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1. Introduction
At the last RAN4 meeting (RAN4#110 in Athens) an LS from ITU-R WP 5D requesting information on IMT parameters relevant for frequency ranges 4400 to 4800 MHz, 7125 to 8400 MHz and 14800 to 15350 MHz was received [1]. In the LS, ITU-R WP 5D is seeking information on terrestrial component IMT-2030 parameters to be used for sharing and compatibility studies in preparation for WRC-27. As an initial response RAN4 responded with an expected delivery plan in a response LS to RAN [2] asking RAN to respond to ITU-R WP 5D. At the following RAN plenary meeting (RAN#103 in Maastricht) a new SI was initiated (FS_NR_IMT_4400_7125_14800MHz). 
At previous RAN4 meeting an overview of current RAN4 status was presented in [3]. This information can be used to plan activities in the new SI to meet the work plan in [2].  
In this contribution we give an overview on information currently available in RAN4 and studies to be conducted to be able to respond to requested information according to previously communicate work plan.
At the end of this contribution a draft LS to ITU-R WP 5D with a workplan and information relevant for 4400 to 4800 MHz is attached as an annex.  

2. Discussion
A SI has been initiated to respond to ITU-R WP 5D with requested information. The goal with the SI is to define sharing studies and compatibility parameters, like previous SI done for frequency ranges 6425 to 7025 MHz, 7025 to 7125 MHz and 10000 to 10500 MHz documented in TR 38.921 [4]. In Rel-16 RAN4 conducted a study to evaluate technology feasibility for the frequency range 7 to 24 GHz. The outcome is captured in TR 38.820 [5].
For passive base station antennas used together with non-AAS BS type 1-C information in M.2292 [9] is provided. From now on the focus is on information relevant for AAS BS type 1-H and BS type 1-O.
WRC-23 agreed a WRC-27 agenda item 1.7 related to IMT (Administrative Circular CA/270). WP 5D is therefore responsible for preparing the characteristics of terrestrial component of IMT for sharing and compatibility studies in the frequency regions listed in Table 2-1.
Table 2-1: Overview  
	Range
	Frequency range
(MHz)

	1
	4400 to 4800

	2
	7125 to 8400

	3
	14800 to 15350



With the LS request to 3GPP RAN4, ITU-R WP 5D expect to receive relevant RF parameters and well as relevant antenna geometry parameters. This time the LS request information related to RF characteristics and antenna characteristics for 3 different frequency ranges and additional information relevant for modelling M-MIMO systems. It is reasonable to believe that IMT BS products will be designed considering different RF characteristics and antenna characteristics for the 3 different frequency ranges.  
Some of the information requested by ITU-R WP 5D can be extracted from previous studies and specifications available in RAN4. For Range 1, all the information is available, and a response LS to ITU-R WP 5D can be provided. It is worth to point out that information relevant for the antenna array geometry previously communicated to ITU-R is relevant for AAS BS operating within the frequency range 1710 to 4990 MHz.  
Unfortunately, all information is not currently available in existing RAN4 technical reports. Therefore, RAN4 need to conduct additional studies with the goal to evaluate technology feasibility aspects for AAS BS operation within the Range 2 and Range 3. 
A fundamental aspect that will have impact on implementation is the size of the antenna required to achieve acceptable network coverage. Assuming similar intercell distance as current deployed networks would indicate that the physical antenna area remains similar as the size used for 3.5 GHz. 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 assumption for Range 1 listed in TR 38.803 with 96 dual polarized elements is considered, the number of elements required for Range 2 and Range 3 would be 384 and 1536, respectively. The large number of antenna elements for Range 2 and Range 3 will put very different design challenges on radio electronics compared with Range 1. 
According to TR 38.820, the BS architecture may support array antennas with sub-array geometries. RAN4 needs to decide on specific details for the antenna characteristics relevant for Range 2 and Range 3.    
In Table 2-2 an overview of currently available information within RAN4 and required studies are listed. 
Table 2-2: Overview  
	Range
	References to previous studies
	Required studies

	1
	RF parameters can be extracted from BS RF core specification TS 38.104 [6].
Antenna parameters can be extracted from TR 38.803, subclause 5.2.3.2.4 [7]. 
	None

	2
	Technology feasibility have been studied in TR 38.820 [5].
RF parameters for 6 and 10 GHz is provided in TR 38.921 [4] and can be used indicative starting point.
	Evaluate relevance of information in TR 38.820 [5] using larger array antenna and TR 38.921 [4]. 
Decide on relevant antenna parameters.

	3
	Technology feasibility have been studied in TR 38.820 [5].
	Evaluate relevance in TR 38.820 [5] using larger array antenna.
Decide on relevant antenna parameters. Based on relevant RF parameters and antenna parameters decide if adjacent channel coexistence evaluation is needed.



