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1
Introduction

This contribution is a revision of [2] (change bars of this colour).
In this contribution we provide a text proposal for on UE beamforming and number of UE antennas to considered for devising UE RF requirements. While the coexistence studies consider an UE antenna arrangement of 32 patches, a more realistic number of antenna elements for implementation is 8 or up to 16, at least around 30 GHz for a range of form factors of mobile devices (phablets and tablets). This is also considering that the UE must also accommodate antennas for LTE. In the proposed text beamforming gains using 4 or 8 antennas in a realistic ocnfiguration is also demonstrated. The findings can also be used as a background to a decision on a proper UE reference architecture for NR operation at 30 GHz with a realistic number of antennas.
The results on beamforming are based on [1].
2
Proposal

It is proposed that the text proposal below is incorporated in the latest version 38.803.
References
1. R4-165494, “Feasibility of UE UL beamforming for NR”, Ericsson, Sony
2. R4-1609592, “TP for 38.803: UE beamforming and number of UE transmitter antennas”, Ericsson, Sony
TEXT PROPOSAL:

< start of text proposal >
6
RF feasibility
Editor’s note: Impacts of RF feasibility on RF requirements are captured in terms of frequencies, physical layer specifications, RF component, and channel bandwidth etc.
6.1
Common issues for UE and BS

Editor’s note: Common RF issues for both UE and BS RF requirement feasibility are captured
6.2
UE requirements
Editor’s note: UE RF issues and its impacts on specifications are captured such that implementation impact of integrated RF, wider channel bandwidth, wave form, RF component characteristics due to higher frequencies, deployment scenarios(necessity of narrow blocking etc.) on the existing RF requirements.

6.2.1

General

6.2.1.X
UE antenna arrangement and feasibility of UE beamforming
In this sub-section we consider the number of TX antennas and the PA architecture that should be assumed for setting relevant UE transmitter requirements. Multiple UE transmitter antennas make possible UL beamforming and we consider its potential performance for devising a suitable antenna arrangement for UE reference architecture(s) to be used for setting UE transmitter requirements. 
6.2.1.X.1
Multiple antennas at mmW frequencies

UE implementation of multiple antennas is feasible if the device is large compared to the wavelength. Already today 4RX antenna ports are specified for LTE and are considered feasible for high bands in typical UE form factors (e.g. above 1.7 GHz), although some form factors could support more than two ports also at lower frequencies. 

Devices are large in terms of wavelengths if used in  potential NR bands above 24 GHz:

· Due to design constraints antenna elements get more directive compared to around 2 GHz;

· a single element will not offer sufficient omnidirectional coverage;

· the use of multiple elements with beam patterns pointing in different directions and with different polarizations will improve link budget and offer omnidirectional coverage.
Moreover, distributed PAs are likely to be used since the losses by the feeder networks will be reduced, and integration of radio and antennas is likely so UL/DL coherency within the RFIC can probably be achieved with sufficient accuracy (CSI acquisition relies on coherency).
6.2.1.X.2
Number of UE antennas
While the coexistence studies consider an UE antenna arrangement of 32 patches, a more realistic number of antenna elements for implementation is 8 or up to 16, at least around 30 GHz. This is also considering that the UE must also accommodate antennas for LTE. 
One example of a possible arrangement is shown in Figure 6.2.1.X.2-1 with the mmW antennas arranged in groups, the LTE antennas and NR antennas for below 6 GHz operation are arranged at the bottom of the device. Other arrangements are also possible. 8 or possibly 16 mmW elments is more realistic than 32 elements at 30 GHz considering typical UE form factors.
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Figure 6.2.1.X.2-1: antenna arrangement on the UE with groups of mmW antennas.

For the assessment of the performance of UE beamforming below we consider 4 or 8 antennas in an array arrangement as shown in Figure 6.2.1.X.2-2
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Figure 6.2.1.X.2-2: antenna arrangement on the UE used for the evaluation of beamforming gain.

6.2.1.X.3
PA architecture
The distributed resource is more likely at mm-wave frequencies with the PA closer to the antenna to reduce feeder losses rather than a common PA shown in Figure 6.2.1.X.3-1. Antenna precoders with constant modulus is designed with the architecture in mind.

