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Information and Discussion
1. Introduction

In E-UTRA frequency band definitions [1], there are adjacent frequency bands assigned to TDD and FDD operations respectively. If competing operators offer E-UTRA services using those adjacent TDD and FDD frequency bands in the same geographic area, interference between those adjacent bands will cause significant performance degradations. Discussions on UE to UE interference issues with those adjacent TDD and FDD bands have been carried on in the past few RAN4 meetings [2-4]. In this paper, we will take a look at, from base station point of view, the coexistence issue of those adjacent band TDD and FDD systems. Specifically, we will look into the base station to base station interference issues for the three most problematic scenarios: 
1).  TDD Band 33 transmitter (1900-1920 MHz) to FDD band 1 receiver (1920-1980 MHz) interference 
2).  TDD Band 38 transmitter (2570-2620 MHz) to FDD Band 7 receiver (2500-2570 MHz) interference
3).  FDD Band 7 transmitter (2620-2690 MHz) to TDD Band 38 receiver (2570-2620 MHz) interference. 
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Figure 1 Band 1 E-UTRA FDD and Band 33 E-UTRA TDD coexistence scenario [image: image2.png]FDD Rx Filter FDD Tx Filter
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Figure 2 Band 7 E-UTRA FDD and Band 38 E-UTRA TDD coexistence scenario
2. Adjacent channel filter rejection requirements and filter design
State-of-the-art cavity filter design techniques are available for those very difficult adjacent-band interference issues. Specifically, non-adjacent cavity resonator cross-coupling techniques could provide transmission zeros to enhance filter out-of-band rejections at specific frequencies desired, without increasing the number of resonator sections (thus no significant cost increase over conventional, non-cross-coupled filter designs). In this paper, various filter designs over various frequency guard band variations between adjacent TDD and FDD bands are investigated. 

2.1. Transmit power leakage caused adjacent channel interference
The first interference issue to be investigated is the transmit power leakage of the adjacent band to the target band receiver, causing the in-band interference-caused noise floor to raise above the thermal noise floor thus degrading the receiver sensitivity. A typical guideline of transmit power leakage at the receiver frequencies of 7 dB below the receiver thermal noise floor is adapted （resulting in 0.8 dB receiver sensitivity degradation）. With thermal noise power density of -174 dBm/Hz, a 20 MHz bandwidth generates a total noise power level of -174+10log(18x106)=-101.4 dBm at the antenna port. For a transmit power amplifier of +43dBm (20W) per antenna, a 45 dB minimum transmitter ACLR spec requirement, a 5 dB eNode B receiver noise figure, and a minimum coupling loss of 30 dB between TDD and FDD antennas for co-site deployment, we will need a minimum filter rejection of adjacent channel power leakage of +43-45-30-(-101.4+5-7) =71.4 dB.
Now the matter of fact is how much frequency guard band in MHz is needed to achieve this 71.4 dB rejection goal for the transmit filter. For all aforementioned coexistence scenarios, we need to find out how much minimum frequency guard band is needed for a reasonable, state-of-the-art front-end cavity filter to reject 71.4 dB at its own 20 MHz transmit channel for each scenario.
2.2. Receiver blocking caused receiver sensitivity degradation
In addition to the transmit power leakage to the adjacent channel, the receiver blocking caused intermodulation product will also cause receiver desensitization. Again, we take the same guideline of limiting the receiver blocking caused in-band intermodulation product levels of 7 dB or more below the receiver thermal noise floor (equivalent to 0.8 dB receiver sensitivity loss). With a transmit power amplifier of +43dBm (20W) per antenna, a 5 dB eNode B receiver noise figure, and a minimum coupling loss of 30 dB between TDD and FDD antennas for co-site deployment, and with a typical -20 dBm receiver input IP3 performance (IIP3=-20 dBm), we can derive that the front-end receiver filter need to reject +43-30-1/3[2x(-20)-101.4+5-7]=60.8 dB of the transmit power of the adjacent channel to limit the receiver desensitization to 0.8 dB or less. 
So similarly, to achieve this 61 dB rejection goal for the receive filter for all aforementioned coexistence scenarios, we need to find out how much minimum frequency guard band is needed for a reasonable state-of-the-art front-end cavity filter to reject 61 dB at the adjacent 20 MHz transmit channel for each scenario.
2.3. Scenario 1: TDD Band 33 transmitter (1900-1920 MHz) to FDD Band 1 receiver (1920-1980 MHz) leakage
Figure 1 presents the E-UTRA FDD Band 1 & TDD Band 33 coexistence scenario. Two main issues exist here: (1) TDD base station’s transmit power leakage spills over to the FDD base station receiver side to cause potential FDD receiver sensitivity degradation if no proper transmit filters are placed at the TDD base station side to limit the leakage. (2) TDD base station’s high transmit power level will cause FDD base station receiver’s sensitivity level to degrade due to the in-band intermodulation product caused by the TDD transmit power levels at the FDD receiver side, if no proper receiver filters are placed at the FDD side.  As analyzed in section 2, we will need a TDD front-end transmit filter that will provide 71.4 dB rejection at the adjacent channel of the FDD band, and a FDD front-end receive filter (part of the FDD diplexer) that will provide 61 dB rejection at the adjacent channel of the TDD band, with proper separation guard band in between.
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Figure 4 One filter design response for Scenario 1
Figure 3 is a simulated E-UTRA TDD transmit output spectrum (normalized) before the TDD transmit filter, with 45 dB ACLR spec at the adjacent channel. Figure 4 is one design of the TDD transmit filter for the 1900-1920 MHz band, and the FDD receiver filter for the 1920-1980 MHz band. Both filter designs optimized the out-of-band rejection, with two transmission zeros at both sides of the band using non-adjacent cavity resonator cross coupling technique. With an unloaded Q of 10,000, it achieves a 2 dB or less insertion loss across the whole 1900-1920 band. After using this filter for the TDD base station transmit output spectrum in Figure 3, we can see that the adjacent output power leakage to the FDD receiver side is much reduced (Figure 5). After integrating the total adjacent channel leakage power at the FDD band, we can get the filter rejection value across the entire 20 MHz adjacent FDD channel (Figure 6).
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Figure 5 E-UTRA TDD normalized transmit output spectrum after filtering
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Figure 6 Filter rejection at adjacent channel VS. Guard band
Figure 6 shows the TDD transmit filter rejection across the adjacent 20 MHz channel at the FDD band, as a function of the separation guard band between TDD channel and FDD channel. It is shown that with less than 2 MHz guard band, the TDD transmit filter can achieve required 71.4 dB rejection at the adjacent FDD channel. Also shown in Figure 6 is the FDD receiver filter rejection at the adjacent 20 MHz TDD channel, as a function of the separation guard band. Due to the fact that the FDD receive filter is much wider in bandwidth (60 MHz) compared to the TDD transmit filter (20MHz), the rejection is much slower although the same filter configuration is used (10th order, two transmission zeros at both sides with an unloaded Q of 10,000). It is shown that to achieve the 61 dB FDD receive filter rejection requirement, we need a little over 3 MHz in guard band between FDD and TDD channels. 

