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Introduction
The draft skeleton of technical report of NR studies on RF and coexistence aspects has been approved in RAN4#79 in [1]. 
In this contribution, we propose texts related to filtering aspects of mmwave technologies for TR 38.803.
Text proposal
The following text proposal is related to Section 6.1. 
<<<<< START of TEXT PROPSOAL >>>>>
[bookmark: _Toc452032728][bookmark: _Toc452032723]6.1	Common issues for UE and BS
Editor’s note: Common RF issues for both UE and BS RF requirement feasibility are captured
6.1.X	Filtering aspect for mm-wave technologies
Various types of filters have been deployed in 3GPP based BS and UE implementations below 6 GHz. The filters mitigated the unwanted emissions arising from e.g. non-linearity in the transmitters generated due to intermodulation, harmonics generation etc. In the receiver chain filters where deployed to handle either own transmitter in paired bands or suppress the interferer at adjacent or other frequencies.
The requirements have also been differentiated in terms of levels e.g. for spurious emission, general, co-existence in the same geographical areas and co-location has been specified while the requirement levels for in-band to out-of-band has also been considered by exclusion zones defining e.g. the in-band and spurious emission domain respectively. 
For mm-wave frequencies depending on the waveform design and OFDM numerology, different modulation spectrums affecting the filtering and size of the exclusion zones should be considered. 
Considering the limited size (area/volume) and level of integrations needed for mm-wave frequencies, the filtering can be challenging where discrete mm-wave filters are far too bulky to be fitted in limited size as well as the challenge it poses to embed such filter into highly integrated structures for mm-wave products.

6.1.X.1 Possibilities of filtering in the analogue front-end 
Different implementations provide different possibilities for filtering. The implementations can be roughly distinguished between two main cases:

· Low-cost, monolithic integration with one or a few multi-chain CMOS/BiCMOS core-chip with built-in power amplifiers and built in down-converters. This case will give limited possibilities to include high performance filters along the RF-chains since the Q-values in on chip filter resonators will be poor (5-20).
· High performance, heterogeneous integration with several CMOS/BiCMOS core chips, combined with external amplifiers and external mixers. This implementation allows the inclusion of external filters along the RF-chains (at a higher complexity, size, and power consumption). 

There are at least three places where it makes sense to put filters, depending on implementation:

· Behind or inside the antenna element (F1 or F0), where loss, size, cost and wide-band suppression is important.
· Behind the first amplifiers (looking from the antenna side), where low loss is less critical (F2).
· On the high frequency side of mixers (F3), where signals have been combined (in the case of analogue and hybrid beam forming).
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Figure 6.1.X-1	Possible filter placements
The main purpose of F1/F0 is to suppress interference and emissions far from the desired channel across a wide frequency range (e.g. DC-60 GHz). There should not be any un-intentional resonances or passbands in this wide frequency range. This filter will help relax the design challenge (bandwidth to consider in optimizations, and linearity requirements) of all following blocks. Insertion loss must be very low, and there is a strict size and cost requirements since there possibly will be one filter at each sub-array. 
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Figure 6.1.X-2	Filter example
The main purpose of F2 would be to suppress LO leakage and unwanted mixing products, and it will also add image rejection and rejection of general interference a few channels away from the carrier. There are still strict size requirements, but more loss can be accepted (behind the amplifiers) and also un-intentional passbands (since F1/F0 will handle that). This enables better frequency precision (half-wave resonators) and better discrimination (more poles).
The main purpose of F3 would be to suppress LO leakage and unwanted mixing products, but there is also a possibility to obtain suppression in neighbouring channels, to protect mixer and ADC. For analogue (or hybrid) beam-forming it is enough to have just one (or a few) such filter(s). This relaxes requirements on size and cost, which opens the possibility to achieve high Q and high precision.
The deeper in the RF-chain the filtering is placed (starting from the antenna element) the better protected the circuits will get.
For the monolithic integration case it is difficult to implement filters F2 and F3. One can expect performance penalties for this case. In addition, output power is typically lower.
In addition, the shielding to achieve isolation over high frequency range can be challenging, as microwaves have a tendency to bypass filters by propagating in ground structures around them.

6.1.X.2 Insertion loss (IL) and bandwidth
Sharp filtering on each branch (at positions F1/F0) with narrow bandwidth leads to excessive loss at microwave and mm-wave frequencies. To get the insertion loss down to a reasonable level one the passband can be made significantly larger than the signal bandwidth. A drawback of such an approach is that several unwanted neighbouring wideband channels will pass the filter. In choosing the best loss-bandwidth trade-off there are some basic dependencies to be aware of:

IL decreases with increasing BW (for fixed fc).
IL increases with increasing fc (for fixed BW).
IL decreases with increasing Q.
IL increases with increasing N.

To exemplify the trade-off we study a 3-pole LC-filter with Q=20, 100, 500 and 5000, for 100 and 800 MHz 3dB-bandwidth, tuned to 15 dB equal ripple (with Q=5000) is examined in Figure 6.1.X-3.
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Figure 6.1.X-3	Example 3-pole LC filter with 800 and 4x800 MHz bandwidth, for different Q value
From this study it is observed that:

800 MHz bandwidth or smaller, requires exotic filter technologies, with a Q-value around 500 or better to get an IL below 1.5 dB. Such Q-values are very challenging to achieve considering constraints on size and cost.
By relaxing the requirement on selectivity to 4x800 MHz, it is sufficient to have a Q-value around 100 to get 2 dB IL. This should be within reach with a low-loss, PCB. The margin in terms of bandwidth will help to accommodate typical production tolerances of the PCB.

6.1.X.3 Filter implementation examples
In principle, there are many ways to implement filters in a 5G array radio. Key aspects to compare are: Q-value, discrimination, size and integration possibilities. The following table gives a rough comparison between different technologies.

	Technology
	Q
	Size
	Integration

	On-chip (Si)
	20
	Small
	Feasible

	PCB (low-loss)
	100
	Medium
	Feasible

	Thin film (ceramic)
	300
	Medium
	Difficult

	MEMS/Advanced miniature filters
	500
	Medium
	Difficult

	Waveguide
	5000
	Large
	Extremely difficult



An attractive way to implement the antenna filter (F1) is to use a strip-line or micro-strip filter, embedded in a PCB close to each antenna element. This requires a low loss PCB with good precision. Production tolerances (patterning and via-positioning) will limit the performance, mainly though a shift in the pass-band and increased mismatch. In most implementations the passband must be set larger than the operating frequency band with significant margin to, account for this. 
A 2-pole example of such a filter is shown in the figure below, along with simulation results (valid for a strip-line embedded in 500 um dielectric with ε=3, tanδ=0.013, with metal roughness ignored). Typical characteristics 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 (substrate size in the figure)
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Figure 6.1.X-4	Example of strip-line mm-wave filter
As seen in the plot, this state-of-the-art mm-wave implementation of the outermost filter (F1) will give fairly high attenuation across large frequency ranges, but we cannot expect any attenuation in the nearest few 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.

<<<<< END of TEXT PROPSOAL >>>>>

Conclusion
We propose to adopt the above mentioned text proposal for TR 38.803.
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