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This paper intends to give Ran4 delegates the views from Orange on co-existence issue due to the introduction of a repeater in a UMTS/FDD system. It could help tighten the specification of repeater adjacent band gain for 3GPP TS 25.106 in order to limit adjacent band interference transmitted by a repeater.

Indeed today specifications for repeater out of band gain are the following ones:

	Frequency offset from the carrier frequency, f_offset
	Maximum gain

	2,7 ( f_offset < 3,5 MHz
	60 dB

	3,5 ( f < 7,5 MHz
	45 dB

	7,5 ( f_offset < 12,5 MHz
	45 dB

	12,5 MHz ( f_offset
	35 dB


Table 1: TS 25.106, Repeater out of band gain limit
It means that the repeater adjacent band gain is the same (around 53dB) when the in-band gain is between 90dB and 60dB and is not accurately defined when the in-band gain is under 60dB.

1. Repeater in-band gain and location towards its donor Base-Station 
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	Repeater gain in operating band
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	Repeater gain in adjacent band defined by the repeater gain in operating band minus Adjacent Channel Rejection Ratio (ACRR)
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	Maximum DL power transmitted by a repeater=33dBm

	
[image: image4.wmf]max

Re

UL

p

P

-


	Maximum UL power transmitted by a repeater=0dBm
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	Maximum power transmitted by a BS=43dBm
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	Coupling loss between the repeater and its donor BS
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	Repeater noise figure=3dB
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	BS noise figure=3dB


Table 2: Abbreviations used in the document [1]
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Figure 1: Location of a repeater towards its donor BS

· Theoretical formulae:

The repeater gain and its DL maximum output power have to respect the following relation with a view to preventing the repeater saturation: 
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(eq 1)

Indeed the maximum power transmitted by the donor BS and amplified by the repeater gain must not exceed the maximum DL power transmitted by the repeater.

Moreover the thermal noise received by the donor BS and coming from the repeater must not desensitize the donor BS receiver.  As a result this thermal noise coming from the repeater must at least be 10dB under the BS thermal noise floor.
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(eq 2)
· Numerical result example taking Table 2 values into account:

	Repeater-donor BS distance
	 1km

	Path loss value with LOS model taken from TR 25.942 

LOS = 95.5+20*log (d) (km)
	95.5dB

	Donor BS antenna gain + feeder losses
	15dBi

	Repeater donor antenna gain + feeder losses
	20dBi

	Required coupling loss between the repeater and its donor BS (CLBS-Rep)
	CLBS-Rep =95.5-15-20=60.5dB

	Required repeater gain (GRep) in operating band in order to respect both (eq 1) and (eq 2)
	GRep =50.5dB


Table 3: Calculation of the required repeater gain when the distance between the repeater and its donor BS is 1km.

As a result for current inter-site distance such as the ones used in TR 25.942 the repeater gain in the operating band must be rather low (under 60dB).

Since low repeater gain are rather required it is then necessary to have a 3GPP recommendation on the repeater adjacent band gain in order to prevent the desensitization of other operators BS when the repeater in-band gain is low. 

2. Impact of the signals between a BS and a UE propagating through an adjacent carrier repeater on this BS and UE

In this paragraph two networks (A & B) are taken into account. Each network works with a carrier adjacent to the other network one. It is considered that a repeater belonging to network A is rather close to a base-station belonging to networks B and amplifies a signals path between BSB and UEB as shown in Figure 2.
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Figure 2: Scenario considered in this paragraph

Since the repeater filter in the adjacent band may badly distort BSB-UEB path trough the repeater [1] this path is assumed to be interference for both UEB and BSB. 

As a result in UL, BSB received interference increases as well as UEB transmitted power and in DL, UEB received interference increases as well as BSB transmitted power on the dedicated channel. If those increases are significant the radio link between UEB and BSB can be cut.

· UL theoretical formula:

The power level of the interference received by BSB (I_BSB) and coming from UEB through the repeater can be evaluated in log scale with the following formula:
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· DL theoretical formula:

The power level of the interference received by UEB (I_UEB) and coming from BSB through the repeater can be evaluated in log scale with the following formula:
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Both these interference power levels should be at least 10dB under the receiver thermal noise floor of the BS and the UE in order to prevent the receiver desensitization of each device. This rule leads to a condition on the repeater gain in adjacent band (ACRR). The power transmitted between UEB and BSB depends on the relative location of both these devices as well as the service used by UEB (power control).  Thus even if UEB and BSB are quite far from each other, this issue may occur.

The minimum distances that can be taken into account here are 20m between BSB and RepeaterA and the minimum coupling loss (MCL=70dB [1]) between UEB and RepeaterA. The worst case happens when the three devices are aligned.

3. Numerical example in UL: Repeater location towards an adjacent carrier BS and adjacent band gain 

In this paragraph the impact of the repeater emissions on a BS working at a carrier adjacent to the repeater one is analyzed. This analysis aims then at finding the required repeater adjacent band gain to prevent the desensitization of the base-station working with a carrier adjacent to the repeater one.

Two networks (A and B) working with two adjacent carriers are considered. Repeater A amplifies BSA and disturbs BSB. Figure 3 illustrates these assumptions.
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Figure 3: Location of a repeater towards an adjacent carrier BS

· Theoretical formula:

Because of the repeater gain in adjacent band (GRep -ACRR= GRep-Adj [dB]) BSB receives interference in its operating band (I_BSB) coming from the repeater. This interference maximum power level depends on the maximum UL power transmitted by the repeater in the adjacent band (
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) and the coupling loss between the repeater and the adjacent BS. It can be evaluated with the following formula:
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(eq 3)

In order not to desensitize BSB, I_BSB should be at least 10 times smaller than BSB thermal noise floor that leads to a condition on ACRR:
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(eq 4)

· Numerical result example taking Table 2 values into account:

When two operators do not co-ordinate the location of their repeaters, the minimum distance between the repeater of one operator and the BS of an adjacent carrier operator should be less than 20m.

	RepeaterA - BSB distance
	 20m

	Path loss value with LOS model taken from TR 25.942 

LOS = 95.5+20*log (d) (km)
	61.5dB

	BSB antenna gain + feeder losses
	15dBi

	RepeaterA donor antenna gain + feeder losses
	20dBi

	Required coupling loss between RepeaterA and BSB (CLBSB-RepA)
	CLBS-Rep =61.5-15-20=26.5dB

	Required ratio (ACRR) between repeater in band gain (GRep) and repeater adjacent band gain in order to respect (eq 4)
	ACRR=88dB (instead of 37dB when GRep=90dB [1])


Table 4: Calculation of the required ACRR when the distance between RepeaterA and BSB is 20m

This is a worst-case calculation but it gives an idea of the ideal range of the required rejection in adjacent band.

4. Conclusion

These quick and worst case analyses lead to the following conclusions:

· An "off the air" repeater can be used with an in-band gain lower than 60dB because of the minimum isolation required between a repeater and its donor base-station. It is then necessary to have a 3GPP requirement on the repeater adjacent band gain for in-band gain lower than 60dB (and not in function of output DL power).
· The repeater adjacent band gain requirement is supposed to limit the interference due to the signal path between a BS and a UE through the repeater of an adjacent channel operator.

· To make possible the deployment of a repeater in a UMTS FDD system without coordination between operators the repeater adjacent band gain (ACRR: Adjacent Channel Rejection Ratio) must be set in order to prevent the desensitization of BS belonging to an adjacent carrier operator. For that matter the distance between a repeater and an adjacent carrier BS can be considered equal to 20m, which is still very optimistic for realistic UMTS deployments.
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