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Comments to France Telecom Orange scenario.

France Telecom Orange has presented Allgon and Mikom with a paper called “Repeater adjacent band gain setting. This paper has been presented to RAN4 as R4-021623. In the paper, a scenario where a repeater is placed “across the street” to a base station is presented. A few calculations are made to imply a suitable requirement on the repeater adjacent channel gain. This paper is a comment to the paper presented by Orange.

General comment.

· The paper from Orange represent a valid worst case scenario in terms of repeater applications. Allgon do not share the view on how the calculations and estimates should be made in all cases, and consequently Allgon has a different view on the conclusions.

· The fair reference scenario used to compare to the impact of the repeater should be where the repeater is switched off, and not the scenario where network A (operating the adjacent carrier) is switched off.

Comment on chapter 1: Repeater location towards its donor BS and in-band gain.

· The estimated maximum output power of the repeater in the UL is probably a bit low in the Orange paper. This will not alter any conclusions.

· The free space propagation model is used for interference calculations in the simulations is probably an optimistic assumption for estimates of the coupling mechanism in the repeater donor link – at least in urban environment where this scenario is valid. Experience would indicate a higher coupling loss. This is probably not too important for the figures used – an adjustment of the distance between donor BS and repeater can produce the same coupling loss value.

Comments on chapter two: Repeater location towards an adjacent carrier BS and adjacent band gain.

· In general, the two formulas are agreed, however the discussion should be expanded since power control effects are not taken into account.

· The repeater UL interference is generally not described by the maximum output power in the UL of the repeater and its adjacent channel rejection ratio (ACRR) but depends rather on the repeater gain and ACRR in combination with the input signals. This is developed  in a following section (BSB UL interference from the repeater). As a consequence (eq 3) and (eq 4) in chapter three are not agreed.

· The coupling between the BSB antenna and the repeater donor antenna is not fully described by the model used since the distance between the antennas puts them in the Fresnell zone rather than the Fraunhofer zone. The resulting coupling loss is probably 2 – 3 dB more. 1.3 m antenna height is here assumed, making the horizontal beam width approximately 30 degree and the vertical beam width approximately 7 to 8 degree for the donor antenna. The service antenna is expected to have a horizontal beam width of 65 degree and the same vertical beam width as the donor antenna. The Fraunhofer zone where the used model applies begins when the distance between the antennas is about 40 m in this case (if the antennas have half the height, 20m falls inside the Fraunhofer zone).

Comments on chapter 3: Impact of the signals between a BS and a UE propagating through an adjacent carrier repeater on this BS and UE.

· The repeater UL interference is generally not described by the maximum output power in the UL of the repeater and its adjacent channel rejection ratio (ACRR) but depends rather on the repeater gain and ACRR in combination with the input signals. This is developed  in a following section (BSB UL interference from the repeater). As a consequence (eq 3) and (eq 4) are not agreed.

· The resulting ACRR requirement is not agreed.

· The suggested ACRR requirement is very unlikely to be met by any reasonable filtering device.

Comments on chapter 4: Conclusions.

· The conclusions in the scenario presented do not take all the relevant parameters into consideration. Especially, the countermeasures to the problems, available in the site implementation are not taken into account.

· Allgon believes a certain level of co-ordination between operators will be necessary in UTRAN deployment.

BSB UL interference from the repeater.

Though some of the figures used in the Orange paper here commented are slightly objected to, they will be reused in the discussion below.

Four mechanisms that are separate in nature add to the total uplink interference from the repeater to the base station on system B:

1.
I(
 The UE’s in system A ACLR amplified by the adjacent channel gain (ACG).

2.
I(
 The signal from UE belonging to system B passing through the repeater and being distorted on their way to base station B. (With high ACRR, all the adjacent signal power can be expected to be interference. With low ACRR implying less slope in the filters, the adjacent channel power may be partly useful. With no slope, virtually all the “adjacent” power is useful.)

