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This paper follows the one presented at last Ran WG4 meeting in New Jersey (R4-021623) and aims again at highlighting that the 3GPP current repeater out of band gain specification in TS 25.106 is not sufficient to prevent co-existence issues. This paper focuses now on the fact that operators must coordinate if they want to deploy a repeater.

1. Abbreviations and scenarios

In this paper two networks (A & B) are taken into account. Each network works with a carrier adjacent to the other network one (+/-5MHz). 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 1.
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Figure 1: Scenario considered in the document

This document aims then at evaluating the minimum required isolation between BSB and Repeater A (CLBSB-RepA) considering the repeater out of band gain requirement specified in TS 25.106:

	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

2. Phenomena to be taken into account when deploying a repeater

· BSB desensitization due to Repeater A noise

The thermal noise received by BSB and coming from the repeater must not desensitize BSB receiver more than 0.4dB.  As a result this thermal noise coming from the repeater must at least be 10dB under BSB thermal noise floor. This recommendation sets a minimum value for the coupling loss between BSB and Repeater A as described in Annex § 5.2.

· Repeater saturation:

The minimum coupling loss between BSB and Repeater A must be set with a view to preventing the repeater saturation.

Thus the maximum power from BSB received by the repeater and amplified by its adjacent band gain must not exceed the maximum DL power transmitted by the repeater (Annex § 5.3)

· BSB desensitization due to the UEB UL signals through the repeater

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

As a result in UL, BSB received interference coming from UEB signals path through the repeater adjacent band. The total level of this interference must at least be 10dB under BSB thermal noise floor in order to prevent its desensitization above 0.4dB. This rule also sets a minimum coupling loss between BSB and Repeater A as described in Annex § 5.4.

3. Numerical results

Gathering all the results obtained thanks to the formulae described in Annex, it appears that the coupling loss between BSB and Repeater A must at least be 15dB above the repeater adjacent band gain.

Thus considering the repeater adjacent band gain as it is specified in TS 25.106, this recommendation leads to the following numerical results for the isolation between BSB and Repeater A:

	Repeater A in-band gain
	Repeater A adjacent band gain following TS 25.106 requirements
	Minimum isolation required between Repeater A and BSB

	90 to 60dB
	53dB
	68dB

	55dB
	49.5dB
	64.5dB

	50dB
	46.5dB
	61.5dB

	45dB
	45dB
	60dB


Table 2: Numerical values of the required isolation between BSB and Repeater A.

4. Conclusion

The results listed in Table 2 shows that a significant isolation is required between a repeater and a BS working with a carrier adjacent to the repeater one.  As a result operators will have to coordinate with their competitors when deploying a repeater. However a repeater is considered as a flexible device that can easily be deployed to compensate for coverage holes, it is then not acceptable that operators have to coordinate. That is why we would like repeaters' manufacturers to provide us with accurate clarifications on how to deploy repeaters without coordination and if necessary tighten the adjacent band gain specifications.

5. ANNEX

This annex describes the calculations performed to obtain the numerical results listed in Table1 thanks to the definitions given in § 2.

5.1. Abbreviations
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	Repeater A adjacent channel gain
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	Isolation between BSB and Repeater A
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	Repeater A noise figure=5dB
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	BSB noise figure=5dB
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	BSB maximum transmit power=43dB
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	Repeater A maximum DL transmit power=33dB
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	UEB transmit power in the UL traffic channel
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	Isolation between UEB and Repeater A
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	Thermal noise level=kTB


Table 3: Abbreviations used throughout this Annex

5.2. BSB desensitization due to Repeater A noise

The thermal noise received by BSB and coming from Repeater A must not desensitize BSB receiver more than 0.4dB.  As a result this thermal noise coming from the repeater must at least be 10dB under BSB thermal noise floor. This recommendation sets a minimum value for the coupling loss between BSB and Repeater A: 
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Considering Table 3 numerical results this leads to:
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5.3. Repeater saturation

The minimum coupling loss between BSB and Repeater A must be set with a view to preventing the repeater saturation.

Thus the maximum power from BSB received by the repeater and amplified by its adjacent band gain must not exceed the maximum DL power transmitted by the repeater:
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Considering Table 3 numerical results this leads to:
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5.4. BSB desensitization due to the UEB UL signals through the repeater

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

As a result in UL, BSB received interference coming from UEB signals path through the repeater adjacent band. The total level of this interference must at least be 10dB under BSB thermal noise floor in order to prevent its desensitization above 0.4dB. This rule also sets a minimum coupling loss between BSB and Repeater A as described with the following formulae: 

This interference due to UEB signals propagating towards BSB through the repeater adjacent band is equal to:
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Let suppose that all UEB covered by BSB are also under Repeater A coverage. Thus the total interference received by BSB is:
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and taking into account BSB noise rise (NRBSB=Io/ 
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  (Eq 1)

If the minimum coupling loss between BSB and Repeater A is rather low as required then 
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 is quite equivalent to 
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Thanks to this last assumption and (Eq 1), 
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 can be evaluated by:
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To prevent BSB from being desensitised more than 0,4dB by 
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 should at least be 10dB below BSB thermal noise floor, that is to say: 
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This leads to a new condition for the isolation between Repeater A and BSB:
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If BSB noise rise is 6dB that is to say 75% load and considering Table 3:
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This last condition for the isolation between Repeater A and BSB is the most restricting one and is taken into account in the numerical results listed in Table2.
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