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Introduction
This contribution proposes NR UE system noise figure values for 7-24GHz range.
[bookmark: _Ref189046994]Text Proposal
START OF TEXT PROPOSAL:
[bookmark: _Toc22912344]5.5.1       Noise figure
Receiver Noise Figure (NF) is one of the essential metrics for determining receiver requirements. For determining typical NF value some fundamental principles should be considered:
· The NF is not given by the LNA alone, but also by bandwidth, linearity and dynamic range dependencies as there is a delicate balance which should be considered when future requirements are specified.
· A full RF receiver chain all the way up to radiating elements should be addressed as all parts in the chain would contribute to the overall receiver performance including switch (for TDD), routing and filter losses, etc.
· For some compact and highly integrated building practices with many transceivers and antennas, the power efficiency and heat dissipation in small area/volume is necessary needs to be considered. 
· As an example, in the context of NF, it might be possible to reduce the noise contribution from ADC by using more bits, but this would have significant implication in terms of power consumption and heat dissipation aspect as a single added bit to ADC would result in four times higher power consumption. In general the ADC power consumption is proportional to
BW2 · DRACD
      where DRACD is the ADC dynamic range. 
For UE, the typical NF values considering the usage of similar technologies as for BS, should be similar but slightly higher to allow more flexibility in the implementation and taking to account the size limitations.

Table 5.5.1-1: Typical noise figure for 7 - 24 GHz example frequencies
	Example frequency (GHz)
	Typical NF values for NR BS (dB)
	Typical NF values for NR UE (dB)

	10
	7 
	TBD9

	15
	8
	TBD10

	20
	9
	TBD10 (Note)

	[bookmark: _GoBack]Note: UE implementation margin can vary. NF value could be revised for higher frequencies. NF value shall not be revised to a value that is higher than the FR2 value.



Next modification:
5.5.1.2	NF of 7-24GHz sub-ranges 
5.5.1.2.1 	General

Receiver architecture (including antenna system) plays an important role in calculating system NF. At higher frequencies, Active Antenna Systems (AAS) with antenna arrays and beamforming networks become necessary to compensate for higher path loss and maintain similar link performance as lower frequencies [1]. Besides, at higher frequencies, AAS are integrated with the rest of the receive chain in a way that antenna connectors are no longer available.
It is well known that phase noise degrades at a rate of ~6 dB/octave with frequency. Since in a zero-IF architecture, RF LO will be at a higher frequency compared to a super-heterodyne architecture, it will have higher phase noise and will contribute more to overall system noise. Note that IF LO in a super-heterodyne architecture will have its own phase noise contribution. But degradation of phase noise with frequency combined with other issues related to generating RF LO for zero-IF architecture at higher frequencies, generally makes RF+IF down-conversion a more attractive choice at higher frequencies. On the other hand, a super-heterodyne architecture, even in the absence of any jammers in the image band, suffers from image band noise and requires either filtering before the first down conversion or image-reject downconverter designs.
Other considerations include availability and necessity of analog filters in RF and their placement in the RF chain.
5.5.1.2.2 	Example range 1
Zero-IF or direct conversion is the reference architecture for all sub-7 GHz LTE and NR applications [2] and is likely to be used for example range 1 as well.
NF for a reference 6 GHz TDD system is presented in [3]. Since the aim is to compare NF with a single-band mm-wave TDD system, no antenna switch module for band selection or sub-band duplexing is accounted for. Furthermore, it is assumed that ADC quantization noise contributes 0.4dB to the overall system NF.
But more importantly, the frond-end architecture has a pre-LNA filter for rejecting out of band jammers and interferers. The presence of filter is important since in the absence of antenna arrays and beamforming, it is more likely than not that the UE picks up these types of jammer during field operation.
“IM” refers to implementation margin of 2.5dB which is added to account for process and temperature variations.
Note that some passive technologies such as filters and matching networks used in FR1, may have degraded performance above 7 GHz [4]. Additionally, the above calculation assumes a single band UE, which is uncommon in sub-7 GHz. While further refinement can be at later stages, we propose keeping the same NF and using a NF of 9 dB for example frequency of 10 GHz. This value is lowered from the original proposal of 10dB from [6] due to concerns that the implementation margin was too high.
Table 5.5.1.2.2-1: 6 GHz system noise figure calculation [3]
	6 GHz current solution

