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1. Introduction

This paper proposes requirements for a TDD BS TX mask and adjacent channel interference ratios that are needed to support coexistence between TDD BS’s as well as between TDD and FDD BS’s. 

2. Background

A various number of contributions have been submitted to WG4 in order to determine ACIR requirements for the TDD Mode [1], [2], [3]. In these contributions the BS–BS interference was not covered, since a Monte Carlo based method comprising the statistical behavior of MS’s was used. 

This contribution aims at covering the missing BS–BS interference scenario for both TDD/TDD and TDD/FDD co-existence. Since base stations (in general) do not move, straight forward calculations instead of the formerly used statistical approach are given.

It should be emphasized that from an UE dual mode implementation point of view requirements for both FDD and TDD modes should be kept the same as far as possible. However, having in mind the currently foreseen spectrum allocation, i.e. one carrier per TDD operator, for the BS individual RF filtering per carrier has to be used (see below) in contrast to FDD, where a BS needs to serve e.g. 3 or 4 carriers.

3. Adjacent Carrier Interference Ratio (ACIR) Requirements

It is assumed that coexistence is provided if the power leaking from a TDD BS transmitter into a TDD or FDD BS receiver only negligibly degrades receiver sensitivity. 0.8 dB degradation of sensitivity occurs if the leakage power lies 7 dB below receiver thermal noise.

The allowed leakage power results from the following budget:


kT0







-174
dBm/Hz


Receiver noise bandwidth TDD/FDD
(3.84 MHz)
65.8
dB(Hz)


Receiver noise figure (conservative) TDD/FDD

     5
dB


Receiver thermal noise power (input)


-103.2
dBm


Thermal noise above leakage




     7
dB


Allowed leakage power
TDD/FDD
approx.
-110 
dBm

The ACIR requirement for the directly adjacent carrier can be derived as follows, if the average output power of the BS transmitter is 43 dBm (BS not co-sited):


TX power





43 
dBm


TX/RX isolation*)




76
dB


Leakage power into BS receiver


-33
dBm


Allowed leakage power



-110
dBm


Needed ACIR (adjacent carrier)


77
dB

*) 76 dB isolation results from a 99%ile coupling loss of 110 dB at 500 m cell radius and 2 * 17 dB antenna gain [4].

For the second adjacent (‘alternate’) carrier, the following budget applies for co-sited BS’s 
(5 MHz guard band):


TX power





43
dBm


Antenna-to-antenna isolation



30
dB


Leakage power into BS receiver


13
dBm


Allowed leakage power



-110
dBm


Needed ACIR (alternate carrier)


123 
dB

These ACIR requirements are very high, but they can be met with proper RF filtering at the transmitter output and at the receiver input, as is shown below.

4. BS Power Amplifier Output Spectrum

An example output spectrum of a TDD BS power amplifier operating at full output power is shown in fig.1:

Shown is a worst case amplifier output spectrum, calculated with a cubical instantaneous input-to-output transfer function. The ‘shoulder’ of actually used amplifiers may be 10...15 dB lower.

The lobe structure in the right part of the diagram comes from the sidelobe structure of the TX chip filter. It disappears if proper additional filtering, e.g. in IF, is carried out between the chip filter and the power amplifier.

It is absolutely impossible to meet the stated ACIR requirements with a transmit spectrum mask as shown in fig. 1, therefore proper RF filtering has to be applied at the output of the power amplifier.
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Figure 1: Power Amplifier Output Spectrum
5. TX Spectrum Mask for Coexistence between BS’s

Fig. 2 shows a transmit spectrum mask supporting the fulfillment of the stated ACIR requirements.

The mask can be achieved by filtering the spectrum shown in fig. 1 with a properly sized 6-pole Chebychev bandpass filter with high quality ceramic resonators (state of the art), having the following key characteristics:

Passband frequency


+/- 2 MHz

Passband ripple


0.3 dB

Stopband frequency


+/- 3 MHz

Attenuation at stopband frequencies
33 dB.

If the RX bandpass filter prior to the preamplifier is sized the same way, the ACIR requirements are met as shown below.

The total dynamic range of the measurement to verify this requirement is 129 dB. A test in a dynamic range in this order of magnitude can’t be performed using present measurement equipment, i.e. spectrum analyzers. This means that special test equipment reducing the dynamic range of the tested signal would be needed. 

As a transmit spectrum results from the multiplication of the power amplifier output spectrum and the frequency response of the RF filter, it is recommended to specify the transmit mask as above and verify it by separate measurements for the transmit amplifier and the RF filter using different bandwidths as appropriate.
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Figure 2: TDD BS Transmit Mask (calculated)

6. Text Proposal for TX Mask Requirement

Assuming that an operator’s frequency block ends at +/- 2.5 MHz offset from his highest/lowest carrier, the TX mask requirement can be specified as follows:

The power, measured in 30 kHz bandwidth, shall not exceed the following values:

Offset from Frequency Block Edge

Power in 30 kHz


0 MHz-0.5 MHz


dB linear from –30 dBm to –40 dBm


0.5MHz-3.5 MHz


dB linear from –40 dBm to –108 dBm


above 3.5 MHz




-108 dBm.’

