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1 Introduction
The ECC Recommendation [1] has given the general band arrangement on FDD mode for the band 3400-3600. In this contribution, we analyze the duplexer realization and band arrangement in this band.
2 Discussion
The baseline FDD pairing arrangement for 3400-3600MHz was given in [2], which is shown in Figure1. 
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Figure 1  Baseline FDD pairing arrangement for 3400-3600 MHz.
Here we will analyze if such a 2x90MHz bandwidth duplexer is realizable with some general assumptions. The analysis is based on 5MHz UMTS carrier, and the results are applicable to LTE system.
2.1 BS Rx filter analysis
Due to the narrow band gap (10MHz) between the uplink and downlink band, the strictest requirement for the Rx filter is the Rx to Tx rejection. This requirement is mainly caused by the cross modulation or IMD products considering the interfering signal and the Tx signal. Assume the Tx output power is 46dBm, the NF of the BS is 5dB and the S/N is 18dB. Considering 1dB sensitivity desense, the acceptable cross modulation noise is about -114dBm/MHz. Cross modulation noise can be evaluated by Eq.1 approximately. 
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Where PTX is the Tx leakage signal rejected after the Rx filter, IIP3 is the front end linearity spec, and c is a constant related to the signal bandwidth and modulation type. Generally, 70dB Rx to Tx rejection is needed to meet the sensitivity requirement considering the near end interference. Here we use such an isolation requirement to design the cavity Rx filter. The simulation results are shown in Figure2.
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Figure 2 Rx filter analysis at band 3410-3500MHz

The blue curve is the simulation result of an 11 orders filter with the whole 90MHz bandwidth, and the pink one is for a 9 orders filter with 85MHz bandwidth. Higher orders mean larger volume and higher cost. Thus 11 orders filter is not a suitable solution for band 3410-3500MHz. Furthermore, from the detailed in-band insertion loss curve shown in Figure3, we can see that the IL at the higher frequency end of the Rx band for an 11 orders filter degrades drastically. The sensitivity degradation at 3500MHz is not acceptable. Therefore, from Rx filter implementation point of view, it is suggested to keep at least 5MHz additional band gap between Rx and Tx band. Sub-band Rx filter with less than 85MHz bandwidth is recommended. 
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Figure 3  Rx filter insertion loss at band 3410-3500MHz
.
2.2 BS Tx filter analysis

The Tx filter is limited by two factors. One is to protect its own Rx band, and the other is to avoid interfering the adjacent uplink band at 3600-3800MHz. The FDD frequency band arrangement at 3600-3800MHz is not decided yet. Here we assume 10MHz band gap between 3600MHz and 3610MHz.
In order to protect the Rx band, the spurious emission at 3500MHz must be lower than the thermal noise. Considering 1dB desense, the spurious emission should be lower than -115dBm/MHz. Generally, the far end out of band emission for a ZIF transmitter is decided by the amplified modulator’s noise floor and the PA noise floor, and the modulator’s noise floor is determinative. For example, the typical noise floor of the modulator is -155dBm/Hz, and the output power is about -10dBm. Considering 46dBm BS output power, then the amplified noise floor caused by the modulator is about -39dBm/MHz. Taking into account the PA noise floor and the implementation margin, -35dBm/MHz noise floor is adopted for the simulation. The Tx filter rejection at the Rx band is -35dBm/MHz -(-115dBm/MHz)=80dB.
Assuming the adjacent band also has a UMTS system, the thermal noise floor of a UMTS carrier is -109dBm/MHz with 5dB NF. When the Tx carrier is located at the upper side of the downlink band (3510-3600MHz), considering the 10MHz band gap, SEM limit could be used to derive the rejection requirement for the Tx filter. Assuming a 1dB desense criteria, the maximum allowed OOBE is -109dBm/MHz-6dB = -115dBm/MHz. The requirement is too stricter for the co-located BS, thus 6 dB desense criteria and 30dB MCL are adopted. The Tx filter rejection at the adjacent Rx band is -13dBm/MHz -(-104dBm/MHz)-30=61dB. The simulation results are shown in Figure 4.
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Figure 4  Tx filter analysis at band 3510-3600MHz

The blue curve is the simulation result of an 11 orders filter with the whole 90MHz bandwidth, and the pink one is for a 11 orders filter with 75MHz bandwidth. The whole bandwidth filter use 6 transmission zeros but still could not meet the rejection requirements at the Rx band. Furthermore, such filter may not be realized from implementation point of view. If the bandwidth is reduced to 75MHz, an 11 orders filter with 5 transmission zeros could meet the Rx band rejection requirements. 
3 Conclusion
The 2x90MHz bandwidth duplexer at band 3400-3600MHz can not be realized based on the simulation results, thus sub-band duplexer is a reasonable solution. The bandwidth of the sub-band is decided by the Tx filter. Sub-band duplexer with less than 70MHz bandwidth is recommended for the BS at band 3400-3600MHz.  
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5.5.4 BS duplexer analysis
5.5.4.1 BS Rx filter analysis