3.
I(
The repeater A in-band power in the uplink received by base station B’s adjacent channel selectivity.

4.
I(
The repeater spectrum emission and spurious emission in the adjacent channel.

We study each of the interference terms separately:

Discussion on I(
Eq1.
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Where the summation is over all the UE in the repeater service area, and:
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 is the transmitted power from the system A UE in the repeater service area.
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 is the coupling loss between the system A UE and the repeater service port.
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 is the coupling loss between the repeater donor port and the receiver in base station B.

The sum in Eq1 represent the total interference from all the system A UE in the repeater service area. Assume that the load factor of the cell is 75%. This will cause a noise rise in the donor BS receiver of 1/(1-L) = 1/0.25 = 4 times or 6 dB. The repeater donor coupling loss in the example is 60.5 dB and the repeater gain is 50.5 dB making the noise margin, M, 60.5 – 50.5 = 10 dB. Assume that the worse case is that all the UE in the cell are in the repeater service area. The UE in system A are power controlled by the system so that the total power in the repeater service port from all UE in system A is:

Eq2.
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And hence;

Eq3.
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Where:

NFBSA is the noise figure of the donor base station.

NFrepA is the noise figure of the repeater.

M is the noise margin (i.e. the difference between the effective donor coupling loss and the repeater gain).

Nth is the thermal noise in the channel.

LA is the load factor of the donor cell (assuming that all traffic is generated in the repeater service area, which is the worst case for I( generation).

Discussion on I(
Eq4.
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Where the summation is made over the repeater service area.

PTxUEB is the current output power of a UE belonging to network B situated in the repeater service area.

CLUEB-repA is the coupling loss between the UE belonging to network B and the repeater service port.

I( is subject to power control like the traffic in the victim cell of network B. Using the noise rise expression we can derive an expression for the total power, subject to power control, received in the cell.

Eq5.
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Where the summation is made over all the area covered by the cell in system B coinciding with the repeater service area. It is here assumed that the repeater service area is fully inside one cell in system B.

NBSB is the background noise of the victim base station in network B.

LB is the load factor of the cell in network B where the summation is made.

CLUEB-BSB is the coupling loss between the UE belonging to network B in the cell and the base station.

Due to the close proximity of the repeater to base station the coupling loss between the UEB and the BSB will be approximately equal to the coupling loss between the UEB and the repeater service port. Assuming this equality is exact can be used to develop Eq5 into:

Eq6.
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Now the sum represents the total received power in the single cell scenario. The factor before the sum can thus be said to represent the noise rise in the base station due to its traffic and  I(.

I( is subject to power control from system B and cannot be compared fully to the other three interference terms. However, we can make an estimate using the cell load factor as a measure.

Eq7.
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Discussion on I(
Eq8.
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Where the summation is made over all the UEA in the repeater service area.

GrepA 
is the gain of the repeater and

ACSBSB is the adjacent channel selectivity of the base station in network B.

The gain setting of the repeater will be depending on the coupling loss between the repeater donor port and the donor base station. Using this Eq8 can be rewritten as:

Eq9.
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The output power of the UEA is determined by the power control in network A. The worst interference will be when all the UEA in the cell are in the repeater service area. In that case we can use Eq2 to rewrite Eq9 as:

Eq10.
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Discussion on I(
This interference from the repeater is generated by the combination of amplified noise and noise and spurious power from the repeater itself. This can be modelled by:

Eq11.
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Putting figures in the above expressions we inherit from the France Telecom Orange scenario the following figures:

NFBSA = 3 dB

NFBSB = 3 dB

NFrepA = 3 dB

M = 10 dB

CLrepA-BSB = 26.5 dB

CLrepA-BSA = 60.5 dB

Further, we make the assumptions that

L = 75%

LB = 75%

NTh = -108 dBm

I( (eq3) = NTh + NFBSA(incl. Repeatereffect) + load noise rise A + M –ACLRUE – CLrepA-BSB + ACGrepA = -108 + 3.4 + 6 + 10 + -33 – 26.5 + ACGrepA = -148.1 + ACGrepA (dBm).