[image: image3.png]Distributed PAs

Common PA




Figure 6.2.1.X.3-1: PA arrangement with the more likely distributed architecture on the right-hand side.
Hybrid archirectures with the ”precoder” replaced by an analogue beamforming network is also feasible around 30 GHz, e.g. 4 x 2 antenna elements or 2 x 4 antenna elements.
6.2.1.X.4
UE beamforming performance
In this sub section estimated UE beamforming performance with 4 or 8 antennas arranged in an array as shown in Figure 6.2.1.X.2-1 is discussed. The prerequisites of the study are described in detail in Annex D. The results are obtained at 15 GHz but it can be expected that similar performance gains can be observed above 24 GHz.
Various scenarios with different number of rays (directions) per channel realization, number of blocks (fading) in frequency and antenna precoding are considered. For the latter a channel information degeneration in terms of a rotational and a phase error is also introduced. The former is a UE rotation with regard to the optimal precoder configured by the channel estimation, and modeled as normally distributed with zero mean and standard deviation per angle of 0, 1, or 10 degrees (the UE is rotated before the optimal precoder is used for UL transmission). The phase error is assumed to be normal distributed with zero mean with a standard deviation of 0 (no error) or 30 degrees in the results shown below, and is independent between all radio branches and channel realizations.
Besides the wanted signal to the connected BS the signal received by interfered BS is also evaluated. The precoder for the desired signal is selected based on channel knowledge between the serving (connected) BS and the UE, while the UL received power per antenna at the interfered BS is estimated by a making a random channel realization (including direction of rays) towards the interfered BS given the selected precoder for the desired signal. The average channel gain is the same for all channel realizations allowing relative comparison between signals received. No interference suppression/rejection assumed at the interfered BS.
In all scenarios considered we assume two BS “beams”, i.e. two orthogonal polarizations each with a set of DL RS (two ports), while the number of UE antennas are either 4 or 8. MRC combining is used in the BS receiver. Only single-layer UL transmission is considered (one stream), and the codebook size is always 32. Recall that the AOA (=AOD) of the rays at the UE is uniform [image: image4.png][-180°1807]



in azimuth and uniform  [image: image5.png][60°90°]



 in elevation as described in Annex D. The scenarios considered are summarized in Table 6.2.1.X.4-1. 

Table 6.2.1.X.4-1: scenarios

	Scenario
	Number of pairs of rays

(Nray)
	Number of fading blocks in frequency
	Phase error (Degrees)
	Rotational error

(Degrees)

	1
	1
	1
	0 or 30

	0

	2
	1
	1
	
	1

	3
	1
	1
	
	10

	4
	10
	1
	
	0

	5
	50
	1
	
	0

	6
	50
	25
	
	0 

	7
	10
	1
	
	1

	8
	10
	1
	
	10

	9
	1
	25
	
	10

	10
	1
	25
	
	0

	11
	10
	25
	
	0


The simulation results for the scenarios in Table 6.2.1.X.4-1 are shown in Figure 6.2.1.X.4-1 for all scenarios with 8 UE antennas and a zero-degree phase error (but with a rotational error for each scenario as shown in the table). The graphs show the received power level at the 50% level normalized to the total output power of the UE (with the average channel gain of unity).  Single PMI and Multiple PMI refer to feedback-based precoding; the precoding granularity is the same as that for the fading blocks (see Section 2 for an explanation of the notions of reciprocity based precoding).
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Figure 6.2.1.X.4-1: results for the scenarios with an assumed phase error of 0 degrees.

First we note that the gain of the wanted signal is almost 2 dB for the isotropic antenna for all scenarios, this is close to the theoretical result for MRC combining of two independent exponentially distributed outcomes (one per polarization) with a mean of unity. 

In general we observe that 

· the UL beamforming results in significant gain for the serving BS and reduced interference at other BS compared to the isotropic antenna. The interference increases when the channel gets richer (e.g. scenario 6) 

· the wanted signal is very sensitive to large (10 degree) rotations. 
Moreover, the reciprocity-based schemes outperform the feedback based. Multiple PMI gives improved performance than Single PMI in scenarios for which the number of fading blocks is 25. Note that the codebooks are designed for, and with an assumed, distributed PA architecture so it is relevant to compare the feedback-based schemes with PO.
The corresponding results for a 30 degree phase error are shown in Figure 6.2.1.X.4-2. Then we observe some reduction in the wanted signal, whereas the interference is unaffected as expected. 
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Figure 6.2.1.X.4-2: results for the scenarios with an assumed phase error of 30 degrees.


Next we look at the performance with 4 UE antennas for the cases in Table 6.2.1.X.4-1 assuming the same UE output power. Figure 6.2.1.X.4-3 shows the results with a zero phase error. Comparing with the results displayed in Figure 6.2.1.X.4-1 for 8 antennas we nte an expected decrease in the wanted signal level but the interference is almost the same. 
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Figure 6.2.1.X.4-3: results for the scenarios with an assumed phase error of 0 degrees (4 UE antennas).

