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Introduction
The study item on supporting NR from 52.6 GHz to 71 GHz [1] was approved at RAN#86. Before that, 3GPP RAN studied requirements for NR beyond 52.6GHz up to 114.25GHz, potential use cases and deployment scenarios, and NR system design requirements and considerations on top of regulatory requirements [2]. 
This contribution discusses the reasonable antenna arrangements for beyond 52.6 GHz range taking into the output powers allowed in regulation. The arrangements include size of the array, number of elements, and the achievable gain, etc. Meanwhile, the comparison of the requirements needs from FR2 are addressed as well.
Discussion
Antenna arrangement, modeling and co-existence performance
The overall dimensions of the antenna array effect most notably the achievable directivity of the antenna, but there are also consequences on efficiency and beamforming capability.
For aperture antennas, the antenna gain G and the physical aperture size Aphys have a dependence through the following equation:
,
where λ is the wavelength of the radiation and ηap is the aperture efficiency. The ηap depends on illumination of the antenna (e.g. tapering), polarization of the wave (polarization mismatch), antenna surface (mainly through phase distribution), and the efficiency of the antenna itself (power loss and impedance mismatch). In the two following figures, the achievable gain vs. size at several mm-wave frequencies is illustrated assuming a square aperture and a very optimistic 80% (-1 dB) aperture efficiency. If the aperture was an array constituting a similar current distribution as the corresponding continuous aperture, the achievable gains for given size would correspond as well. Assuming λ/2 spacing in the array, the numbers of elements per side for a given gain would correspond to the intersections of the solid and dotted lines in the figures. For example, a 16-element (4x4) array can achieve a gain of approximately 16 dB, while a 1024-element (32x32) array can achieve 34 dB of gain. A 20x20 mm2 area at 30 GHz can accommodate 4x4 elements, while at 120 GHz the same physical area can fit 16x16 elements.
[image: ]
[bookmark: _Ref424288397]Figure 1. Achievable gain of a square aperture antenna of given dimension at frequencies 30 – 120 GHz. The intersections of the dotted and solid lines give numbers of elements and achievable gain in a λ/2-spaced array for given square side. 
In reality, an array does not constitute identical current distribution (and therefore the same radiation pattern) compared to a continuous aperture of same size. An array of microstrip patches, for example, could reach 3 dB higher directivity due to ground plane effect. In practice, losses and mutual coupling degrade the performance of any antenna array to some extent. 
The losses of the feeding and power distribution network affect the possible implementations of the antenna array. It is expected that the feeding network losses increase faster than the directivity as the number of elements increases. This means that the antenna gain cannot be infinitely improved by adding more elements. In the case of mm-wave frequencies, the losses of the feed network are even more critical than in cm wave frequencies. 
One major part of the work in defining requirements for a new frequency range is typically to run co-existence simulations to find out what is the required ACLR and ACS performance required to guarantee co-existence between operators in the network. Co-existence study for 45 GHz and 70 GHz frequency range was already done as part of NR study item, and the parameters used in the study reflect the device characteristics sufficiently well. Therefore, we propose that no new co-existence simulation study is done, but instead the applicable ACLR and ACS performance for BS is extracted from co-existence study results documented in TR 38.803.
Observation 1: Co-existence study for this frequency range has already been documented in TR 38.803
Proposal 1: Extract the ACLR and ACS requirements from TR 38.803
Normally detailed antenna array modelling is required as part of defining requirements for a new frequency range as the antenna modelling is needed for the co-existence study. As no further co-existence study is needed, there is no immediate reason to start new work for improved antenna modelling.
Observation 2: As co-existence study is already done, justification is needed to start more detailed antenna modelling exercise

