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1	Introduction
ITU-R WP5D sent a LS [1] to 3GPP RAN seeking information on terrestrial component IMT-2030 parameters to be used for sharing and compatibility studies in preparation for WRC-27, for frequency ranges 4400 to 4800 MHz, 7125 to 8400 MHz, and 14800 to 15350 MHz.
In the previous 3GPP RAN4#110-bis meeting, the Work Plan [2] for delivery of information to ITU-R LS for those respective frequency ranges was agreed, following a phase approach to send information in 3 phases as below - 
· Track 1: 4400 to 4800 MHz, the estimated date for completion is latest by May 2024 (RAN4#111).
· Track 2: 7125 to 8400 MHz, the estimated date for completion is latest by August 2024 (RAN4#112).
· Track 3: 14800 to 15350 MHz, the estimated date for completion is latest by November 2024 (RAN4#113).
WF [3] captured initial discussions and available options for BS-UE antenna characteristics. However, no agreements were made due to limited time slots.
In this contribution, we provide information about relevant BS-UE antenna and deployment parameters applicable for 14800 to 15350 MHz frequency range.
[bookmark: _Ref178064866]2	Discussion

RAN4 in Release-16 studied the technology feasibility for the frequency range 7 to 24 GHz, which is documented in the technical report TR 38.820 [4]. The technical report captured useful information on BS- UE RF characteristics and trends, also valid for the frequency range 14800 to 15350 MHz. In Release-17, another relevant IMT systems sharing and compatibility studies for 6425 to 7125 MHz and 10000 to 10500 MHz was documented in TR 38.921 [5] that created the foundation for the LS requesting information relevant for IMT-2020 and IMT-Advanced technologies.
ITU-R WP5D seeks relevant BS-UE RF parameters and antenna characteristics for 14800 to 15350 MHz as per the templates shared in LS [1]. To be able to respond with the relevant information, RAN4 needs to establish a full set of parameters. Some parameters can be extracted from previous studies, while some parameters require careful considerations with respect to technology feasibility using larger antenna geometries for both BS and UE.

[bookmark: _Toc166513144]Some relevant information for the BS-UE parameters can be found in previous studies – TR 38.820 and TR 38.921 which can be considered as starting point.
2.1 Common Parameters for 14800 – 15350 MHz
Duplex method
In the TR 38.921, TDD was considered as baseline for the study. The same TDD duplexing method can be assumed for this frequency range.
To avoid confusion in ITU-R WP5D and due to time constraints, we propose not to mention SBFD (as requirements are still being agreed) in the LS reply. However, SBFD adoption can be considered and captured in the TR 38.922 for this frequency range.
[bookmark: _Toc166513145]To avoid confusion, SBFD should be mentioned in the LS reply to ITU-R as specifications are not available yet. However, SBFD adoption can be considered and captured in TR 38.922 for this frequency range.
[bookmark: _Toc166513153]RAN4 to consider TDD duplexing method as baseline.

Channel Bandwidth
As per the TR 38.921, 100 MHz was considered as the representative channel bandwidth for the 6.425-7.025 GHz, 7.025-7.125 GHz, and 10.0-10.5 GHz study. With a higher frequency, the de-facto approach is to enable a wider channel bandwidth.
We propose to use 100 MHz as a baseline and further discuss the feasibility of higher channel bandwidth. 
[bookmark: _Toc166495648][bookmark: _Toc166513154]RAN4 to consider 100 MHz as a baseline and further discuss the feasibility of higher channel bandwidth.
2.2	BS parameters
2.2.1	BS antenna configuration
Higher propagation losses at higher frequencies are expected, so large number of arrays with many elements are required to meet the coverage requirements. 
A fundamental aspect to further consider is the size of the antenna for a given deployment scenario. As an example, a common situation is that network operators want to re-use the network site grid used for already adopted frequency bands (e.g., 3.5 GHz) also for higher frequencies. This would consequently lead to array antennas architecture where the number of elements scale a factor 4 every time the frequency is doubled. If parameter assumptions for 4400 to 4800 MHz listed in TR 38.803 [6] with 96 dual- polarized elements is considered, the number of elements required for 7125 to 8400 MHz and 14800 to 15350 MHz would be 384 and 1536, respectively. The large number of antenna elements for 7125 to 8400 MHz and 14800 to 15350 MHz will put very different design challenges radio electronics compared with 4400 to 4800 MHz. 