I( (eq7)= NTh + NFBSB + load noise rise B – CLrepA-BSB + ACGrepA = -108 + 3 + 6 – 26.5 + ACGrepA = -125.5 + ACGrepA (dBm).

I( (eq10) = NTh + NFBSA (incl. repeater effect) + load noise rise A + CLrepA-BSA – CLrepA-BSB - ACSBSB =  -108 + 3.4 + 6 + 60.5 – 26.5 - ACSBSB = -64.6 - ACSBSB (dBm).

I( (eq11) = NTh + NFrepA + ACGrepA – CLrepA-BSB = -108 + 3 – 26.5 +  ACGrepA = 

= -131.5 + ACGrepA (dBm).

Analysing the above figures, we see that three of the interference contributing mechanisms depend on the adjacent channel gain of the repeater and the last one depends on the adjacent channel selectivity of the base station in network B. Out of the three interference mechanisms depending on ACGrepA, I( and I( are negligible in comparison to I(.

The present requirements in TS25.104 requires that the BSB shall operate with the adjacent channel power of –52 dBm, which is considerably higher than the –64.6 dBm depicted in this scenario. The sensitivity to I( can thus be considered sufficient for this scenario. Especially so since all the UE in system A close to the BS B are powered down due to the power control through the repeater, and I( thus represent the total UE interference from system A in the cell.

The present requirements in TS 25.106 suggest that the adjacent channel gain will be maximum 52.5 dB over 5 MHz. However, the distribution of the gain in the adjacent channel would prevent this outcome in this scenario since the in band gain is 50.5 dB. 

For information, the amount of filtering depicted in the scenario is realised through SAW filters, which operate at relatively low power levels. They must be followed by amplification in order to make effective repeaters. As a result, the filter properties close to the active band of the repeater (i.e. the adjacent channels) is maintained over the repeater gain range. A repeater designed for high gain application s will thus maintain its adjacent carrier rejection ratio over the gain range, instead of maintaining its out of band gain.

 Assuming that the out of band gain limits in table 1 is replaced by the out of band limits in table 2, the integrated gain in the adjacent channel is 46.5 dB. 

	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

	Frequency offset from the carrier frequency, f_offset
	Maximum gain

	2,7 ( f_offset < 3,5 MHz
	50.5 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. Out of band gain limits


Table 2. Out of band gain limits
It should be noted that this filtering does not represent enough slope on the filter to justify the assumption that the energy represented in I( is interference. In fact it can be expected to be mostly useful signal, and hence I( and I( would take over as dominant interference sources from the repeater. For the sake of discussion, however, we assume that the adjacent channel gain produces only interference, and hence that the dominating interference from the repeater will be I( = -125.5 + 46.5 = -79 dBm at the base station port. 

This is clearly higher than the depicted acceptable level in the scenario by Orange. However, it can be compared to the impact from the ACLR of the UE in system A close to the repeater. When the repeater on, this impact is described by I( , but if the repeater is removed or switched of, it can be assumed that the coverage of system A close to BS B is poor and that the UE close to UE B will produce approximately maximum power. Assuming a minimum coupling loss between BS B and any UE of 70 dB, the interference caused by one UE is IACLR_UE_A = +21 – 33 –70 = -82 dBm. Thus, I( corresponds, in this scenario, to two UE from system A without repeater in the vicinity of BS B.

The UL for network A can be expected to work without much interference in this scenario.

BSB DL interference to the repeater.

The repeater will experience the approximately the same coupling to the BS in network B in the downlink as it does in the uplink. The major mechanisms for interference by the BS to the repeater can be described by:

I( , the BSB signal taken up by the repeater adjacent channel gain.

I( , the ACLR of BSB in the repeater donor port. 

I( , the unwanted emission from the BS in the repeater band.

I( can create downlink interference in network B where the signal from the repeater is dominating over the signal from the base station. This is the interference on network B that is noticeable. If the BSB signal is strong enough to impact the power budget of the repeater it will also have an influence on network A. This is clearly the case here. If we assume that the BSB is of the same type as BSA (i.e. +43 dBm output power). The input power to the repeater will be dominated by the BSB. Again it should be noted that the moderate slope in the filter depicted in downlink would not justify the assumption that this energy represents interference.

