[bookmark: _Ref399006623][bookmark: _Toc92513360][bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting #92	R4-1909714
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Ljubjana, Slovenia, 26th – 30th August, 2019


Source: 	Qualcomm Inc.
Title: 	NR UE System 7-24GHz Noise Figure
Agenda Item:	11.4.6
Document for:	Approval
Introduction
Specifications and test procedures for FR1 and FR2 follow two distinct paths in 3GPP. FR1 uses omni-directional antennas in a non-array configuration and relies on conducted test methods as baseline approach. While digital beamforming is provisioned in the standard, it is not vital for the operation of a UE in sub-7GHz region of the spectrum. On the other hand, FR2 uses antenna arrays and relies on beamforming to compensate for higher pathloss at mm-wave frequencies.
The situation is less clear with intermediate spectrum between FR1 and FR2. At the lower end of the spectrum (immediate vicinity of FR1), antenna arrays can be prohibitively large and may not be required after all. On the other hand, at the higher end of the spectrum (immediate vicinity of FR2), antenna arrays, OTA test methods, and beamforming may be the only option due to higher path loss and unavailability of RF connectors and other components.
To address these questions and other technology feasibility studies, 7-24GHz frequency range is broken down into 3 smaller sub-ranges as follows [1]:
[image: ]
Figure 1‑1: Example Ranges [1]

Table 1‑1: Example Ranges [1]
	Example range

	Frequency Range
(GHz)
	Example Frequency
(GHz)

	1
	7.125 to [10-13]
	10

	2
	[10-13] to [16-18]
	15

	3
	 [16-18] to 24.250
	20



In NR NF discussions, it is assumed that the performance differs less between UE and BS compared in FR2 compared to FR1 [3]. This assumption probably still holds true for example range 3, but not example ranges 1 & 2.
Discussion
Receiver sensitivity
Receiver sensitivity is one of the most fundamental performance specifications on the receive side and is defined as the lowest received signal level which can be successfully demodulated by the receiver for a specified BER. For conducted sensitivity, the received signal level is measured at the antenna connector. For radiated sensitivity, the received signal level is measured as the mean incident power in the plane wave with a given polarization. Either way, the following equation can be used to define the receiver sensitivity:

Where  is implementation loss in systems using antenna arrays and beamforming. For example, distribution network and phase shifters are accounted for through . Note that since conducted sensitivity is measured at the antenna connector, .
Duplex method
Given the fact that TDD is the preferred duplex method for frequency bands above 3GHz [2], it is safe to assume that all 3 sub-ranges will also rely on this duplex method to avoid interference between transmitter and receiver.
Observation 1: TDD is the preferred duplex method for 7-24GHz range.
NF of 7-24GHz sub-ranges
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 [4]. 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 ~6dB/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.
Observation 2: NF projections are based on certain assumptions made about receiver architecture and the type of antenna systems used.
Example range 1
Zero-IF or direct conversion is the reference architecture for all sub-7GHz LTE and NR applications [5] and is likely to be used for example range 1 as well.
NF for a reference 6GHz TDD system is presented in [6]. 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 7GHz [7]. Additionally, the above calculation assumes a single band UE, which is uncommon in sub-7GHz. While further refinement can be at later stages, we propose increasing implantation margin to 3.5dB to account for these effects and using a NF of 10dB for example frequency of 10GHz.
Table 2‑1: 6GHz system noise Figure calculation [6]
	6GHz 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



Observation 3: unlike FR1, NF calculations for example range 1 assume a single band UE.
Proposal 1: a NF of 10dB is proposed for example range 1.
Example range 3
In contrast to sub-7GHz LTE and NR, at mm-wave frequencies, super-heterodyne architecture can outperform zero-IF architecture due to lower LO frequency and superior phase noise [5]. 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 [6] and are more likely to be used in example range 3.
Table 2‑2: 30GHz system noise figure calculations post-LNA filter [6]
	
	30GHz 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 2‑3: 30GHz system noise figure calculations with image reject mixer [6]
	
	30GHz 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 [8], a NF of 10dB is proposed for example range 3.
Proposal 2: a NF of 10dB is proposed for example range 3.
Example range 2
The choice of front-end architecture for example range 2 is even less certain than the other two sub-ranges:
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 12GHz [9] and there may in fact be a breakpoint for current RF connector technologies [10], 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 11dB is proposed for example range 2.
Observation 4: due technology and implementation limitations, example range 2 may not be able to reap the benefits of either receiver architecture used in lower or higher frequencies (RF connectors are too lossy, while AAS are too bulky to work in example range 2.)
Proposal 3: a NF of 11dB is proposed for example range 2
Conclusion
Observation 1: TDD is the preferred duplex method for 7-24GHz range.
Observation 2: NF projections are based on certain assumptions made about receiver architecture and the type of antenna systems used.
Observation 3: unlike FR1, NF calculations for example range 1 assume a single band UE.
Observation 4: due technology and implementation limitations, example range 2 may not be able to reap the benefits of either receiver architecture used in lower or higher frequencies (RF connectors are too lossy, while AAS are too bulky to work in example range 2.)
Proposal 1: a NF of 10dB is proposed for example range 1.
Proposal 2: a NF of 10dB is proposed for example range 3.
Proposal 3: a NF of 11dB is proposed for example range 2
References
[1] [bookmark: _Ref13476221]R4-1907798, TP to TR 38.820: Addition of example frequencies in subclause 6.2, RAN4 #91
[2] [bookmark: _Ref13479265]R4-1609122, NR RF parameters and template for WP5D, RAN4 #81
[3] [bookmark: _Ref13488662]R4-168770, Way forward on UE and BS estimated NF for mm-waves and ITU-R related work, RAN4 #80bis
[4] [bookmark: _Ref13733443]R4-1904127, 7-24GHz discuss implications of FR1 and FR2 architectures, RAN4 #90bis
[5] [bookmark: _Ref13490825]R4-165001, UE reference architecture and other considerations at millimeter wave, RAN4 #80
[6] [bookmark: _Ref13565277]R4-168076, NR UE system Noise Figure proposal, RAN4 #80bis
[7] [bookmark: _Ref13736155]R4-1905846, [7-24GHz] Applicable FR1 UE Technologies, RAN4 #91
[8] [bookmark: _Ref14856543]RP-170021, Reply LS to ITU-R WP5D/374 (Attachment 4.13) = ITU-R WP5D/TEMP/182(Rev.1) = RP-161966 on Characteristics of terrestrial IMT systems for frequency sharing/interference analysis in the frequency range between 24.25 GHz and 86 GHz, RAN #75.
[9] [bookmark: _Ref13738183]R4-1903994, On performance of existing RF connector and probe technology, RAN4 #90bis
[10] [bookmark: _Ref13738349]R4-1905912, FR1 and FR2 definitions, RAN4 #91
3GPP
image1.emf