[bookmark: _Toc166513146]The number of BS antenna elements required to achieve suitable antenna gain within 14800 to 15350 MHz will be larger than the one considered before (in the range of 1024 to 2048 antenna elements).

With a large number of antenna elements different approaches can be adopted to minimize the number of transceiver branches. Sub-array structures in the Radio Distribution Network (RDN) can be used to minimize the number of transceiver chains. The exact details to a specific sub-array structure depends on the deployment scenario and where UEs are located within the coverage area. UEs mostly distributed in the horizontal domain allows for vertical sub-arrays limiting the steering ability in the vertical domain. 
Considering a BS that is intended for wide area deployments in an urban environment, where the steering range in the vertical domain is enlarged due to the fact that UEs are spread out in both vertical and horizontal plane, the vertical range of interest is typically in the range of 90 to 120 degrees.
Different sizes of the sub-arrays can be considered for different deployment scenarios.

[bookmark: _Toc166513147]It is reasonable to assume that different sub-array geometries will be used to meet the coverage requirements for different deployment scenarios.

When defining the antenna configuration, design and deployment challenges should be considered, but also feasibility issues, in terms e.g., of feasible power levels per branch, and coexistence issues with incumbents in the band. 

[bookmark: _Toc166513148]When defining the antenna configuration, 1) design, 2) deployment challenges, 3) feasibility, and 4) coexistence issues with incumbents in the band should be considered.


Considering the above discussions, following antenna architectures can be considered as shown in Table 2.2.1-1
Table 2.2.1-1: BS antenna architecture 
	Antenna architecture
	AE
	array
	SA
	TR

	Option (1)
	1024
	4x32
	4x1
	256

	Option (2)
	1024
	8x16
	4x1
	256

	Option (3)
	1536
	4x32
	6x1
	256

	Option (4)
	1536
	8x16
	6x1
	256

	Option (5)
	2048
	8x32
	6x1
	512



A feasibility analysis should be conducted to evaluate a feasible power level per branch, which then determines the peak EIRP and the coverage provided by the deployment, and coexistence issues. Coexistence issues should also be considered when selecting the BS sub-array architecture.
Except for the definition of array and sub-array structures, the Table 2.1.1-1 from TR 38.803 can be considered as starting point and further agreements can be captured as per the table provided. 


Table 2.2.1-2: BS array antenna parameters 
	Parameter
	Macro suburban
	Macro urban

	Element gain (dBi) (Note 2)
	6.4
	6.4

	Horizontal/vertical 3 dB beam width of single element (degree) 
	90º for H
65º for V
	90º for H
65º for V

	Horizontal/vertical front‑to‑back ratio (dB)
	30 for both H/V
	30 for both H/V

	Antenna polarization 
	Linear ±45º
	Linear ±45º

	Horizontal/Vertical radiating sub-array spacing 
	0.5 of wavelength for H, 2.1 of wavelength for V
	0.5 of wavelength for H, 2.1 of wavelength for V

	Vertical element separation in sub-array ()
	0.7 of wavelength of V
	0.7 of wavelength of V

	Pre-set sub-array down-tilt (degrees)
	3
	3

	Array Ohmic loss (dB) (Note 2)
	2
	2

	Conducted power (before Ohmic loss) per sub-array (dBm) (Note 3) 
	28
	28

	Base station horizontal coverage range (degrees)
	+/-60
	+/-60

	Base station vertical coverage range (degrees) (Note 1)
	90-100
	90-100

	Mechanical down-tilt (degrees) 
	6
	6 

	Note 1: The vertical coverage range is given for the elevation angle θ, defined between 0° and 180°.
Note 2: The element gain includes the loss and is per polarization.