It is recalled that these results are obtained at 15 GHz but it can be expected that similar performance gains can also be seen at lower frequencies if physical dimensions are scaled with the wavelength. Hence UL beamforming can give performance gains below 6 GHz using four UE antennas, which is already specified for the RX for bands around 2 GHz.
6.2.1.X.5
UE antenna arrangement for a UE architecture
In the above beamforming gains in terms of an increased wanted signal power at the BS and reduced interference to other BS are demonstrated for 4 or 8 UE antennas in an array; the evaluations show

· a significant potential for an increased wanted signal power at the serving BS;

· that the interference reduction is significant at other BS for both reciprocity and feedback-based precoding schemes.

The gains obtained for 8 UE antennas are relevant for the arrangement Figure 6.2.1.X.2-1, while the gains obtained for 4 RX could be relevant for the arrangement with sub-arrays in Figure 6.2.1.X.2-2 (the results for 4 RX are obtained with the antennas located at the bottom of the phone).

6.2.2

UE Transmitter characteristic

6.2.3

UE Receiver characteristic

6.3
BS requirements
< text omitted >

Annex C: Usage of bands of interest for NR in Europe

The information in this annex are based on ERC Report 25 version  that is approved as of June 2016.
	Band (GHz)
	ECA
	Band Usage/Applications

	24.25- 27.5 GHz

	Adjacent band: 24.05 – 24.25  


	RADIOLOCATION

Amateur

Earth Exploration-Satellite (active)

Fixed

Mobile

5.150 EU2
	Active sensors (satellite) -  Rain radars from satellites

Amateur  - Within the band 24-24.25 GHz

Defence systems 

ISM - Within the band 24-24.25 GHz

Non-specific SRDs  - Within the band 24-24.25 GHz

PMSE - SAP/SAB

Radiodetermination applications - Within the band 24.05-27.00 GHz for TLPR application. Includes narrow band SRR. Within the band 24.05-26.50 GHz for LPR applications

SRR - New SRR systems shall not be introduced in CEPT countries in the frequency bands 21.65-26.65 GHz as of 1 July 2013

TTT - Automotive radars

	24.25- 24.5 
	FIXED

MOBILE

EU17A
	Fixed - Unidirectional fixed links

PMSE - SAP/SAB

Radiodetermination applications.  Within the band 24.05-27.00 GHz for TLPR application. Within the band 24.05-26.50 GHz for LPR applications

SRR - New SRR systems shall not be introduced in CEPT countries in the frequency bands 21.65-26.65 GHz as of 1 July 2013. New SRR systems may only be introduced in CEPT countries in the frequency bands 24.25-26.65 GHz until 1 January 2018; this date is extended by 4 years for SRR equipment mounted on motor vehicles for which a type-approval application has been submitted and has been granted before 1 January 2018

TTT  - Automotive radars

	24.5 – 24.65
	FIXED
	BFWA - CRS paired with 25.5-26.5 GHz for FDD systems

Fixed 

Radiodetermination applications  - Within the band 24.05-27.00 GHz for TLPR application. Within the band 24.05-26.50 GHz for LPR applications

SRR - New SRR systems shall not be introduced in CEPT countries in the frequency bands 21.65-26.65 GHz as of 1 July 2013. New SRR systems may only be introduced in CEPT countries in the frequency bands 21.65-26.65 GHz until 1 January 2018; this date is extended by 4 years for SRR equipment mounted on motor vehicles for which a type-approval application has been submitted and has been granted before 1 January 2018

	24.65 – 25.25
	FIXED

FIXED-SATELLITE (EARTH-TO SPACE) 5.532B
	BFWA - CRS paired with 25.5-26.5 GHz for FDD systems

Fixed 

Radiodetermination applications  - Within the band 24.05-27.00 GHz for TLPR application. Within the band 24.05-26.50 GHz for LPR applications

SRR - New SRR systems shall not be introduced in CEPT countries in the frequency bands 21.65-26.65 GHz as of 1 July 2013. New SRR systems may only be introduced in CEPT countries in the frequency bands 21.65-26.65 GHz until 1 January 2018; this date is extended by 4 years for SRR equipment mounted on motor vehicles for which a type-approval application has been submitted and has been granted before 1 January 2018

	25.25 – 25.5
	FIXED

INTER-SATELLITE 5.536

MOBILE
	BFWA - CRS paired with 25.5-26.5 GHz for FDD systems

Fixed 

Radiodetermination applications  - Within the band 24.05-27.00 GHz for TLPR application. Within the band 24.05-26.50 GHz for LPR applications

SRR - New SRR systems shall not be introduced in CEPT countries in the frequency bands 21.65-26.65 GHz as of 1 July 2013. New SRR systems may only be introduced in CEPT countries in the frequency bands 21.65-26.65 GHz until 1 January 2018; this date is extended by 4 years for SRR equipment mounted on motor vehicles for which a type-approval application has been submitted and has been granted before 1 January 2018

	25.5 – 26.5
	FIXED

INTER-SATELLITE 5.536

MOBILE

SPACE RESEARCH (SPACE-TOEARTH)