The RF technology feasibility evaluation captured in TR 38.820 and corresponding RF parameter study in TR 38.921 assumes a BS array antenna with single element geometry. It is clear that the array size and considered geometry need to be re-considered for Range 2 and Range 3.  
Is shall also be noted that parameters for Range 1 were originally assumed to be based on single element structures. Later the antenna parameters were updated to better reflect real deployments using sub-array structures, as provided by RAN4 in [5].  
When re-evaluating adjacent channel coexistence characteristics for Range 3 not only relevant parameters for BS should be considered, but also relevant UE parameters. 
In addition to RF parameters and antenna parameters, ITU-R asks for information related to description of antenna model parameters, advancements in MIMO architectures, UE simulation assumptions and adjacent band antenna gain roll-off characteristics.
At the last RAN4 meeting, the following work plan [2] was agreed and communicated to RAN. For the three frequency ranges, RAN4 identified the following estimated completion dates for the work:
· 4400 to 4800 MHz		Estimated date for completion: May 2024 (RAN WG4#111)
· 7125 to 8400 MHz		Estimated date for completion: August 2024 (RAN WG4#112)
· 14800 to 15350 MHz	Estimated date for completion: November 2024 (RAN WG4#113)
It should also be noted that even November 2024 is a challenging RAN4 deadline and RAN4 may need more time to complete parameters at 14800 to 15350 MHz.
RAN4 have the mandate to send information according to workplan direct to ITU-R WP 5D and with RAN in CC.

3. Conclusion
In Rel-16, RAN4 studied feasibility of technology for the frequency range 7 to 24 GHz. The finding was captured in TR 38.820 [5].
It can be concluded that information relevant for the frequency range 4400 to 4800 MHz is available in RAN4 and can be provided to ITU-R. The RF characteristics can be extracted from current Rel-18 BS RF core specification [6] and antenna modelling parameters can be extracted from TR 38.803 [7]. A draft LS to RAN is attached at the end of this contribution with parameters applicable for 4400 to 4800 MHz. 
[bookmark: _Hlk157686792]However, for the frequency range 7125 to 8400 MHz and 14800 to 15350 MHz relevant information related to RF parameters and antenna parameters is not available in RAN4. Some indicative information relevant for 7125 to 8400 MHz and 14800 to 15350 MHz can be found in TR 38.820 [5] and TR 38.921 [4]. Therefore, RAN4 needs to discuss what information can be re-used and what information needs to be further looked after. Higher frequencies would drive the size of the array antenna in terms of elements. The size of the antenna will impact many of the RF parameters listed by ITU-R. 
Proposal: Use the draft LS in Annex as starting point for LS on parameters for 4400 to 4800 MHz parameters. 
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1	Overall description
RAN WG4 received the incoming LS from ITU-R Working Party 5D on Parameters of terrestrial component of IMT for sharing and compatibility studies in preparation for WRC-27 (Att. 7.4 to 5D/134) and would like to thank for the opportunity to give input on this topic. 
[bookmark: _Hlk530081091]The bands within 4400 MHz to 4800 MHz is part of what in 3GPP is defined as Frequency Range 1 (FR1) and the 5G RF parameters for the bands are specified in 3GPP specifications TS 38.104 for the BS and TS 38.101-1 for the UE. The recommended IMT technology related parameters are given in Annex 1 of this LS with references to those two specifications. The following should be noted:
· Where AAS and non-AAS limits may be expressed differently, there are separate entries in table 1. AAS limits always apply Over-the-Air (OTA).
· In the BS specification TS 38.104, non-AAS BS are identified as BS Type 1-C, while AAS BS are identified as BS Type 1-H or BS Type 1-O for the bands. 
· Deployment related parameters are documented in ITU-R M.2292.
The recommended IMT antenna characteristics are given in Annex 2 of this LS. The following should be noted:  
· Parameters are interdependent and derived as a package, based on deployment scenarios and other requirements.
· There is no beam forming assumed for the UE in the frequency ranges covered. UEs are therefore not included in the table.
· For fixed beam antennas, antenna parameters in ITU-R M.2292 apply. 

The IMT parameters for the frequency range 4400 to 4800 MHz are attached in Annex 1. For frequency ranges 7125 to 8400 MHz and 14800 to 15350 MHz, RAN WG4 need to study aspects related to coexistence and feasibility before responding to ITU-R WP 5D. 
For the three frequency ranges, RAN WG4 identified the following estimated completion dates for the work:
· 4400 to 4800 MHz	Estimated date for completion: May 2024 (RAN WG4#111)
· 7125 to 8400 MHz	Estimated date for completion: August 2024 (RAN WG4#112)
· 14800 to 15350 MHz	Estimated date for completion: November 2024 (RAN WG4#113)
It should also be noted that November 2024 is a challenging RAN WG4 deadline and RAN WG4 may need more time to complete parameters at 14800 to 15350 MHz. 