We have (dB figures):

I( = PTxBSB – CLrepA-BSB = 43 – 26.5 = 16.5 dBm

I( = PTxBSB – ACLRBSB – CLrepA-BSB = 43 – 45 – 26.5 = -28.5 dBm

I( = integration over the allowed unwanted emission in the adjacent channel - CLrepA-BSB  =

 -0.2 – 26.5 = -26.7 dBm.

I( is here so strong on the repeater donor port that the repeater is unlikely to endure the power without damage. The result would of course be that the repeater becomes the victim and that the UL discussion above becomes somewhat irrelevant since the repeater would stop operating. Note that the filtering in the repeater will not protect against this type of power level in the adjacent channel.

If the base station of system B produce maximum 36 dBm, I( would be 36 – 26.5 = 9.5 dBm, which can be assumed to be around maximum endurable input power (given the NF of 3 dB) in this scenario. 

If we compensate for the difference between the adjacent channel gain and in band gain in the repeater (i.e. the adjacent channel rejection ratio, ACRR), I( will be reduced by 50.5 – 46.5 = 4 dB, to 5.5 dBm, which is still dominating the repeater input power. 

It is clear that the stipulated repeater DL maximum power of 33 dBm and the gain of the repeater if 50.5 dB will result in saturation, and that the repeater will reduce the gain to essentially 33 – 5.5 = 27.5 dB (in-band gain).(If the repeater is unable to set the gain to 27.5 it will switch off, again becoming the victim.) I( on the service port of the repeater will here be 33 dBm. If this is assumed to be only interference it can cause problems in areas where this signal is dominant over the signal directly from the base station. However, the area where the input signal to the UE is below -25 dBm (i.e. outside the “dead zone” where blocking stops communication) is at a coupling loss from the repeater of 33 - -25 = 58 dB. Here, the coupling loss to the base station in network B is likely to be of similar magnitude, suggesting that the dead zone of BSB (i.e. CL of 36 - -25 = 61 dB) will comprise the repeater location and a large part of its dead zone. It can be expected that the repeater interference on the DL of network B will be very limited.

The signal wanted in network A is 43 – 60.5 = -17.5 dBm on the repeater donor. This will produce a useful output power of only 10 dBm, given the reduced gain. This is serious reduction of the planned 33 dBm output of network A signal from the repeater. It is clear that network A is the victim in the DL, rather than network B also in the case where BSB output power is 36 dBm.
Countermeasures on site

The low coupling loss between the repeater donor port and the ports of the base station in network B is assuming that the antennas are placed in the bore sight of the respective other antenna. The gain figures suggested in R4-021623 indicate that the donor antenna has a horizontal beam width of around 30( and a vertical beam width of 7( or 8(. At a distance of 20 m, a mounting height difference between the donor antenna and the BSB antenna of approximately 1,5 m is equivalent to a 4( offset from bore sight which corresponds to reduced coupling by around 3 dB per antenna. If the difference in height is 3 m, it is equivalent to 8.5(, which corresponds to a reduction in coupling of approximately 15 dB per antenna. 

If the antennas are mounted with a difference in height of 3 m in the depicted scenario, the resulting coupling loss between the repeater donor port and the BS in network B will be 26.5 + 15 + 15 = 56.5 dB instead. It can be noted that the antennas are still not operating in each other’s Fraunhofer zones and that as a result, the net reduction in gain may be lower than would it if the antennas were fully in the Fraunhofer zone. However, the coupling would also be less, and it can be expected that the net result of 56.5 dB reflects reality as well as, or better than, 26.5 dB does.

Further, if the horizontal bore sight angle from the donor antenna towards the BSB antenna is 30(, the coupling will be reduced by approximately 10 dB. If the angle is 45(, this reduction is around 15 dB (assuming 30( horizontal beam width). I.e. if vertical separation and horizontal bore sight angle offset are both employed, the resulting coupling is 56.5 + 10 = 66.5 or 56.5 + 15 = 71.5 respectively.