5.536C

Earth Exploration-Satellite (space-to-

Earth) 5.536B

5.536A
	BFWA - TS should be paired with 24.5-25.5 GHz for FDD systems

Fixed 

Radiodetermination applications - Within the band 24.05-27.00 GHz for TLPR

application. Within the band 24.05-26.50 GHz for LPR applications

SRR - New SRR systems shall not be introduced in CEPT countries in the frequency bands 21.65-26.65 GHz as of 1 July 2013. New SRR systems may only be introduced in CEPT countries in the frequency bands 21.65-26.65 GHz until 1 January 2018; this date is extended by 4 years for SRR equipment mounted on motor vehicles for which a type-approval application has been submitted and has been granted before 1 January 2018

Space research - Satellite payload telemetry

	26.5 - 27
	INTER-SATELLITE 5.536

MOBILE

SPACE RESEARCH (SPACE-TO EARTH)

5.536C

Earth Exploration-Satellite (space-to-

Earth) 5.536B

5.536A EU27
	Land military systems - Harmonised military band for fixed and mobile

Systems

Radiodetermination applications - Within the band 24.05-27.00 GHz for TLPR

application. Within the band 24.05-26.50 GHz for LPR applications

SRR -  New SRR systems shall not be introduced in CEPT countries in the frequency bands 21.65-26.65 GHz as of 1 July 2013. New SRR systems may only be introduced in CEPT countries in the frequency bands 21.65-26.65 GHz until 1 January 2018; this date is extended by 4 years for SRR equipment mounted on motor vehicles for which a type-approval application has been submitted and has been granted before 1 January 2018

Space research  - Satellite payload telemetry

	27 – 27.5
	FIXED

INTER-SATELLITE 5.536

MOBILE

Earth Exploration-Satellite (space-to-

Earth)

EU27
	Land military systems  - Harmonised military band for fixed and mobile

systems

	Adjacent band:  27.5 GHz – 28.5 GHz 


	FIXED

FIXED-SATELLITE (EARTH-TO SPACE)

5.484A 5.516B 5.539

5.538

5.540
	BFWA  - CRS paired with 28.5-29.5 GHz for FDD systems. The Earth-to-Space direction for uncoordinated Earth stations within the

band 27.5-27.8285 GHz. The Space-to-Earth direction is limited to beacons for uplink power control 27.5-27.501 GHz

FSS Earth stations - The Earth-to-Space direction for uncoordinated Earth stations within the band 27.5-27.8285 GHz..The Space-to-Earth direction is limited to beacons for uplink power control 27.5-27.501 GHz

Feeder links Feeder links to be used for Broadcasting satellites (HDTV) 27.5-29.5 GHz

Fixed - For frequency arrangement between FS and FSS see ECC/DEC/(05)01

GSO ESOMPs 

NGSO ESOMPs 

	31.8-33.4 GHz

	Adjacent band:  31.5 – 31.8 GHz
	EARTH EXPLORATION-SATELLITE

(PASSIVE)

RADIO ASTRONOMY

SPACE RESEARCH (PASSIVE)

Fixed

Mobile except aeronautical mobile

5.149

5.546
	Fixed

Passive sensors (satellite) Measurement of sea ice, water vapour, oil spills, liquid water, clouds, surface temperature. Emissivity and  atmospheric attenuation. Reference window for the 50-60 GHz range

Radio astronomy - Continuum observations

	31.8 – 32.3
	FIXED 5.547A

RADIONAVIGATION

SPACE RESEARCH (DEEP SPACE)

(SPACE-TO-EARTH)

5.547

5.548

	Fixed  - Point-to-Point and Point-to-Multipoint. High Density FS

	32.3 – 33.4
	FIXED 5.547A

INTER-SATELLITE

RADIONAVIGATION

5.547

5.548
	Fixed - Point-to-Point and Point-to-Multipoint. High Density FS

	Adjacent band above 33.4 GHz 


	RADIOLOCATION

EU2

EU27
	Radiodetermination applications  - Surveying and measurement

Radiolocation (military) - Harmonised military band for radiolocation

systems

	37-40.5 GHz

	Adjacent band: 36 -  37 


	EARTH EXPLORATION-SATELLITE

(PASSIVE)

FIXED

MOBILE

SPACE RESEARCH (PASSIVE)

Radio Astronomy

5.149

5.550A

EU27
	Land military systems  - Harmonised military band for radiolocation systems

Passive sensors (satellite) -  EESS surface emmissivity, snow, sea ice and

Precipitation

Radio astronomy - Spectral line observations (Hydrogen cyanide and Hydroxil lines) 36.43-36.50 GHz

	37 – 37.5
	FIXED

SPACE RESEARCH (SPACE-TO EARTH)

