain = 1 (single-antenna reception).
Noise Figure = 8 dB. 

Maximum transmit power = 10 dBm.     

Indoor-indoor path loss model - 

ITU P.1238, N = 28 (2.8 x 10), n = 1, Residential deployment, [4].
3 Analysis
3.1 General
Assuming that the MUE is transmitting at maximum power, a, the minimum allowed path loss between Home NodeB and MUE is calculated as the difference between the MUE transmit power (21 dBm) and the received signal level of the unwanted signal (-38 dBm). It is equal to 59 dB, which corresponds to a minimum separation of around 4.2 m between Home NodeB and MUE. The ITU P.1238 indoor path loss model [4] is used to determine the relationship between path loss and distance. Clearly, this minimum separation cannot always be guaranteed in a residential deployment. The blue coloured curve in Figure 2 illustrates the variation in minimum separation between Home NodeB and MUE for a given MUE transmit power level. Note that it is likely for the MUE to transmit at high power levels in this interference scenario as it is located indoors and at the Macro cell edge.
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Figure 2; Minimum separation between Home NodeB and MUE as a function of MUE transmit power level, for investigated scenarios.
3.2 Use of AGC to improve robustness

One of the mechanisms available to improve robustness against adjacent channel interference is AGC, i.e., reduction in gain of the RF front end. The drawback of this technique is that there is typically a loss in receiver sensitivity. Next, we will determine the impact of reduced sensitivity on coverage range of a Home NodeB, which is usually in the order of 25 m - 30 m.
The Home NodeB is power limited in downlink as the UE power budget (21 dBm) is normally greater than the Home NodeB power budget. The HUE – Home NodeB uplink link-budget for AMR 12.2 kbps voice is given in Table 1. It is found that the UE is required to transmit at around -20 dBm to achieve a coverage range of around 25 m. Thus, there is sufficient head room available for ramping-up the UE power in response to gain reduction applied by AGC, while still maintaining the Home NodeB coverage range.

Table 1 Uplink link-budget of AMR 12.2 kbps voice on the HUE- Home NodeB radio link.
	Ref.
	Description
	Value
	Units
	Formula 

	
	Transmitter (HUE)
	
	
	

	
	Transmit power
	0.009
	mW
	Input, power allocation

	a
	As above in dBm
	-20.46
	dBm
	

	b
	Antenna gain
	0.00
	dBi
	Input, omnidirectional antenna pattern.

	c
	Body Loss
	-3.00
	dB
	Input

	d
	Cable loss
	0.00
	dB
	Input

	e
	Transmitter EIRP
	-23.46
	dBm
	a + b + c + d

	
	
	
	
	

	
	Receiver (Home NodeB)
	
	
	

	f
	Thermal noise density
	-174.00
	dBm/Hz
	Input

	g
	Receiver noise figure
	8.00
	dB
	Input

	h
	Receiver noise density
	-166.00
	dBm/Hz
	f + g

	i
	Receiver noise power
	-100.16
	dBm
	h + 10*log10(3840000)

	j
	Interference margin
	-3.00
	dB
	Input, corresponding to 50% load.

	k
	Required Eb/N0
	8.30
	dB
	Input

	l
	Required Ec/I0
	-16.68
	dB
	k - 10*log10(12.2e3/3.84e6)

	m
	Receiver sensitivity
	-113.84
	dBm
	i + l - j, minimum requirement is -107 dBm [3]

	n
	Receiver antenna gain
	0.00
	dBi
	Input

	o
	Cable loss
	0.00
	dB
	Input

	p
	Slow fading margin
	-6.00
	dB
	Input

	q
	Soft handover gain
	0.00
	dB
	Input, SHO is disabled in the Home NodeB.

	r
	Fast Fading margin
	-3.00
	dB
	Input

	s
	Allowed propagation loss for cell range
	81.38
	dB
	e-m-n+o+p+q+r+s

	t
	Cell Range
	26.40
	m
	According to ITU P.1238 indoor path loss model [4]