[bookmark: _Toc166513155]RAN4 to consider feasibility of the proposed BS array and sub-array antenna architectures as starting point and discuss other relevant parameters as per the BS array antenna parameters Table 2.2.1-2 from TR 38.803.

2.2.2	Transmitter characteristics
2.2.2.1 	Power dynamic range
The power dynamic range requirement includes RE power dynamic range and total power dynamic range for BS. Keeping co-existence simulation study in perspective, BS is always in full RB transmission mode. It depends on whether power control is allowed for DL transmission. As we know for NR, there is no power control in DL so the power is allocated on average to the number of RBs. Hence, we propose for 0 dB value for this parameter. 
[bookmark: _Toc166513156]RAN4 to agree on 0 dB as power dynamic range.
2.2.2.2 	Spectral mask
The spectral mask should be further discussed once ACLR is agreed based on system simulation results.
2.2.2.3 	Spurious emissions
For spurious emissions use limits in TR 38.921 for 10 to 10.5 GHz as baseline. According to ERC 74-01 report the upper frequency limit could be defined as 2nd harmonic. 
Table 2.2.2.3-1: BS spurious emission limits for 14800 to 15350 MHz for Category A
	Frequency range
	Limit
	Measurement Bandwidth
	Note

	30 MHz – 1 GHz
	-13 dBm
	100 kHz
	Note 1

	1 GHz – 2nd harmonic of the upper frequency edge of the DL operating band
	
	1 MHz
	Note 1, Note 2

	NOTE 1:	Bandwidth as in ITU-R SM.329, s4.1
NOTE 2:	Upper frequency as in ITU-R SM.329, s2.5 table 1.



Table 2.2.2.3-2: BS spurious emission limits for 14800 to 15350 MHz for Category B
	Spurious frequency range
	Limit
	Measurement bandwidth

	30 MHz – 1 GHz
	-36 dBm
	100 kHz

	1 GHz – 18 GHz
	-30 dBm

	1 MHz

	18 GHz – 2nd harmonic of the upper frequency edge of the DL operating band
	-20 dBm
	10 MHz



[bookmark: _Toc166513157]RAN4 to consider BS spurious emission limits in Table 2.2.3-1 and 2.2.3-2 as baseline for initial discussions.

2.2.2.4 	Maximum output power and Average output power
There does not seem to be any difference between the two parameters, as Maximum output power is already an average power. 
There is no upper limit specified for Wide Area Base Station, this shall be declared by the manufacturer. However, the BS maximum output power should be aligned with the antenna characteristics.
For BS operating within FR1 the maximum TRP output power values (specified in TS 38.104 [7]) for Medium Range and Local Area BS are:
· Medium Range: 47 dBm
· Local area: 33 dBm
[bookmark: _Toc166513149]For Medium Range BS, 47 dBm is the level used as maximum output power. From a feasibility perspective, this level is not easy to achieve for MR type antenna sizes. Further study is required.

For BS operating within FR2 there are no TRP differentiation between BS classes.
For the frequency range 14800 to 15350 MHz further study is required before deciding on the need for differentiating TRP maximum power level between BS classes.
[bookmark: _Toc166513150]RAN4 to further decide the need for differentiating TRP output power level based on BS classes for BS operating within FR2. 

For co-existence simulation, we recommend using 43 dBm/ 100 MHz per polarization.

2.2.3	Receiver characteristics
2.2.3.1 	Noise Figure
Based on information in TR 38.820 and TR 38.921 the noise figure values in Table 2.2.3.1-1 can be considered. 
Table 2.2.3.1-1: Typical noise figure values relevant for 14800 to 15350 MHz
	BS class
	Noise figure (dB)

	Wide Area
	8

	Medium Range
	13

	Local Area
	16



[bookmark: _Toc166513158]RAN4 to consider BS NF as 8 dB for WA BS, 13 dB for MR BS and 16 dB for LA BS respectively based on information in TR 38.820 and TR 38.921. 
2.2.3.2 	Sensitivity
In the TR 38.921, it has been specified that sensitivity is not a critical parameter for sharing and compatibility studies and “to be specified” in the previous LS sent for 6.425-7.025 GHz, 7.025-7.125 GHz and 10.0-10.5 GHz.
The sensitivity requirement is calculated based on NF and antenna gain, as per below - 