5.547 EU2
	Fixed - Major use by civil Fixed Service systems. High Density fixed links

Land military systems - Low and medium capacity fixed links

	37.5 - 38
	FIXED-SATELLITE (SPACE-TO EARTH)

SPACE RESEARCH (SPACE-TO EARTH)

Earth Exploration-Satellite (space-to-

Earth)

5.547 EU2
	FSS Earth stations - Uncoordinated Earth stations shall not claim protection from the Fixed Service

Fixed - Major use by civil Fixed Service systems. High Density fixed links

Land military systems - Low and medium capacity fixed links

	38 – 39.5
	FIXED

FIXED-SATELLITE (SPACE-TO EARTH)

Earth Exploration-Satellite (space-to-

Earth)

5.547 EU2
	FSS Earth stations - Uncoordinated Earth stations shall not claim protection from the Fixed Service

Fixed - Major use by civil Fixed Service systems. High Density fixed links

Land military systems - Low and medium capacity fixed links

	39.5 – 40
	FIXED

FIXED-SATELLITE (SPACE-TO EARTH) 5.516B

MOBILE

MOBILE-SATELLITE (SPACE-TOEARTH)

Earth Exploration-Satellite (space-to- Earth)

5.547 EU2
	FSS Earth stations

	40 – 40.5
	FIXED

FIXED-SATELLITE (SPACE-TO EARTH)

5.516B

MOBILE

MOBILE-SATELLITE (SPACE-TO EARTH)

SPACE RESEARCH (EARTH-TO SPACE)

Earth Exploration-Satellite (space-to-

Earth)

EU2
	FSS Earth stations

	Adjacent band: 40.5 – 41 GHz 
	BROADCASTING

BROADCASTING-SATELLITE

FIXED

5.547
	FSS Earth stations

Fixed - Point-to-point and terrestrial multipoint systems

MWS  - Point-to-point and terrestrial multipoint systems

	40.5-42.5 GHz

	Adjacent band:  40 – 40 - 40.5 GHz


	FIXED

FIXED-SATELLITE (SPACE-TO EARTH)

5.516B

MOBILE

MOBILE-SATELLITE (SPACE-TO EARTH)

SPACE RESEARCH (EARTH-TO SPACE)

Earth Exploration-Satellite (space-to-

Earth)

EU2
	FSS Earth stations

	40.5 – 42.5
	BROADCASTING

BROADCASTING-SATELLITE

FIXED

5.547

5.551H

5.551I
	FSS Earth stations

Fixed  - Point-to-point and terrestrial multipoint systems

MWS - Point-to-point and terrestrial multipoint systems

	Adjacent band : 42.5 – 43.5 
	FIXED

FIXED-SATELLITE (EARTH-TO SPACE)

5.552

MOBILE EXCEPT AERONAUTICAL

MOBILE

RADIO ASTRONOMY

5.149

5.547
	FSS Earth stations - Priority for civil networks

Fixed -  Point-to-point and terrestrial multipoint systems

MWS - Point-to-point and terrestrial multipoint systems

Radio astronomy -  Continuum and spectral line observations (e.g. silicon monoxide line), VLBI

	42.5 – 43.5 GHz

	Adjacent band : 40.5 – 42.5
	BROADCASTING

BROADCASTING-SATELLITE

FIXED

5.547

5.551H

5.551I
	FSS Earth stations

Fixed  - Point-to-point and terrestrial multipoint systems

MWS - Point-to-point and terrestrial multipoint systems

	42.5 – 43.5 
	FIXED

FIXED-SATELLITE (EARTH-TOSPACE)

5.552

MOBILE EXCEPT AERONAUTICAL

MOBILE

RADIO ASTRONOMY

5.149

5.547
	FSS Earth stations - Priority for civil networks

Fixed -  Point-to-point and terrestrial multipoint systems

MWS - Point-to-point and terrestrial multipoint systems

Radio astronomy -  Continuum and spectral line observations (e.g. silicon monoxide line), VLBI

	Adjacent band: 43.5  - 45.5 GHz 


	MOBILE 5.553

MOBILE-SATELLITE

Fixed-Satellite

5.554 EU27
	Defence systems  - Harmonised military band for satellite uplinks

and mobile systems

	45.5-47 GHz

	Adjacent band: 43.5  - 45.5 GHz 


	MOBILE 5.553

MOBILE-SATELLITE

Fixed-Satellite

5.554 EU27
	Defence systems  - Harmonised military band for satellite uplinks

and mobile systems

	45.5 - 47
	MOBILE 5.553

MOBILE-SATELLITE

RADIONAVIGATION

RADIONAVIGATION-SATELLITE

5.554
	Not allocated

	Adjacent band: 47 – 47.2  


	AMATEUR

AMATEUR-SATELLITE
	Amateur 

Amateur-satellite

	47 – 47.2 

	Adjacent band:  45.5 - 47
	MOBILE 5.553

MOBILE-SATELLITE

RADIONAVIGATION

RADIONAVIGATION-SATELLITE

5.554
	Not allocated

	47 – 47.2
	AMATEUR

AMATEUR-SATELLITE
	Amateur 

Amateur-satellite

	Adjacent band:  

