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1 Background

In this contribution we discuss a UE reference architecture for setting RF requirements in the 30 GHz range.
The reference architecture is based on a realistic antenna arrangement on a device of “typical formfactor” for the mobile service (e.g. a hand-held device). The UE is assumed to be capable of some type of beam forming in connected mode. In addition to beam forming, (almost) omnidirectional coverage is likely to be required for some modes or use cases (e.g. paging, UTDOA, OTDOA etc). The number of layers supported in a UE is not decided but there will most likely be different type of UEs with different requirements. We concentrate on architectures supporting at least 2 layers. 
All the above will influence the antenna arrangement and thus also the RF architecture.

2 Antenna arrangements
The coexistence studies assume the arrangement in Figure 1 (which may be fine for that purpose) with 32 patches, but this is impractical for a mobile device. However, it is possible for a fixed wireless access (FWA) device.
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Figure 1: Antenna example of a panel with 32 elements.
For a mobile (hand-held) device at 30 GHz a more realistic antenna arrangement is an array or groups of antennas. Figure 2 shows an example with an 8 element array at the short side of the phone. Another example is shown in Figure 3 with the LTE antennas and NR antennas for below 6 GHz operation arranged at the bottom of the device, and 8 or possibly 16 mmW elments in groups of 4 antennas on the sides of the phone.
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Figure 2: Example of an antenna arrangement on the UE with an array of 8 elements.
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Figure 3: Another example of antenna arrangement in the UE with 4 groups of mmW antennas each consisting of 4 elements.
3 Analog versus digital beam forming

The current consumption in A/D converters increases rapidly with sampling rate. In a reciprocal UL/DL architecture it is fair to assume that the first generation 5G UE devices must at least partly rely on analog beam forming to reduce the number of parallel A/D conversions (at least for battery-operated devices). Thanks to process evolvement, fully digital beam forming may be possible in later generations of devices and should therefore not be precluded.  
Hence groups of antennas are assumed, possibly with analogue beamforming within the groups. Alternatively a linear array or an array of non uniform elements could be assumed.
4 PA architecture
A distributed PA architecture by which antenna element is fed by a dedicated PA is more likely in the first generation of 5G devices due to the relatively high insertion loss of the precoder. Thanks to component development in later generations of 5G devices, a configuration where one PA is feeding an antenna consisting of a group of antenna elements (array) still using analogue beamforming or in a hybrid configuration should not be precluded. The UE reference architecture must reflect different implementation options.
5 UE reference architecture at 30 GHz

The PA architecture, the antenna arrangement and the number of layers supported in the UE (e.g. number of RX branches) have a strong influence on the reference architecture. Furthermore, the filter arrangement for unwanted emissions and blocking performance has a great impact. 
Based on the UE antenna arrangements discussed in the previous sections we proposed for the UL a hybrid architecture as shown in Figure 4 with two to eight elements per group. Assuming 16 antenna elements in total there could be e.g. four groups of four elements in each group. Other possible architectures could be 4 x 2 antenna elements or 2 x 4 antenna elements or 8 x 1 antenna elements. 
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Figure 4: UL architecture.
The corresponding downlink architecture is shown in Figure 5. In this example the precoders are located after the LNAs due to the high insertion loss of the precoder. 
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Figure 5: DL architecture

6 The RF filter at the antenna input
Considering the filter arrangement at the antenna input, an attractive way for implementing the antenna filter (F1) is to use a strip-line or micro-strip filter embedded in a PCB close to each antenna element as described in [1]. Additional rejection is provided by the antenna (F0) itself. Possible locations for the filter functions are shown in Figure 6.
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Figure 6: antenna filter before and after the switch.

Measurements suggest that the IL of the switch is typically around 1 dB at 30 GHz, while the IL of the strip-line filters in the RX path is around 1.3 dB. Sufficient rejection of the blockers at lower frequencies (below 10 GHz say) must be achieved. The antenna will supply additional discrimination outside its passband. 
Next we give an example of a 2-pole micro-strip filter shown in Figure 7 (taken from [1]) to show the capability. The simulation results valid for a strip-line embedded in 500 um dielectric with ε = 3 and tan δ = 0.013 with metal roughness ignored. Typical characteristics of the filter are
· centre frequency: 28 GHz

· 3 dB bandwidth: 4x800 MHz

· insertion loss: 0.6 dB (which could double due to roughness).
· stopband 1: -30 dB within DC-21 GHz

· stopband 2: -30 dB within 38-68 GHz

· size 2x5 mm
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Figure X: example of strip-line mmW filter.
We observe that for this state-of-the-art mm-wave implementation of the outermost filter (F1) fairly high attenuation across large frequency ranges is achieved, but there is no attenuation in the nearest neighbouring wideband channels. In this example there is a higher order passband around 90 GHz, which can potentially be suppressed by the addition of low-pass or band-stop sections. The antennas will also give additional rejection (F0). 
The IL and wide-band suppression are particularly important and the reference design should be such that the IL is less than 2 dB. However, different antenna/filter arrangements must also be accommodated.
7 Conclusions

In this contribution we have discussed the RF architecture of a 5G mobile (hand-held) device. The understanding is that the first generation 5G devices will have 4, 8 or 16 elements in a hybrid architecture as shown in section 4. A distributed PA architecture is likely to be chosen due to high insertion loss in phase shifters. In case of purely digital beamforming with distributed PAs, a linear array of 8 elements is more likely. 

There is possibility of using strip-line filters at the antenna port with an IL less than 2 dB.
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