	Parameter
	Ant. Loss
	SWT
	filter
	LNA
	post LNA loss
	Down conv

	gain
	-0.5
	-0.5
	-3
	21
	-3
	na

	NF
	0.5
	0.5
	3
	0.8
	3
	13

	NF cumm
	5.8
	5.3
	4.8
	1.8
	16.0
	13.0

	NF w ADC
	6.2
	5.7
	5.2
	2.2
	16.4
	13.4

	NF w ADC+IM
	8.7
	8.2
	7.7
	4.7
	18.9
	15.9



5.5.1.2.3 	Example range 2
The choice of front-end architecture for example range 2 is less certain than for sub-ranges 1 or sub-range 3:
1) As far as synthesizer phase noise concerned, example range can end up using either zero-IF or super-heterodyne architectures.
2) The performance of existing RF connectors is only cited up to 12 GHz [6] and there may in fact be a breakpoint for current RF connector technologies [7], forcing example range 2 to use OTA test methods.
3) If link budget shows that antenna arrays are needed, then beamforming can provide some level of spatial filtering of jammers and interferers, requiring less or no filter rejection at all.
4) Compared to example range 3 or mm-wave, array elements and overall size will increase in example range. For example, while mm-wave can use a 2x8 array, example range 2 may be limited to a 1x4 or smaller array, reducing the array gain and hence effectiveness of beamforming to reject jammers
5) On the other hand, if omnidirectional antennas used instead, filtering becomes necessary.
In either case, the NF will likely be worse than system NF values proposed for example ranges 1 and 3. Hence, for RAN4 standardization work, a system NF of 10 dB is proposed for example range 2. This is reduced from the value in [6] on concerns that the implementation margin is too high.

5.5.1.2.4 	Example range 3

In contrast to sub-7 GHz LTE and NR, at mm-wave frequencies, super-heterodyne architecture can outperform zero-IF architecture due to lower LO frequency and superior phase noise [2]. Example range 3 is more likely to follow suit and use an RF+IF architecture.
In RF+IF architectures, even in the absence of interferers at image frequency, the thermal noise in the image band is down converted to IF and contributes to overall system noise figure. If LNA and down-conversion gain are the same in desired and image bands, thermal noise in the image band can degrade overall system NF by as much as 3dB (even though this is unlikely to happen in practice). Therefore, some mechanism, either in the form of pre-LNA filter or image reject mixer is necessary to protect the receiver.
While integrated transmission line or LC filters can be used to provide some rejection of out of band jammers and image band noise, placing then before the LNA will result in higher NF. Another option is placing the filter after LNA and before the downconverter. This architecture has better NF but cannot protect LNA from strong out of band jammers. However, with beamforming, it is unlikely to have a strong jammer in the direction of beam peak. So it may even be possible to use no filter at all and use image reject mixer to protect the receiver from image band noise. System NF calculations presented in the following two tables are from [3] and are more likely to be used in example range 3.
Table 5.5.1.2.4-1: 30 GHz system noise figure calculations post-LNA filter [3]
	
	30 GHz post LNA filter solution

	Parameter
	Ant. Loss
	SWT
	LNA
	filter
	post LNA loss
	Down conv

	gain
	-0.3
	-1.5
	21.5
	-2.5
	1.5
	na

	NF
	0.3
	1.5
	3.2
	2.5
	-1.5
	13

	NF cumm
	5.3
	5.0
	3.5
	14.0
	11.5
	13.0

	NF w ADC
	5.7
	5.4
	3.9
	14.4
	11.9
	13.4

	NF w ADC+IM
	8.2
	7.9
	6.4
	16.9
	14.4
	15.9



Table 5.5.1.2.4-2: 30 GHz system noise figure calculations with image reject mixer [3]
	
	30 GHz Image reject solution

	Parameter
	Ant. Loss
	SWT
	filter
	LNA
	post LNA loss
	Down conv

	gain
	-0.3
	-1.5
	0.0
	21.5
	1.5
	na

	NF
	0.3
	1.5
	0.0
	3.2
	-1.5
	15.0

	NF cumm
	5.3
	5.0
	3.5
	3.5
	13.5
	15.0

	NF w ADC
	5.7
	5.4
	3.9
	3.9
	13.9
	15.4

	NF w ADC+IM
	8.2
	7.9
	6.4
	6.4
	16.4
	17.9



While the losses will probably be slightly lower at 20GHz, in accordance with approved NF values for FR2 [5], a NF of 10 dB is proposed for example range 3. This is no change from the original proposal in [6].


6) 
7) 
8) 
9) 
10) 
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