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Introduction
In RAN4#90, the discussion around technical aspects and considerations for 7-24 GHz including power amplifiers, phase noise and receiver aspect was initiated [1]. 
Considering the proposed example frequencies [2] and the unclear regulatory situation, it is important to study different filter technologies and structures as once the regulatory situation is getting more settled and future WI for specific frequency bands is started, the feasibility and performance of the filters depending on the needed protection levels (e.g. towards EESS bands) is an essential part of the specification work.
In this paper, the discussion around filtering for 7-24 GHz is initiated and an example-filter for example frequency of 22 GHz based on assumed EESS protection level of -42 dBW/200 MHz corresponding to -35 dBm/MHz is presented.
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Considering the filters being an important block in the transceiver chain and due to limited size (area/volume) and level of integrations needed for AAS BS types for 7-24 GHz frequency range, the filtering can be challenging where discrete filters could be far too bulky to be fitted in limited size as well as the challenge it poses to embed such filter into highly integrated systems.
In addition, there are certain fundamental dependencies for filter which need to be considered, as follows:
· Insertion Losses decreases with increasing BW (for fixed fc).
· Insertion Losses increases with increasing fc (for fixed BW).
· Insertion Losses decreases with increasing Q.
· Insertion Losses increases with increasing N (number of poles).

For example frequency of 22 GHz, assuming a filter with bandwidth of ~2 GHz and attenuation around 20-25 dB corresponding to EESS assumed protection level of -35 dBm/MHz, the filter characteristics and needed guard for state-of-the art LTCC technology providing Q value around 200 is further investigated below. It should be noted that LTCC is more difficult to integrate compared to PCB integrated filters, which on the other hand provide lower Q-value, and thus in coming meetings, filter analysis around PCB integrated filters will be presented.
Manufacturing tolerances and temperature drift will have a significant impact on performance and must be accounted for by addition of sufficient design margin. It is assumed that individual tuning of filters, which is done in many applications, is not feasible for array antennas operating at 22 GHz due to the large amount, small size, and compact integration into an array without test ports. A frequency tolerance around 250 MHz is assumed to represent state-of-the-art LTCC filters. By this we mean that the frequency at which a filter provides the desired suppression can differ from a nominal value by maximum 250 MHz. Without going into details for a particular implementation we will for simplicity assume that the frequency tolerance appears as a plain frequency shift of the filter characteristic by +/-250 MHz in the worst case. This corresponds to a case in which all resonators have the same frequency error. In the general case errors will be uncorrelated to a certain degree. This can lead to significant degradation of the return loss and require additional relaxation in some of the filter requirements. 
Although the use of transmission zeros in general tends improve steepness of a filter, we will not rely on it in this study since it increases the sensitivity to frequency errors and can even lead to worse performance if the frequency tolerance is large compared to the size of the guard band. 
An equivalent model based on RLC-resonators was used to estimate the performance of an LTCC filter. The filter was tuned under the following conditions:
· Q=200
· 250 MHz margin to frequency shift
· 6-poles, Tchebyscheff type
· Center frequency: 22 GHz
· Bandwidth: 2 GHz
· Return loss: 15 dB
· Attenuation: 25 dB

In Figure 1, the resulting filter performance is plotted. The blue trace represents S21, the red trace represents S11, and the dotted gray lines represent suggested requirement levels.
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[bookmark: _Hlk4679078]Figure 21	Estimated characteristics of a bandpass filter based on LTCC for example frequency of 22 GHz
Considering a tolerance/drift-related frequency shift of +/-250 MHz we observe the following key parameters:
· Guard band: ~1.1 GHz
· Insertion loss: ~3.5 dB (at edges, with worst case frequency error)

For PCB integrated filters due to lower Q-value compared to LTCC technology and worse frequency tolerance, the guard is expected to be larger.
Given the analysis for filter this for 22 GHz example frequency, we find that the filter performance is quite similar to what was presented during NR rel-15 for mm-wave filter analysis where a slight improvement is possible for 22 GHz example frequency.
In coming meetings in addition to PCB integrated filters, we will further investigate the filtering aspects for 11 GHz and 16 GHz example frequencies which possibly will require other filter technologies and structures.
Summary and conclusion
In this paper, an elaborated discussion around filter technologies and structures for 7-24 GHz frequency range was initiated.
For example frequency of 22 GHz, an example-filter of 2 GHz bandwidth assuming attenuation need around 20-25 dB was investigated and filter performance characteristics was presented.
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