47.2 GHz - 47.5 


	FIXED

FIXED-SATELLITE (EARTH-TOSPACE) 5.552

MOBILE

5.552A
	FSS Earth stations.  For fixed applications. Priority for civil networks

Feeder links. For 40 GHz Broadcasting satellites

HAPS

PMSE SAP/SAB

	47.2 – 50.2

	Adjacent band:  47 – 47.2


	AMATEUR

AMATEUR-SATELLITE
	Amateur 

Amateur-satellite

	47.2 GHz - 47.5 GHz
	FIXED

FIXED-SATELLITE (EARTH-TO SPACE) 5.552

MOBILE

5.552A
	FSS Earth stations.  For fixed applications. Priority for civil networks

Feeder links. For 40 GHz Broadcasting satellites

HAPS

PMSE SAP/SAB

	47.5 – 47.9 GHz
	FIXED

FIXED-SATELLITE (EARTH-TO SPACE) 5.552

FIXED-SATELLITE (SPACE-TOEARTH) 5.516B 5.554AMOBILE
	FSS Earth stations High Density FSS

Feeder links For 40 GHz Broadcasting satellites

PMSE SAP/SAB

	47.9 GHz - 48.2 GHz
	FIXED

FIXED-SATELLITE (EARTH-TO SPACE) 5.552

MOBILE

5.552A
	FSS Earth stations For fixed applications. Priority for civil networks

Feeder links For 40 GHz Broadcasting satellites

HAPS

PMSE SAP/SAB

	48.2 GHz - 48.54 GHz
	FIXED

FIXED-SATELLITE (EARTH-TO SPACE)  5.552

FIXED-SATELLITE (SPACE-TO EARTH) 5.516B 5.554A 5.555B

MOBILE
	FSS Earth stations High Density FSS

Feeder links For 40 GHz Broadcasting satellites

Fixed Within the band 48.5-50.2 GHz and 50.9-52.6 GHz

PMSE SAP/SAB

	48.54 GHz - 49.44 GHz
	FIXED

FIXED-SATELLITE (EARTH-TO SPACE) 5.552

MOBILE

RADIO ASTRONOMY

5.149 EU17A

5.340

5.555
	FSS Earth stations For fixed applications. Priority for civil networks

Feeder links 48.5-49.2 GHz for 40 GHz Broadcasting satellites

Fixed  - Within the band 48.5-50.2 GHz and 50.9-52.6 GHz

PMSE SAP/SAB

Radio astronomy -  Spectral line observations (e.g. carbon monosulphide line)

	49.44 GHz - 50.2 GHz
	FIXED

FIXED-SATELLITE (EARTH-TO SPACE) 5.338A 5.552

FIXED-SATELLITE (SPACE-TOEARTH)

5.516B 5.554A 5.555B

MOBILE

EU17A
	FSS Earth stations -  High Density FSS

Fixed - Within the band 48.5-50.2 GHz and 50.9-52.6 GHz

PMSE - SAP/SAB

	Adjacent band:  50.2 – 50.4 


	EARTH EXPLORATION-SATELLITE

(PASSIVE)

SPACE RESEARCH (PASSIVE)

5.340
	Passive sensors (satellite) -  Atmospheric temperature sounding. Terrestrial passive radiometers. Reference window for the

52.6-59.3 GHz band

Radio astronomy -  Continuum and spectral line observations

	50.4-52.6 GHz

	Adjacent band:  50.2 – 50.4 


	EARTH EXPLORATION-SATELLITE

(PASSIVE)

SPACE RESEARCH (PASSIVE)

5.340
	Passive sensors (satellite) -  Atmospheric temperature sounding. Terrestrial passive radiometers. Reference window for the

52.6-59.3 GHz band

Radio astronomy -  Continuum and spectral line observations

	50.4 – 51.4
	FIXED-SATELLITE (EARTH-TO SPACE) 5.338A

Mobile-Satellite (Earth-to-space)

EU2
	Future satellite and terrestrial applications. Shared civil and non civil allocation

Fixed within the band 48.5-50.2 GHz and 50.9-52.6 GHz

	51.4 GHz - 52.6 GHz
	FIXED 5.338A

MOBILE

RADIO ASTRONOMY

5.547

5.556
	Fixed within the band 48.5-50.2 GHz and 50.9-52.6 GHz

Radio astronomy - Continuum and spectral line observations

	Adjacent band: 52.6 -54.25 


	EARTH EXPLORATION-SATELLITE

(PASSIVE)