When the performance aspects of NR operation from 52.6 to 71 GHz were evaluated in RAN1, 40 dBm and 60 dBm EIRP levels were used to address both unlicensed and licensed operation. The used antenna array sizes for base station were 4x8 and 8x16, i.e. similar to what is typical for FR2 deployments. The simulation are captured in the annex A of [3].
Correspondingly, clause 4.2.5 BS aspects in [3] already captures that array sizes and beamwidths are similar to FR2. Therefore, it no in depth studies are needed in RAN4 for new antenna models. If necessary, the BS antenna model from TR 38.803 clause 5.2.3.2 could be copied over to TR 38.808, even though there is currently no clear use case for it.
Proposal 2: Re-use the generic antenna model from FR2 studies in 38.803, if needed.
Specification impacts
When ACLR is agreed based on the results in TR 38.803, a slightly lower ACLR compared to lower FR2 operating bands is expected. As ACLR is modified it is reasonable to verify that related requirements, like operating band unwanted emissions and absolute ACLR work together with ACLR as intended, i.e. complementing each other. Naturally, regulatory requirements need to be taken into account when emission requirements are set. 
In addition to emission considerations, it would be useful to evaluate, and update if needed, the ON-OFF transient times. As subcarrier spacings get wider, transient time starts to eat into the usable symbol, which has negative performance impact. Therefore, transient times from current FR2 operating bands should not be automatically applied for operation above 52.6 GHz.
Proposal 3: If ACLR value is adjusted compared to current FR2 operating bands, also other related emission requirements, like OBUE and absolute ACLR, should be re-evaluated and adjusted if there is a need. Regulatory requirements need to be respected.

Proposal 4: Agree the TP to 38.808 to complete the BS part of the TR

Conclusion 
[bookmark: _GoBack]In this contribution BS RF aspects related to NR operation above 52.6 GHz were discussed. Following observations and proposals were made.
Observation 1: Co-existence study for this frequency range has already been documented in TR 38.803
Observation 2: As co-existence study is already done, justification is needed to start more detailed antenna modelling exercise
Proposal 1: Re-use the generic antenna model from FR2 studies in 38.803, if needed.
Proposal 2: Extract the ACLR and ACS requirements from TR 38.803
Proposal 3: If ACLR value is adjusted compared to current FR2 operating bands, also other related emission requirements, like OBUE and absolute ACLR, should be re-evaluated and adjusted if there is a need. Regulatory requirements need to be respected.

Proposal 4: Agree the TP to 38.808 to complete the BS part of the TR
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[bookmark: _Toc57038821][bookmark: _Toc57038277][bookmark: _Toc57038152][bookmark: _Toc57036037][bookmark: _Toc57035421][bookmark: _Toc56754116]4.2.5	BS aspects
[bookmark: _Toc57038822][bookmark: _Toc57038278][bookmark: _Toc57038153][bookmark: _Toc57036038][bookmark: _Toc57035422][bookmark: _Toc56754117]4.2.5.1	BS antenna arrays
More detailed antenna array modelling may be further considered in work item if needed.
Antenna array configurations were evaluated with respect to target output power. It is assumed that each antenna array element has its own power stage and antenna elements have 60% aperture coupling efficiency. The EIRP can be calculated as shown in Table 4.2.4.2-3. While the example in table 4.2.5.1-1 is provided for 16x8 element array, the same principle can be used to evaluate the array sizes required to reach 40 dBm and 60 dBm EIRP, which we set for targets for system evaluations according to Annex A.2 The result is that reaching 40 dBm EIRP requires an 4x8 element array whereas 60 dBm EIRP requires 16x16 element array.
It should be noted that the estimates are very conservative, given that the power amplifier study [74] outlines the saturated power for CMOS technology between 22 and 23 dBm for 52.6 – 71 GHz frequency range. Therefore, plenty of design margin for possible front-end losses have been included.
Table 4.2.5.1-1: Example antenna arrays 
	Carrier frequency
	 
	70.0GHz

	Array size
	
	16x8

	System Gain & Coverage Analysis
	 
	 

	Total Conducted Power
	dBm
	28.0

	Tx Arrayed Antenna Gain
	dBi
	24.8

	EIRP per polarization
	dBm
	52.8

	Number of antenna polarizations
	 
	2

	Number of streams / polarizations
	 
	1

	Transmitter Array Information (per polarization)
	 