Where: 
-	BW is the configured bandwidth of the FRC, 
-	NF is the noise figure, 
-	IM is implementation margin not related to antenna array, 
-	SNR is the required SNR to reach 95% throughput, and 
-	G is the antenna gain including RF losses and 3dB off peak margin.
The sensitivity limits can be further discussed based on the agreements of BS NF and Antenna model, if should be agreed to mention any value for this parameter.

[bookmark: _Toc166513151]In the TR 38.921, it has been specified that sensitivity is not a critical parameter for sharing and compatibility studies and “to be specified” in the previous LS sent for 6.425-7.025 GHz, 7.025-7.125 GHz and 10.0-10.5 GHz.
[bookmark: _Toc166513159]RAN4 to further discuss based on the agreements of BS NF and Antenna model, if should be agreed to mention any value for this parameter.
2.3	UE parameters
2.3.1	UE antenna configuration
For the UE antenna configuration, an FR2 like model, with 2 panels and 2x2 antennas per panel would be the preferred option, as a larger antenna in terms of antenna elements would be needed to compensate for the size of antenna shrinking due to higher frequency. A reference for the antenna element model is from Table 5.2.3.3-1 from TR 38.803 and shown in Table 2.3.1-1.
The impact of UE beamforming should be explored for deriving BS – UE ACLR and ACS values, due to higher UE directivity, better conditions for co-existence and increased received signal power. At the same time, a balance needs to be thought of to address the UE antenna design and cost challenges.
For the FR1 like model, more details should be agreed on the link level model to include more than 1 Tx/Rx, which is discussed in our companion contribution [9].

[bookmark: _Toc166513160]RAN4 to consider UE beamforming antenna configuration of 2 panels, where each panel consists of a 2x2 rectangular array antenna.
Table 2.3.1-1: UE antenna element pattern
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
	


	Antenna element horizontal radiation pattern (dB)
	



	Combining method for 3D antenna element pattern (dB)
	


	Maximum directional gain of an antenna element GE,max
	5.5 dBi

	(Mg, Ng, M, N, P) 
	 (1, 1, 2, 2, 2)

	(dv, dh)
	(0.5λ, 0.5λ)

	UE orientation
	Random orientation in the azimuth domain: uniformly distributed between -90 and 90 degrees*
Fixed elevation: 90 degrees

	NOTE:	This is done to emulate two panels: the configuration is equivalent to 2 panels with 180 shift in horizontal orientation and UE orientation uniformly distributed in the azimuth domain between -180 and 180 degrees.




2.3.2	Transmitter characteristics
2.3.2.1 	Power dynamic range
For the UE in sharing and compatibility studies, power dynamic range sets the range for Transmitter control output power. In TR 38.921, PC3 UEs were assumed for 6.425-7.025 GHz, 7.025-7.125 GHz, and 10.0-10.5 GHz study. From TS 38.101-1 [8], PC3 UEs have 23 dBm as Maximum output power and -33 dBm for 100 MHz Channel BW, therefore UE power dynamic range of 56 dB for 100 MHz can be considered as starting point. 

2.3.2.2 	Spectral mask
The spectral mask should be further discussed once ACLR is agreed based on system simulation results.

2.3.2.3 	Spurious Emissions
From TS 38.101-1 [8], the general spurious can be defined as per clause 6.5.3.1 for this frequency range.
-	1 GHz ≤ f ≤ 26 GHz: - 30 dBm / 1 MHz

[bookmark: _Toc166513161]RAN4 to consider UE spurious emission limits from TS 38.101-1, - 30 dBm / 1 MHz as baseline for initial discussions.
2.3.2.4 	Maximum output power
The UE maximum output power can be considered as 23 dBm as a starting point. Several other studies have been carried out for adoption of High power UEs, where the problem of UL coverage can be solved for these frequency ranges. 
[bookmark: _Toc166513152]High power UEs adoption can be further studied to solve the problem of UL coverage for these frequency ranges.
[bookmark: _Toc166513162]RAN4 to consider as 23 dBm UE maximum output power as starting point.