SPACE RESEARCH (PASSIVE)

5.340

5.556
	Passive sensors (satellite) -  Atmospheric temperature sounding. Terrestrial passive radiometers

Radio astronomy - Continuum and spectral line observations

	66-76 GHz

	Adjacent band:  65 - 66 


	EARTH EXPLORATION-SATELLITE

FIXED

INTER-SATELLITE

MOBILE EXCEPT AERONAUTICAL

MOBILE

SPACE RESEARCH

5.547
	Fixed - High density fixed links

Land mobile -  Broadband mobile systems for connection to IBCN paired with 62-63 GHz

Wideband data transmission systems 

	66-71
	INTER-SATELLITE

MOBILE 5.553 5.558

MOBILE-SATELLITE

RADIONAVIGATION

RADIONAVIGATION-SATELLITE

5.554
	ERC Report 25 shows no applications in Europe

	71-74
	FIXED

FIXED-SATELLITE (SPACE-TO EARTH)

MOBILE

MOBILE-SATELLITE (SPACE-TOEARTH)

EU27
	Defence systems.  Harmonised military band. Pairing with 81-84 GHz is envisaged

Fixed

	74 – 75.5
	BROADCASTING

BROADCASTING-SATELLITE

FIXED

FIXED-SATELLITE (SPACE-TOEARTH)

MOBILE

Space Research (space-to-Earth)

5.561
	Fixed 

Radiodetermination applications.  Within the band 75-85 GHz for TLPR and LPR applications 

Space research.  VLBI measurements within the band 74-84 GHz

	75.5 - 76
	BROADCASTING

BROADCASTING-SATELLITE

FIXED

FIXED-SATELLITE (SPACE-TOEARTH)

Amateur

Amateur-Satellite

5.561 

EU2, EU35
	Amateur 

Amateur-satellite 

Radiodetermination applications.  Within the band 75-85 GHz for TLPR and LPR applications 

Space research.  VLBI

	Adjacent band: 76 – 77.5 


	BROADCASTING

BROADCASTING-SATELLITE

FIXED

FIXED-SATELLITE (SPACE-TO EARTH)

Amateur

Amateur-Satellite

5.561 EU2

EU35
	Amateur - Within the band 75.5-81.5 MHz

Amateur-satellite  - Within the band 75.5-81.5 MHz

Fixed 

Radiodetermination applications - Within the band 75-85 GHz for TLPR and LPR applications

Space research - VLBI

	81-86

	Adjacent band: 79 - 81 


	RADIO ASTRONOMY

RADIOLOCATION

Amateur

Amateur-Satellite

5.149 EU2
	Amateur  - Within the band 75.5-81.5 GHz

Amateur-satellite - Within the band 75.5-81.5 GHz

Radio astronomy -  Continuum and spectral line observations

Radiodetermination applications - Within the band 75-85 GHz for TLPR and LPR applications

Radiolocation (civil)

Radiolocation (military)

SRR 

	81 - 84
	FIXED 5.338A

FIXED-SATELLITE (EARTH-TO SPACE)

MOBILE

MOBILE-SATELLITE (EARTH-TO SPACE)

RADIO ASTRONOMY

Space Research (space-to-Earth)

5.149 EU27

5.561A
	Amateur within the band 75.5-81.5 GHz

Amateur-satellite within the band 75.5-81.5 GHz

Defence systems.  Harmonised military band. Paring with 71-74 GHz is envisaged 

Radio astronomy 

Radiodetermination applications. Within the band 75-85 GHz for TLPR and LPR

applications

	84 - 86
	FIXED 5.338A

FIXED-SATELLITE (EARTH-TO SPACE)

MOBILE

RADIO ASTRONOMY

5.149
	Fixed 

Radio astronomy 

Radiodetermination applications.  Within the band 75-85 GHz for TLPR and LPR

applications

	Adjacent band:  86 - 92 


	EARTH EXPLORATION-SATELLITE

(PASSIVE)

RADIO ASTRONOMY

SPACE RESEARCH (PASSIVE)

5.340
	Passive sensors (satellite)  - Measurement of clouds, oil spills, ice, snow,

rain, reference window for the temperature sounding near 118 GHz

Radio astronomy -  Continuum and spectral line observations. VLBI


Annex D: prerequisites for assessment UE beamforming performance
In this annex we list the prerequisites for the assessment of beamforming performance with 4 and 8 antennas at 15 GHz. The purpose is to indicate the ballpark gains of UL beamforming and how these gains change under different channel conditions, precoding and CSI feedback. The metrics for evaluation are the increase of the wanted UL signal power at the connected BS and any interference reduction seen at the other BS. 
The channel model is as follows: each realization of the channel is a superposition of

· Nray pairs of rays

· a pair of rays is a model of a path between the BS equipped with two orthogonally polarized antennas (or rather beams) and the UE

· each ray is dual polarized with the two polarizations subject to independent Rayleigh fading 

· the angle-of-arrival AOA (= AOD) is randomly selected per pair; the azimuth distribution is uniform  [image: image9.png][-180°1807]



and the elevation angle is uniform  [image: image10.png][60°90°]



 (see description of the UE antenna patterns below)
· all antennas on the UE see the same type of channel but channel responses differ due to different locations, orientations and polarizations for the UE antennas, which means that different UE antennas see different sub-channels.

