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1. Introduction 

Concern regarding the repeater gain amplifying unwanted emission from the donor base station has been raised. As a counter measure to this, a minimum donor coupling loss, describing the attenuation between the donor base station transmitter port and the repeater donor port has been suggested (R4-021348) as an amendment to TS25.106 and TS25.143. In that amendment, the out of band gain definition used to determine the minimum donor coupling loss recommended by the repeater manufacturer is fully determined. This paper aims at discussing the out of band gain, and suggest a definition for this purpose.

2. Discussion

In R4-021348 it is suggested that the out of band gain in combination with the minimum donor coupling loss shall not result in a positive out of band gain in the frequency range f_offset > 12.5 MHz. It is also noted that the situation for the frequency area inside the range of f_offset < 12.5 MHz shall be further investigated.

For the 1:st and 2:nd adjacent channels, the concern is that the spectrum emission from the input signal is not amplified so that the spectrum emission mask on the output power is superseded. The different spectrum emission masks for different power classes complicate the scenario.

The following tables are illustrating the scenario.

Repeater power class 30 dBm

	Donor base station power class.
	In band gain to achieve full output power
	Allowable gain for fulfilling the 2:nd adjacent channel spectrum emission mask requirement*
	Allowed gain for f_offset > 12.5 MHz

	30
	0
	0
	0

	31
	-1
	0
	0

	32
	-2
	-1
	0

	33
	-3
	-2
	0

	34
	-4
	-3
	0

	35
	-5
	-4
	0

	36
	-6
	-5
	0

	37
	-7
	-6
	0

	38
	-8
	-7
	0

	39
	-9
	-8
	0

	40
	-10
	-9
	0

	41
	-11
	-10
	0

	42
	-12
	-11
	0

	43
	-13
	-12
	0


*The 1:st adjacent channel requirement is defined in several different frequency bands, but follows essentially the same mechanism.

Repeater power class 35 dBm

	Donor base station power class.
	In band gain to achieve full output power
	Allowable gain for fulfilling the 2:nd adjacent channel spectrum emission mask requirement*
	Allowed gain for f_offset > 12.5 MHz

	30
	5
	4
	0

	31
	4
	4
	0

	32
	3
	3
	0

	33
	2
	2
	0

	34
	1
	1
	0

	35
	0
	0
	0

	36
	-1
	-1
	0

	37
	-2
	-2
	0

	38
	-3
	-3
	0

	39
	-4
	-4
	0

	40
	-5
	-5
	0

	41
	-6
	-6
	0

	42
	-7
	-7
	0

	43
	-8
	-8
	0


Repeater power class 40 dBm

	Donor base station power class.
	In band gain to achieve full output power
	Allowable gain for fulfilling the 2:nd adjacent channel spectrum emission mask requirement*
	Allowed gain for f_offset > 12.5 MHz

	30
	10
	9
	0

	31
	9
	9
	0

	32
	8
	8
	0

	33
	7
	7
	0

	34
	6
	6
	0

	35
	5
	5
	0

	36
	4
	4
	0

	37
	3
	3
	0

	38
	2
	2
	0

	39
	1
	1
	0

	40
	0
	0
	0

	41
	-1
	-1
	0

	42
	-2
	-2
	0

	43
	-3
	-3
	0


Repeater power class 43 dBm

	Donor base station power class.
	In band gain to achieve full output power
	Allowable gain for fulfilling the 2:nd adjacent channel spectrum emission mask requirement*
	Allowed gain for f_offset > 12.5 MHz

	30
	13
	12
	0

	31
	12
	12
	0

	32
	11
	11
	0

	33
	10
	10
	0

	34
	9
	9
	0

	35
	8
	8
	0

	36
	7
	7
	0

	37
	6
	6
	0

	38
	5
	5
	0

	39
	4
	4
	0

	40
	3
	3
	0

	41
	2
	2
	0

	42
	1
	1
	0

	43
	0
	0
	0

	44
	-1
	0
	0


Repeater power class 50 dBm

	Donor base station power class.
	In band gain to achieve full output power
	Allowable gain for fulfilling the 2:nd adjacent channel spectrum emission mask requirement*
	Allowed gain for f_offset > 12.5 MHz

	30
	20
	12
	0

	31
	19
	12
	0

	32
	18
	11
	0

	33
	17
	10
	0

	34
	16
	9
	0

	35
	15
	8
	0

	36
	14
	7
	0

	37
	13
	6
	0

	38
	12
	5
	0

	39
	11
	4
	0

	40
	10
	3
	0

	41
	9
	2
	0

	42
	8
	1
	0

	43
	7
	0
	0

	44
	6
	0
	0


The adjacent channel gain allowed has been calculated by deducting the allowed output emission mask for the donor base station from that of the repeater. The figures are taken from TS25.104, tables 6.3 to 6.6 and TS25.106, tables 9.1 to 9.4. The gain has been calculated as the output power minus the input power.

It can be noted that the allowable out of band gain for the adjacent channel is depending on the power classification of the donor base station. If the second or first adjacent channel gain is used for determining the minimum donor coupling loss it will result in either a very large margin limiting the operators use of the repeater unnecessarily or it will result in a requirement of knowledge regarding the power classification of the donor base station, making the application of the concept of minimum donor coupling loss very complicated. Either of these effects would be unfortunate.

The out of band gain requirement for f-offset > 12.5 MHz however is independent of the donor base station power classification and using this requirement to determine the minimum donor coupling loss would make the application for operators of this parameter straight forward.

The difference between the in-band gain and the allowable second adjacent channel gain is rather small for repeater power classes up to 43 dBm. It can be expected that the filtering required to achieve 0 dB out of band gain for f_offset > 12.5 MHz will result in a lower net gain than is demonstrated in the tables above.

For repeater power classes above 43 dBm it can be seen that the allowable adjacent channel gain will have a similar dependence on the donor base station power classification, but here it can be seen that the difference between the in-band gain and the allowable out of band gain is increasing proportionally to the power classification of the repeater. 

Applying different criteria for minimum donor coupling loss for different repeater power classes would make it possible to make the application of the minimum donor coupling loss for the operator the same.

Applying a margin of repeater power classification minus 43 dB when calculating the minimum donor coupling loss recommendation would make it possible to make also the higher power classification repeaters minimum donor coupling loss independent of the donor base station classification.

Repeater power classes below 30 dBm are not investigated in this paper.

3. Conclusion 

The definition of the minimum donor coupling loss relation to out of band gain can favourably be made a function of repeater power classification.

Using the out of band gain for f_offset > 12.5 MHz for determining the minimum donor coupling loss recommendation is recommendable due to simplicity in application of this recommendation.

For the repeater power class of 31 dBm to 43 dBm, the out of band gain for f_offset >12.5 MHz shall be less or equal to the minimum donor coupling loss.

Applying a margin in the repeater power class above 43 dBm when calculating the minimum donor coupling loss will make it possible to use the same field application of minimum donor coupling loss also for these repaters.

For the repeater power class above 43 dBm, the out of band gain (for f_offset >12.5 MHz) minus the maximum repeater output power plus 43 dBm shall be equal to or less than the minimum donor coupling loss.
Repeater power classes below 31 dBm needs to be further investigated.



