2.3.3	Receiver characteristics
2.3.3.1 	Noise Figure
From TR 38.820, subclause 5.5.1.3.3 a system noise figure of 10 dB can be considered for the frequency range 14800 to 15350 MHz.
[bookmark: _Toc166513163]RAN4 to consider UE NF as 8 dB based on information in TR 38.820.

2.3.3.2 	Sensitivity
As per our proposal for BS Sensitivity, the UE sensitivity limits could be further discussed based on the agreements of UE NF and Antenna model, if should be agreed to mention any value for this parameter.
[bookmark: _Toc166513164]RAN4 to further discuss based on the agreements of UE NF and Antenna model, if should be agreed to mention any value for this parameter.
Conclusion
In the previous sections we made the following observations: 
Observation 1	Some relevant information for the BS-UE parameters can be found in previous studies – TR 38.820 and TR 38.921 which can be considered as starting point.
Observation 2	To avoid confusion, SBFD should be mentioned in the LS reply to ITU-R as specifications are not available yet. However, SBFD adoption can be considered and captured in TR 38.922 for this frequency range.
Observation 3	The number of BS antenna elements required to achieve suitable antenna gain within 14800 to 15350 MHz will be larger than the one considered before (in the range of 1024 to 2048 antenna elements).
Observation 4	It is reasonable to assume that different sub-array geometries will be used to meet the coverage requirements for different deployment scenarios.
Observation 5	When defining the antenna configuration, 1) design, 2) deployment challenges, 3) feasibility, and 4) coexistence issues with incumbents in the band should be considered.
Observation 6	For Medium Range BS, 47 dBm is the level used as maximum output power. From a feasibility perspective, this level is not easy to achieve for MR type antenna sizes. Further study is required.
Observation 7	RAN4 to further decide the need for differentiating TRP output power level based on BS classes for BS operating within FR2.
Observation 8	In the TR 38.921, it has been specified that sensitivity is not a critical parameter for sharing and compatibility studies and “to be specified” in the previous LS sent for 6.425-7.025 GHz, 7.025-7.125 GHz and 10.0-10.5 GHz.
Observation 9	High power UEs adoption can be further studied to solve the problem of UL coverage for these frequency ranges.


Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN4 to consider TDD duplexing method as baseline.
Proposal 2	RAN4 to consider 100 MHz as a baseline and further discuss the feasibility of higher channel bandwidth.
Proposal 3	RAN4 to consider feasibility of the proposed BS array and sub-array antenna architectures as starting point and discuss other relevant parameters as per the BS array antenna parameters Table 2.2.1-2 from TR 38.803.
Proposal 4	RAN4 to agree on 0 dB as power dynamic range.
Proposal 5	RAN4 to consider BS spurious emission limits in Table 2.2.3-1 and 2.2.3-2 as baseline for initial discussions.
Proposal 6	RAN4 to consider BS NF as 8 dB for WA BS, 13 dB for MR BS and 16 dB for LA BS respectively based on information in TR 38.820 and TR 38.921.
Proposal 7	RAN4 to further discuss based on the agreements of BS NF and Antenna model, if should be agreed to mention any value for this parameter.
Proposal 8	RAN4 to consider UE beamforming antenna configuration of 2 panels, where each panel consists of a 2x2 rectangular array antenna.
Proposal 9	RAN4 to consider UE spurious emission limits from TS 38.101-1, - 30 dBm / 1 MHz as baseline for initial discussions.
Proposal 10	RAN4 to consider as 23 dBm UE maximum output power as starting point.
Proposal 11	RAN4 to consider UE NF as 8 dB based on information in TR 38.820.
Proposal 12	RAN4 to further discuss based on the agreements of UE NF and Antenna model, if should be agreed to mention any value for this parameter.
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