Elevation angles in the range [image: image11.png][60°90°]



 has been assumed and evaluated for this study; this does not imply any restriction on the UE antenna patterns in general.
Furthermore, a channel realization consists of a set of 1, 10 or 50 pairs of rays. Each pair has the same direction (assuming dual polarized BS antenna) but the polarizations are subject to independent fading modeled as a complex Gaussian. The directions for the pairs of rays are independent from each other. The received signal per UE antenna is the coherent sum of the antenna responses for all rays, see Figure D-1.

[image: image12.png]



Figure D-1: received DL signal as a coherent sum of dual-polarized rays.

In the frequency domain a block fading channel has been assumed with either 1 block (narrowband) or 25 blocks, where the fading is independent between the blocks. The total power over all the block(s) is observed at the BS. 

The precoding for UL transmissions is based on either reciprocity or feedback. We assume that the hardware is reciprocal w r t UL and DL. 

For reciprocity the following precoders are evaluated for transmission based on reciprocity:

1. Maximum ratio transmission (MRT) for which the precoder [image: image13.png]Wy RT



 is the eigenvector corresponding to the largest eigenvalue of the channel correlation matrix

2. Phase-only (PO) precoding with [image: image14.png]1 1
w =W I
PO,k — YWMRT k" WMRTkl /—nUE




 where [image: image15.png]


 is the number of UE antennas, i.e. the phase-only precoder is constant modulus where the phase component is given by [image: image16.png]Wy RT



 
3. Antenna selection (AS): select the strongest antenna per block  
For reference, the performance for a single isotropic antenna is evaluated.

The precoder codebooks for closed-loop beamforming have been defined for rank = 1 only, where the constellation is based on QPSK, i.e. four different phases and equal amplitude. Two types of precoders have been devised:

1. Codebook type 1 for no correlation between antennas (channels), antennas

2. Codebook type 2 for a combination of full correlation and no correlation between antennas (channels), the codebook sizes 16, 32 and 64 evaluated for 4 and 8

Two types of power distribution (PA configuration) have been evaluated:

1. Common resource (Com), the total output power is limited

2. Distributed resource (Dist), the total output power is equally shared between antennas; the available, but not necessarily used, output power per antenna in this case is [image: image17.png]Ptot/nyg




The precoders are normalized such that the magnitude is unity for common PA, whereas the maximum magnitude per PA is 1/sqrt(nUE) for distributed PAs. The total output power is the same no matter the number of antennas; the radiated power depends on the precoder configured and the PA configuration. The distributed resource is more likely at mm-wave frequencies with the PA closer to the antenna to reduce feeder losses, see Figure 6.2.1.X.3-1. The PO precoder is designed with this architecture in mind.
The UE prototype is of a smartphone form factor as shown in Figure D-2 with the antennas indicated by the blue circles along the y-axis.  

[image: image18.png]



Figure D-2: antenna arrangement on the UE.
A sample pattern of one of the eight antenna elements is shown in Figure D-3 for the two polarization planes. The black rectangle indicates the evaluation area considered in this study: the pairs of rays in the channel model are launched such that the AOA in the DL (AOD in UL) is uniform [image: image19.png][-180°1807]



in azimuth and uniform in [image: image20.png][60°90°]



 in elevation. 
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Figure D-3: sample pattern of one of the UE antenna elements.

Shadowing by a user (taking the measurement) is also noticeable: encircled in red is the area where the user is shadowing, which leads to a lower gain measured roughly between 240 and 300 degrees in azimuth. 

The metric for evaluation is the total power in the UE at the 50% level. Figure D-4 shows the results at line-of-sight (LOS) for which the direction for one pair of rays (the direct path) uniformly distributed in the evaluation area indicated in Figure D-3. The precoding is based on reciprocity. The median gain relative to the “maximum element gain” is 7.5 dB and we observe a 0.8 dB difference between MRT and PO precoding. 

The dotted curves indicate the performance in the shadowed region between 240 and 300 degrees azimuth, the gain is then lower than that achieved by a theoretical isotropic antenna (only a single antenna at the UE).
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Figure D-4: performance at LOS.

< end of text proposal >
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