Due to the narrow band gap (10MHz) between the uplink and downlink band, the strictest requirement for the Rx filter is the Rx to Tx rejection. This requirement is mainly caused by the cross modulation or IMD products considering the interfering signal and the Tx signal. Assume the Tx output power is 46dBm, the NF of the BS is 5dB and the S/N is 18dB. Considering 1dB sensitivity desense, the acceptable cross modulation noise is about -114dBm/MHz. Cross modulation noise can be evaluated by Eq. 5.5.4.1-1 approximately. 
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(5.5.4.1-1)

Where PTX is the Tx leakage signal rejected after the Rx filter, IIP3 is the front end linearity spec, and c is a constant related to the signal bandwidth and modulation type. Generally, 70dB Rx to Tx rejection is needed to meet the sensitivity requirement considering the near end interference. Here we use such an isolation requirement to design the cavity Rx filter. The simulation results are shown in Figure 5.5.4.1-1.
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Figure 5.5.4.1-1 Rx filter analysis at band 3410-3500MHz

The blue curve is the simulation result of an 11 orders filter with the whole 90MHz bandwidth, and the pink one is for a 9 orders filter with 85MHz bandwidth. Higher orders mean larger volume and higher cost. Thus 11 orders filter is not a suitable solution for band 3410-3500MHz. Furthermore, from the detailed in-band insertion loss curve shown in Figure 5.5.4.1-2, we can see that the IL at the higher frequency end of the Rx band for an 11 orders filter degrades drastically. The sensitivity degradation at 3500MHz is not acceptable. Therefore, from Rx filter implementation point of view, it is suggested to keep at least 5MHz additional band gap between Rx and Tx band. Sub-band Rx filter with less than 85MHz bandwidth is recommended. 
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Figure 5.5.4.1-2 Rx filter insertion loss at band 3410-3500MHz

5.5.4.2 BS Tx filter analysis

The Tx filter is limited by two factors. One is to protect its own Rx band, and the other is to avoid interfering the adjacent uplink band at 3600-3800MHz. The FDD frequency band arrangement at 3600-3800MHz is not decided yet. Here we assume 10MHz band gap between 3600MHz and 3610MHz.

In order to protect the Rx band, the spurious emission at 3500MHz must be lower than the thermal noise. Considering 1dB desense, the spurious emission should be lower than -115dBm/MHz. Generally, the far end out of band emission for a ZIF transmitter is decided by the amplified modulator’s noise floor and the PA noise floor, and the modulator’s noise floor is determinative. For example, the typical noise floor of the modulator is -155dBm/Hz, and the output power is about -10dBm. Considering 46dBm BS output power, then the amplified noise floor caused by the modulator is about -39dBm/MHz. Taking into account the PA noise floor and the implementation margin, -35dBm/MHz noise floor is adopted for the simulation. The Tx filter rejection at the Rx band is -35dBm/MHz -(-115dBm/MHz)=80dB.

Assuming the adjacent band also has a UMTS system, the thermal noise floor of a UMTS carrier is -109dBm/MHz with 5dB NF. When the Tx carrier is located at the upper side of the downlink band (3510-3600MHz), considering the 10MHz band gap, SEM limit could be used to derive the rejection requirement for the Tx filter. Assuming a 1dB desense criteria, the maximum allowed OOBE is -109dBm/MHz-6dB = -115dBm/MHz. The requirement is too stricter for the co-located BS, thus 6 dB desense criteria and 30dB MCL are adopted. The Tx filter rejection at the adjacent Rx band is -13dBm/MHz -(-104dBm/MHz)-30=61dB. The simulation results are shown in Figure 5.5.4.2-1.
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Figure 5.5.4.2-1 Tx filter analysis at band 3510-3600MHz

The blue curve is the simulation result of an 11 orders filter with the whole 90MHz bandwidth, and the pink one is for a 11 orders filter with 75MHz bandwidth. The whole bandwidth filter use 6 transmission zeros but still could not meet the rejection requirements at the Rx band. Furthermore, such filter may not be realized from implementation point of view. If the bandwidth is reduced to 75MHz, an 11 orders filter with 5 transmission zeros could meet the Rx band rejection requirements. 
The 2x90MHz bandwidth duplexer at band 3400-3600MHz can not be realized based on the simulation results, thus sub-band duplexer is a reasonable solution. The bandwidth of the sub-band is decided by the Tx filter. Sub-band duplexer with less than 70MHz bandwidth is recommended for the BS at band 3400-3600MHz.  
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