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1. Introduction
At RAN#82, a Study Item on 7-24 GHz frequency range was approved [1]. At the last RAN4#90 meeting it was decided to divide the frequency range of 7-24GHz into sub-ranges for the study purpose as proposed in R4-1901013 [2].
In [3] performance data on the currently used UE RF connector and probe technology was presented and some analysis on RFFE components was presented in [4]. Way forward for UE topics in R4-1905197 [5] was agreed inviting companies to study the feasibility on UE RF requirement type from following perspectives:
· RF architecture and UE type
· System performance impact on RF requirements ,e.g. ACLR
· Antenna size volume
· PA average output power with applicable power consumption for UE
· Filter with different type, e.g. LTCC, LC, SAW. 
· Testability on conducted type and OTA type 
· Other perspectives is not precluded.

In this contribution we present simulation results for 12GHz RF front-end filter using the LTCC technology.

2. Discussion
For the operation in 7.125 to 24GHz frequency range it’s expected that width of the allocated bands get wider as this will better support the use of wider channel band-widths enabling higher data-rates and therefore analysis was done for LTCC filter operating with 11GHz center frequency and having bandwidth of 2GHz (18%).
The device physical size was set to be less than 3.5x3.5x1mm, which is roughly the size of duplex filters in the early days of LTE radios. Although full-duplex operation may not be targeted in this frequency range the filter design targets were defined in a way that mimics the TX part of the duplex-filters used in existing FDD devices. Insertion loss of smaller than 2.5dB was targeted.
The simulated S21 of the filter is shown in Figure 1. The insertion loss meets the targeted 2.5dB for 2GHz wide bandwidth and also the stop band attenuations are better than -20dB at relative offset of ~5% (0.5GHz) from the pass band edge. The level of stop-band attenuation is still far from duplex-filter performance, but it should be noted that the relative bandwidth of the designed filter is also several times wider than band-width of the current duplex filters, which is usually no more than 4% (100Meg/2.5GHz). The achieved attenuations are sufficient for providing protection for adjacent frequency bands and for protecting own receiver from interference from these bands and the insertion loss of < 2.5dB is still in the range that can be managed in both receiver and transmitter.
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Figure 1. Simulated S21 for the filter
The results shown are based on the simulations and are not fully taking into account the ambient conditions like temperature and additional work is necessary to manage the manufacturing tolerances. However, the results are good enough to prove that it is possible to implement small filters with good performance using LTCC technology at 12GHz frequency range. The technology as such works well up to 100GHz and therefore it is possible to scale up the frequencies in straightforward manner. The physical size of the filter is usually inversely proportional to the pass-band frequency of the filter and hence the size of the filter usually scales down when pass-band center frequency is increased.

Observation:
LTCC technology is an interesting possibility for implementing small size RF filters for 7-24GHz frequency range.

3. Conclusion
2GHz wide RF filter for 12GHz frequency range was designed using LTCC technology. The simulated results are good enough to prove that it is possible to implement small filters with good performance using LTCC technology at 12GHz and therefore LTCC technology is an interesting possibility for implementing the small size RF filters for 7-24GHz frequency range.
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