Taking into account the real world implementation margins, we recommend that a 3-5 MHz separation for the guard band between the E-UTRA TDD Band 33 transmitter and FDD Band 1 receiver for this base station to base station coexistence scenario.

2.4. Scenario 2: TDD Band 38 transmitter (2570-2620 MHz) to FDD Band 7 receiver (2500-2570 MHz) interference
Band 38 E-UTRA TDD transmitter (2570-2620 MHz) to Band 7 E-UTRA FDD receiver (2500-2570 MHz) interference coexistence scenario is illustrated in Figure 2. In this case again, the TDD base station transmitter also interferes the adjacent FDD base station receiver. Similar TDD transmit and FDD receive filter designs are illustrated in Figure 7, also with an unloaded Q of 10,000 and the filter rejection is also optimized at both sides of the band. After applying those filters to the TDD Band 38 base stations transmit output spectrum similar like in Figure 3, we can get the filter rejection performance for both TDD and FDD filters as a function of the separation guard band in Figure 8.
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Figure 7 One filter design response for Scenario 2
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Figure 8 Filter rejection at adjacent channel VS. Guard band
As shown in Figure 8, it takes 2 MHz guard band for the TDD transmit filter to achieve the 71.4 dB requirement, while it takes almost 5 MHz for the FDD receive filter to achieve the required 61 dB rejection at the adjacent channel also due to the fact that the FDD filter has a much wider bandwidth (70 MHz) over TDD filter (50 MHz).

Taking into account the real world implementation margins, we recommend that a 5-7 MHz separation to be used for the guard band between the E-UTRA TDD Band 38 transmitter and FDD Band 7 receiver for this base station to base station coexistence scenario.

Scenario 3: FDD Band 7 transmitter (2620-2690 MHz) to TDD Band 38 receiver (2570-2620 MHz) interference

Also illustrated in Figure 2 is Band 7 E-UTRA FDD transmitter (2620-2690 MHz) to Band 38 TDD receiver (2570-2620 MHz) interference coexistence scenario, while in this case the interferer is FDD instead of TDD. Similar FDD transmit and TDD receive filter designs are illustrated in Figure 9, also with an unloaded Q of 10,000 and the filter rejection is also optimized at both sides of the band. After applying those filters to the FDD Band 8 base stations transmit output spectrum similar like in Figure 3, we can get the filter rejection performance for both FDD and TDD filters as a function of the separation guard band, similar as in Figure 8. In this case the wider bandwidth (70 MHz) FDD transmit filter has to achieve 71.4 dB rejection, which will take at least over 7 MHz of the guard band, while the narrower bandwidth (50 MHz) TDD receive filter only needs to achieve 61 dB rejection, which only takes 1 MHz guard band to achieve.
Taking into account the real world implementation margins, we recommend that a 7-10 MHz separation to be used for the guard band between the E-UTRA FDD Band 7 transmitter and TDD Band 38 receiver for this base station to base station coexistence scenario.
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Figure 9 One filter design response for Scenario 3
Conclusion
In summary, this paper has investigated the adjacent TDD band and FDD band base station coexistence issues between Band 1 and Band 33, and Band 7 and Band 38. With advanced base station cavity filter design techniques, we can achieve reasonably small guard band separations in between the adjacent TDD and FDD bands for the purpose of better frequency spectrum utilization recommendations.  Also considering the implementation margins, a set of recommended guard band separations are listed at the Table 1 below. Of course, detail UE to UE interference coexistence scenarios need to be fully investigated as well to see which one dominates the interference.
Table 1 – Required guard band values for each interference scenario
	Frequency Band
	Aggressor
	Victim
	Guard Band

	Scenario 1
	E-UTRA TDD Band 33 33333333
	E-UTRA FDD Band 1
	3-5 MHz

	Scenario 2
	E-UTRA TDD Band 38
	E-UTRA FDD Band 7
	5-7 MHz

	Scenario 3
	E-UTRA FDD Band 7
	E-UTRA TDD Band 38
	7-10 MHz
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