The horizontal part of the curve in fig. 2 does actually not occur, as the frequency response of the RF filter continues to fall monotonously. It was ‘artificially’ introduced to be able to check whether also the alternate carrier ACIR can be met with a TX mask having the horizontal part (if the measurement limit of the test equipment lies e.g. at –108 dBm/30kHz, it can then be assumed that the actual power is also –108 dBm/30 kHz without jeopardizing the high alternate channel ACIR requirement).

7. Text Proposal for ACIR Requirements

The ACIR requirements can be expressed as follows:

‘Under consideration of the TX mask specification above, i.e. based on the assumption that co-sited systems are not operated on adjacent carriers, the following ACIR requirements shall be met:


Carrier




ACIR/dB


Adjacent (+/- 5 MHz)


77


Alternate (+/-10 MHz)

123.

8. Frequency Response of RX Chain

If an RF filter with the same key characteristics as at the transmitter output filter is used at the receiver input, the total receiver frequency response, determined by the frequency responses of the RF filter and the matched chip receive filter, is as shown in fig. 3.

The lobe structure originates from the time sidelobes of the matched chip filter in the receiver. They disappear and the slope decays faster if further proper filtering is applied between the RF filter and this filter, e.g. in IF.
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Figure 3: Total Frequency Response of Receiver

The lobe structure is caused by the time sidelobes of the RX chip filter.

9. Achievable ACIR

Figure 4 shows the ACIR curve that can be achieved if an RF filter having the same characteristics as the TX filter is used as RX RF filter. The curve was obtained by convolving the curves in figs. 2 and 3. The horizontal part comes from the ‘artificial’ pedestal in fig. 2.

The required 77 dB are met at 5 MHz offset (adjacent carrier); at 10 MHz offset (alternate carrier) 126 dB (requirement: 123 dB) are achieved. The requirement for the adjacent carrier is harder to meet.

10. Potential Influence of RX Intermodulation

If the receiver amplifier leakage input power (following the RX RF filter) is too high, the ACIR behaviour shown in fig. 4 may be degraded.

Fig. 5 shows the output power of the RX RF filter as a function of frequency offset.

It can be seen that the RF filter output power at 5 MHz offset (adjacent carrier) is 48 dB below the power at frequency offset zero. Using this number, the following input power for the receive chain after the receive RF filter is obtained:
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Figure 4: Achievable ACIR


TX power





43
dBm


Isolation





76 
dB


Signal suppression at 5 MHz (Fig. 5)

48
dB


Receive RF filter output power


-81 dBm.

At 10 MHz offset (alternate carrier) the receive power is 96 dB below the power at frequency offset zero. Using this number, the following input power for the receive chain after the receive RF filter is obtained:


TX power





43
dBm


Isolation





30 
dB


Signal suppression at 10 MHz (Fig. 5)

96
dB


Receive RF filter output power


-83 dBm.

These powers are by orders of magnitude smaller than allowed to meet the receive intermodulation requirements, i.e. they are negligible.
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Figure 5: Relative RX Amplifier Input Power vs. Frequency Offset

11. Implementation Example

This implementation example (fig. 6) shows the use of the RF filter for transmit and receive between the TX/RX duplexer and the antenna. This is the most cost effective way to perform RX/TX filtering.


Figure 6: Implementation with common TX/RX Bandpass Filter (bold)
12. RF Filtering for co-sited Operation on adjacent Carriers

If it should principally possible to provide co-sited operation on adjacent carriers, the TX/RX bandpass has to be carried out e.g. as a 9 pole elliptic bandpass filter. The use of a filter of this type is tied to following disadvantages:

(
Ringing at the end of the TX burst ‘eats up’ more than the guard period between bursts and thus disturbs the beginning of received bursts, therefore separate TX and RX filters of same type are needed (not the case with 6 pole Chebychev bandpass).

(
9 pole elliptic filters have too high insertion loss and group delay.

(
2 filters instead of one filter are more expensive and need more space.

13. Implication for FDD BS

The FDD BS can ‘see’ the TDD signal through its wide RX bandpass filter. This is particularly critical if FDD and BS’s are co-sited. Without further RF filtering, the TDD level into the FDD receiver is the result of following budget:


TDD TX power


43
dBm


Antenna-to-antenna isolation

30
dB


TDD level into FDD receiver

13 dBm.

A leakage level of 13 dBm is orders of magnitude too high for linear operation of the FDD receiver. It has to be attenuated by a bandstop filter centered on the TDD carrier to a level that leads to intermodulation products in the FDD receiver not exceeding the allowed –110 dBm. This is the case if the output level of the bandstop filter is in the order of magnitude of –37 dBm, i.e. the bandstop filter has to attenuate the TDD signal by 50 dB. A bandstop filter with this attenuation can be implemented with 4 standard ceramic resonators.

14. Conclusion

ACIR and TX mask requirements for the TDD base station have been proposed. It has been shown that these requirements allow BS FDD/TDD and BS TDD/TDD coexistence on adjacent frequencies if not co-sited and on alternate frequencies if co-sited, respectively. Additional measures needs to be taken if systems on adjacent carriers are co-sited. The requirements are feasible using state of the art RF filtering technology. It is proposed to add ACLR and ACS requirements to TS 25.105 which should be derived from the ACIR requirements and the TX spectrum mask given in this contribution.
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