A corresponding angle from the BS antenna of 30( will reduce the coupling around 3 dB (assuming 65( horizontal beam width).

Antenna tilting will also have a similar influence.

Revisiting the different mechanisms for interference between the repeater and the base station across the street, assuming coupling loss of 56.5 dB, we get the following figures:

I( (eq3) = NTh + NFBSA(incl. Repeatereffect) + load noise rise A + M –ACLRUE – CLrepA-BSB + ACGrepA = -108 + 3.4 + 6 + 10 + -33 – 56.5 + ACGrepA = -178.1 + ACGrepA (dBm).

I( (eq7)= NTh + NFBSB + load noise rise B – CLrepA-BSB + ACGrepA = -108 + 3 + 6 – 56.5 + ACGrepA = -155.5 + ACGrepA (dBm).

I( (eq10) = NTh + NFBSA (incl. repeater effect) + load noise rise A + CLrepA-BSA – CLrepA-BSB + ACSBSB =  -108 + 3.4 + 6 + 60.5 – 56.5 + ACSBSB = -94.6 + ACSBSB (dBm).

I( (eq11) = NTh + NFrepA + ACGrepA – CLrepA-BSB = -108 + 3 – 56.5 +  ACGrepA = 

= -161.5 + ACGrepA (dBm).

I( = PTxBSB – CLrepA-BSB = 43 – 56.5 = -13.5 dBm

I( = PTxBSB – ACLRBSB – CLrepA-BSB = 43 – 45 – 56.5 = -58.5 dBm

I( = integration over the allowed unwanted emission in the adjacent channel - CLrepA-BSB  =

 -0.2 – 56.5 = -56.7 dBm.

We can see that the ACRR of 4 dB will still be insufficient to reduce the UL interference to the levels required by Orange. ACRR of 10 dB will however do this. Note, by comparison, that switching off the repeater will return the UE ACLR in close vicinity scenario, and that in the changed scenario maintaining ACRR = 4 dB, I( together with all the other interference factors, in fact represents an improvement compared to the case without repeater in the uplink for system B.

Again it should be noted that I( in the case of ACRR = 4 dB is unlikely to represent mostly interference, and that as a consequence, the BS of network B is not necessarily victimised by this mechanism. I( and I( both fulfil the interference levels required in the example, making the ACRR requirement mostly a DL requirement.

Conclusions

This demonstrates that the location of the repeater and base stations respectively depicted in the scenario in R4-021623 will not describe the entire situation. The suggested minimum coupling loss is a rather unlikely scenario and fairly simple counter measures on the installation sites can reduce the problem substantially. In fact, introducing a repeater in system A may improve the interference situation is system B (by e.g. –82 - -105 = 23 dB in the countermeasure adjusted scenario.)

It is demonstrated that the base station on the adjacent channel in this example will be a victim to a lesser extent in UL than will the repeater in the DL, even with very low ACRR performance assumed. 

It should be noted that most of the filtering in the repeater is taking place after initial low noise amplification, and that as a result; the power sensitivity of the repeater will not depend on ACRR. 

The discussed example does not justify an amendment to the repeater specification with respect to out of band gain. However, an operator may find it useful to put special requirements on the repeaters for the purpose of certain applications when choosing equipment for deployment.

It is shown that the two adjacent channels cannot be planned totally independent from each other, since the repeater may become a victim in extreme situations. Outside the scope of this document, also other mechanisms like dead zones also suggest that a certain level of coordination between operators can prove fruitful for the respective network performance.

� E.g. a high gain repeater will have a better ACRR. In the case of 90 dB maximum gain, the ACRR will be at least 37 dB. Utilising this in combination with an attenuator on the donor port makes it possible to accommodate the scenario described above. 





It is also possible for an operator to require better ACRR on low gain repeaters than minimum requirement by the 3GPP standard. However, it is not possible to produce and market products not fulfilling the 3GPP standard to accommodate operators requiring less out of band gain performance (presumably gaining a price advantage).
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