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1.
Introduction
In mobile communication systems, there are areas where signal coverage is not adequately accomplished by base stations. In these areas, repeaters are broadly used as an economical solution. However, there are some considerations that we should take care in expanding coverage by repeaters.

In our contribution, we present two cases that we should take care in deploying repeaters and propose a guideline to solve the problems caused in those cases.

2.
Considerations for Deploying Repeaters

A. Some scenarios that many repeaters are connected to a node B

A.1. Pico repeaters

Generally, a typical repeater or a new node B can overcome coverage holes. However, some coverage holes are not suitable to be covered by a new node B or a typical repeater from economical aspect. For those areas, very small and cheap RF repeaters, called as Pico repeater, can be used. They can effectively enlarge the service coverage to the restricted areas where RF signal cannot easily reach, i.e., the basement of building, inside area of building, underground parking area, and so on. They can be widely used in urban area because they are cheap and small. In that situation, a node B may serve tens of the Pico repeaters.
A.2. Integrated Repeater System for in-building service.

The inside of a large shopping mall or office building is a typical coverage hole. The whole coverage holes can be covered by an Integrated Repeater System composed of several tens of repeaters connected to a node B shown in figure 1.
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Figure 1. Integrated Repeater System composed of tens of repeaters for in-building service.
The pico repeaters and Integrated Repeater System may be very attractive to operators because they are very economic and efficient coverage enhancement solution. 

However, we should focus on a capacity problem. Cell capacity is decreased as the number of repeaters connected to a node B increases because the power of noise that flows into a node B in the reverse link is proportional to the number of repeaters. The amount of noise flew into node B by wired repeaters would be larger than that by wireless RF repeaters. The reduction of capacity in the reverse link is no longer negligible in the case that several tens repeaters are connected to a node B.

B. Self-Oscillation

In some situations, repeaters may exhibit an abnormal behavior. A typical example of the abnormal behavior is the repeater’s self-oscillation by the lack of isolation between Rx and Tx port, the circuit aging, and other reasons. If the self-oscillation occurs in a repeater, the repeater transmits abnormally high power due to infinite feedback. This affects the whole reverse link performance of the cell where the repeater is connected, and can make a catastrophic result. Typically, a repeater transmits its full power – i.e. about 30dBm – when the self-oscillation happens.
The probability that the self-oscillation occurs is larger for the Pico repeaters than for any other repeater types because the Pico repeaters embed service antenna. 

3.
Our Proposal

The proposed AOS function can be inserted in TR 25.956 UTRA Repeater; Planning Guidelines and System Analysis as a new Section 4.8 as follows. 

4.8. Automatic On-off Switching
Repeater can use a function called Automatic On-off Switching (AOS) to guard and to improve reverse link capacity.

The AOS function is very similar to the Auto Gain Control (AGC) function in the fact that they can prevent self-oscillation due to some reasons, such as lack of isolation between Tx and Rx ports. However, the behaviors are different when the self-oscillation occurs.

For AGC, an increase in input power to the level larger than the input level creating the maximum output power is prevented. That is, the output power is saturated to the maximum output power that the repeater can transmit if the self-oscillation occurs. While, for AOS, the output power of the repeater is zero because the reverse Tx path is disabled if the self-oscillation. Therefore, the node B connected to AOS repeaters would not be affected by repeaters’ self-oscillation at all. 

The AOS function has additional attractive function to improve reverse link capacity. It can differentiate the state that there is no active user from a normal active state and disables its reverse Tx path when there is no active user. It will reduce the unnecessary noise enhancement when there is no active user within the repeater’s coverage.
The AOS function in repeater operates as follows:

1) Detect the power level received at a repeater in the reverse link
2) Automatically disables its reverse Tx path if either pre-defined condition a or condition b is satisfied. 
The pre-defined conditions :  
a. Received power level ≤ low_limit_power during low_limit_time seconds.
b. Received power level ≥ high_limit_power during high_limit_time seconds 

3) Automatically enables its reverse Tx path if the detected power level is larger than the pre-defined power level (=low_limit_power).
4) The low_limit_time and high_limit_time are for the hysteresis.
5) The repeater with AOS function automatically switches its reverse Tx path according to the detected power level.
4
Reverse Link Capacity

The reverse link capacity with AOS repeater is analysed and compared with that without AOS. 
In these analysis examples we only consider wireless RF repeaters. Therefore, the noise enhancement by wired repeaters will be larger. 

Table 1 shows the system parameters considered in the analysis. The other values of system parameters can bring some different performance from the examples shown in this documents.

Table 1. System parameters.

	Parameters
	Definitions
	Value

	W
	Spreading bandwidth
	3.84 MHz

	Nb
	The number of mobile stations that is transmitting signal directly to a base station.
	-

	Nr
	The number of repeaters that are connected to a base station.
	-

	Nrm
	The number of mobile stations of which power is on within the coverage of a repeater.
	5 or Variable
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	Path loss between repeater i and base station
	82.4823dB (d=40m) or variable

where 
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	Noise figure of base station 
	5 dB
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	Noise figure of repeater
	10 dB or variable
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	Transmitter gain of repeater i

(transmit antenna gain+amplifier gain)
	73 dB



	Gb
	Receiver gain of base station
	17.5 dBi

	Nth
	Power spectral density of thermal noise
	-174 dBm/Hz

	v
	Voice activity
	0.67

	Rb
	Data rate
	16 kbps

	S
	Received power at a base station.
	( Minimum: -119dBm

( Average: -80dBm

( Maximum: -65dBm

	(
	Other cell interference factor
	0.8

	(
	Mean reverse link activity factor of users in repeater’s coverage
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	0.05

	(
	Repeater activity factor
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Reverse link capacity of a WCDMA adopting repeaters with AOS function can be given by 
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The details of derivation can be referred to References [2, 3] 

Figure 2~7 show the reverse link capacities analyzed for the various environments.
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Figure 2. The reverse link capacities versus the number of repeaters, Nr.
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Figure 3. The reverse link capacities versus the noise figure of repeater, Fr. (Nr =10, 30, or 50).
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Figure 4. The reverse link capacities versus the mean reverse link activity factor of users, (. (Nr =10, 30, or 50.
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Figure 5. The reverse link capacities versus the average distance between a base station and repeaters, d. (Nr =10, 30, or50).
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Figure 6. The reverse link capacities versus the number of mobile stations of which power is on within the coverage of a repeater, Nrm. (Nr =10, 30, or 50).
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Fig. 7. Reverse link capacities versus the number of repeaters when a repeater transmits signal at excessively high power level due to the abnormal behavior, e.g. power divergence by infinite feedback.
5. Conclusion

A repeater can be a promising solution for many dead spots because it has some advantages. However, repeaters may have negative impacts on the reverse link capacity in some cases. Our proposal, that is AOS function, prevent the unnecessary noise enhancement induced by repeaters and protects the reverse link capacity from harmful effects, i.e., self-oscillation, and improves the reverse link capacity.
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