If the Home NodeB applies AGC and reduces the gain by 10 dB the red coloured curve in Figure 2 illustrates the resulting improvement in robustness to adjacent channel interference. The received signal strength of the interferer is equal to -28 dBm in this case. The minimum separation between the Home NodeB and MUE can be reduced to 1.8 m when the MUE is transmitting at full power. Note that Home NodeB should apply AGC only when required, i.e., when strong interference is detected. 
3.3 Impact on macro cell uplink
If the HUE transmit power is increased in response to AGC there will also be an increase in interference to neighbouring Home NodeBs as well as the Macro NodeBs. Next, the impact on noise rise at the Macro NodeB is evaluated. The noise floor at the Macro NodeB is calculated to be -104.32 dBm, as shown in section 2.1. Assuming that the HUE is transmitting at -10 dBm and the total loss of signal strength up to the Macro NodeB is 110 dB (cell edge scenario), the received signal level will be -120 dBm. Adding ACS rejection of 63 dB [3] the received in-band signal strength will be equal to -183 dBm. Thus, noise rise at the Macro NodeB due to HUE will be insignificant. However, noise rise at neighbouring Home NodeBs could become important as they will normally operate on the same frequency and may not be separated from each other by large distances. Thus, adaptive control of AGC will be required to achieve a good trade-off between own-cell interference rejection and other-cell interference. Further, it is recommended to limit the maximum HUE transmit power to maintain system stability, as suggested in [6].   
4 Summary
In this paper the impact of adjacent channel uplink interference on the Home NodeB has been investigated using a typical residential deployment scenario where the receiver can be exposed to strong blocking signals from un-coordinated UEs. The interference scenario involves a UE (MUE) connected to the Macro NodeB and transmitting at maximum power (cell edge scenario) being in close proximity of the Home NodeB. At the same time another UE (HUE) is connected to the Home NodeB at the edge of its coverage. The evaluation is based on link-budget calculations using 3GPP specifications pertaining to the local area BS class. It is assumed that the Macro NodeB and Home NodeB are deployed on adjacent frequencies. Further, analysis considers impact of interference on AMR 12.2 kbps voice service.

The minimum Home NodeB – MUE separation as a function of MUE transmit power level is determined. It was found that if the MUE is transmitting at the maximum power of 21 dBm it needs to be separated from the Home NodeB by around 4.2 m. The minimum Home NodeB – MUE separation can be reduced by employing Automatic Gain Control (AGC) at the Home NodeB. If a reduction in gain of 10 dB is applied by AGC the minimum MUE – Home NodeB separation can be reduced to 1.8 m. Further, it was shown there is sufficient head room available for ramping-up the HUE power in response to gain reduction applied by AGC, while still maintaining the Home NodeB coverage range of 25 m - 30 m.
The increase in HUE transmit power normally results in an increase in noise rise at the Macro NodeB. It was found that the increase in noise rise is insignificant due to sufficient ACS rejection at the Macro NodeB and transmission of a low power level at the HUE. Adaptive control of AGC is required at the Home NodeB to achieve a good trade-off between own-cell interference rejection and other-cell interference. Further, the maximum HUE transmit power should be limited in order to maintain system stability, as suggested in [6].

5 Conclusions

It is recommended to add a new test case for adjacent channel rejection to the newly created Home NodeB class specification [3], where the wanted signal mean power is set at -91 dBm and the interfering signal mean power is set at -28 dBm. The BER for the reference 12.2 kbps speech signal should not exceed 0.001. The purpose of this test will be to verify the correct working of AGC. The Text Proposal for amendments to the relevant section in TS 25.104 is provided in the next section.
6 Text Proposal

==== Start of changed section ====

7.4
Adjacent Channel Selectivity (ACS)

Adjacent channel selectivity (ACS) is a measure of the receiver ability to receive a wanted signal at is assigned channel frequency in the presence of an adjacent channel signal at a given frequency offset from the center frequency of the assigned channel. ACS is the ratio of the receiver filter attenuation on the assigned channel frequency to the receiver filter attenuation on the adjacent channel(s).

The interference signal is offset from the wanted signal by the frequency offset Fuw. The interference signal shall be a W-CDMA signal as specified in Annex C.
7.4.1
Minimum requirement

The BER shall not exceed 0.001 for the parameters specified in Table 7.3.

Table 7.3: Adjacent channel selectivity

	Parameter
	Level

Wide Area BS
	Level

Medium Range BS
	Level

Local Area BS
	Home NodeB


	Unit

	Data rate
	12.2
	12.2
	12.2
	12.2
	kbps

	Wanted signal mean power
	-115
	-105
	-101
	-91
	dBm

	Interfering signal mean power
	-52
	-42
	-38
	-28
	dBm

	Fuw offset (Modulated)
	5
	5
	5
	5
	MHz


==== End of changed section ====
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