	 

	# elements in X
	 
	16

	# elements in Y
	 
	8

	Number of antenna elements
	 
	128

	Element spacing
	lambda
	0.5

	Array size, X dimension
	mm
	34.3

	Array size, Y dimension
	mm
	17.1

	Element directivity
	dB
	6.0

	Array factor
	dB
	21.0

	Antenna directive gain
	dB
	27.0

	Antenna coupling efficiency
	%
	60 %

	Antenna coupling efficiency
	dB
	-2.2

	Tx Array Antenna Gain
	dB
	24.8

	Transmitter Power Amplifier Info (per polarization)
	 
	 

	PA OP1dB
	dBm
	16

	Backoff, i.e. modulated signal PAPR
	dB
	9.0

	Average power output per PA
	dBm
	7

	Power into each sub-array or antenna element
	dBm
	7

	Number of Tx sub-array PAs or antenna elements
	 
	128

	Multi element or sub-array power gain
	dB
	21

	Total Conducted Power
	dBm
	28.0



The array sizes are similar to FR2 array in 24.25 – 52.6 GHz frequency range, and therefore also the beamwidths are similar. Therefore, no need was found to start further studies on antenna array modelling and or other antenna evaluations. If there is a need, BS antenna models from [73] can be re-used.
[bookmark: _Toc57038823][bookmark: _Toc57038279][bookmark: _Toc57038154][bookmark: _Toc57036039][bookmark: _Toc57035423][bookmark: _Toc56754118]4.2.5.2	Noise figure
Referring to ETSI technical report TR 101 854 [75] on fixed radio point-to-point systems, one can find information on typical NF and associated industrial margins (IMF) values across wide range of frequencies. The IMF considers various performance variations of system elements over e.g. temperature extremes, voltage variations, or aging by capturing production spread of RF circuits. 
For the 52.6 – 71 GHz range, the above NF values are in range of 10 – 13 dB.
Table 4.2.5.2-1: Typical Noise Figures (NF) and associated Industrial Margins (IMF)
	Frequency band
(GHz)
	Typical Noise Figure (NF)
(dB)
	Industrial margin (IMF)
(dB)

	48 - 50
	~9
	+3

	52 - 55
	~10
	+3

	71 - 76
	~13
	+4

	81 - 86
	~13
		+4	


NOTE:	The above ETSI originated Industrial Margins (IMF) shall not be confused with the Implementation Margins (IM) used in process of RAN4 conformance requirements derivation.
Referring to the system level evaluation assumptions in annex A, the BS NF was assumed as 7 dB, while UE NF was assumed as 10 dB (13 dB optionally). 
Link level and system level simulation assumptions in annex A are assuming UE mobility (i.e. 3km/h), while the above referred ETRI TR treats about the fixed point-to-point applications. Still one can observe good alignment of NF values among the ETSI TR and those in this 52.6-71 GHz performance evaluation. This can be interpreted that the RF technology to be used for both static and mobile applications in 52.6-71 GHz frequency range will have similar and comparable capabilities, making the ETSI TR 101 854 [75] a valid reference for this technical report. 
4.2.5.3	Co-existence considerations
Co-existence study on NR operation at 45 GHz and 70 GHz frequencies was performed as part of NR study item and is documented in 3GPP TR 38.803 [4]. The co-existence study investigated adjacent channel co-existence in urban macro and indoor scenarios for both UL and DL. As the co-existence study assumptions are still applicable, no new co-existence study was performed. Instead, it was agreed to extract the required ACLR and ACS requirements for both UE and BS based on the earlier study.
[bookmark: _Toc57038824][bookmark: _Toc57038280][bookmark: _Toc57038155][bookmark: _Toc57036040][bookmark: _Toc57035424][bookmark: _Toc56754119]4.2.6	UE aspects

<End of text proposal>
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