2	Actions
To ITU-R WP5D 
ACTION: 	3GPP RAN4 asks ITU-R WP 5D to consider following information:
· The work plan indicating estimated completion dates for the different frequency ranges.
· The information provided for 4400 to 4800 MHz in Annex 1 and Annex 2.

3	Dates of next TSG RAN WG 4 meetings
TSG-RAN4 Meeting #110bis		Changsha, China			15-19 April
TSG-RAN4 Meeting #111		Fukuoka, Japan			20-24 May
TSG-RAN4 Meeting #112		Maastricht, EU				19-23 August
TSG-RAN4 Meeting #112-bis	TBD, China					14-18 October
TSG-RAN4 Meeting #113		Orlando, US					18-22 November

ANNEX 1
[bookmark: _Hlk530081182]IMT technology-related and deployment-related parameters for bands between 4400 and 4800 MHz
Table 1: IMT technology related parameters in 1710 – 4990 MHz
	
	
	IMT 

	No.
	Parameter
	Base station 
(non-AAS)
	Base station
(AAS)
	Mobile station

	1
	Duplex Method
	FDD / TDD
See [1], § 5.2.
	FDD / TDD 
See [2], § 5.2.

	2
	Channel bandwidth (MHz)
	See [1], § 5.3.5.
	See [2], § 5.3.5.

	3
	Signal bandwidth (MHz)
	See [1], § 5.3.2. 
Signal bandwidth = NRB x SCS x 12.
	See [2], § 5.3.2. 
Signal bandwidth = NRB x SCS x 12.

	4
	Transmitter characteristics
	
	

	4.1
	Power dynamic range (dB)
	See [1], § 6.3.3.
	See [2], § 6.2.1 
(UE max output power) and §6.3.1 (UE min output power).

	4.2
	Spectral mask (dB)
	See [1], § 6.6.4.
	See [1], § 9.7.4.
	See [2], § 6.5.2.2.

	4.3
	ACLR 
	See [1], § 6.6.3.
	See [2], § 6.5.2.4.

	4.4
	Spurious emissions
	See [1], § 6.6.4.
	See [2], § 6.5.3.

	4.5
	Maximum output power
	See [1], § 6.2.
	See [1], § 9.3.
	See [2], § 6.2.1.

	
5
	Receiver characteristics
	
	
	

	5.1
	Noise figure (dB)
	5 dB (Wide Area BS)
10 dB (Medium Range BS)
13 dB (Local Area BS)
For BS class definitions, 
see [1], § 4.4
	9 dB

	5.2
	Sensitivity (dBm)
	See [1], § 7.2.2.
	See [1], § 10.3.2.
	See [2], § 7.3.

	5.3
	Blocking response 
	See [1], § 7.5 
and § 7.4.2.
	See [1], § 10.6
and § 10.5.2.
	See [2], § 7.6 
and § 7.7.

	5.4
	ACS 
	See [1], § 7.4.1.
	See [1], § 10.5.1.
	See [2], § 7.5.

	5.5
	SINR operating range (dB)
	See below “SINR operating range and mapping function”


References used in the Table:
[1]	3GPP TS 38.104 v.18.4.0, “NR; Base Station (BS) radio transmission and reception”.
[2]	3GPP TS 38.101-1 v.18.4.0. “NR; User Equipment (UE) radio transmission and reception; Part 1: Range 1 Standalone”



SINR operating range and mapping function
The following equations approximate the throughput over a channel with a given SNIR, when using link adaptation:



Where:	
S(SNIR)	Shannon bound, S(SNIR) =log2(1+SNIR) [bps/Hz]
a		Attenuation factor, representing implementation losses
SNIRMIN  	Minimum SNIR of the code set, dB
SNIRMAX 	Maximum SNIR of the code set, dB

[bookmark: OLE_LINK2][bookmark: OLE_LINK1]The parameters α, SNIRMIN and SNIRMAX can be chosen to represent different modem implementations and link conditions. The parameters proposed in table 2 represent a baseline case, which assumes: 
· 1:1 antenna configurations
· AWGN channel model 
· Link Adaptation (see table 2 for details of the highest and lowest rate codes)
· No HARQ

Table 2: Parameters describing baseline Link Level performance for 5G NR 
	Parameter 
	DL 
	UL 
	Notes 

	α
	0.6 
	0.4 
	Represents implementation losses 

	SNIRMIN, dB 
	-10 
	-10 
	Based on QPSK, 1/8 rate (DL) & 1/5 rate (UL) 

	SNIRMAX, dB 
	30 
	22 
	Based on 256QAM 0.93(DL) & 64QAM 0.93 (UL) 




_____________

ANNEX 2
[bookmark: _Hlk530081261]Antenna characteristics for IMT AAS base stations 


An extended version of the AAS array antenna model is created to support vertical sub-array geometries with fixed sub-array down-tilt. The model equations are summarized in Table 3. 
Table 3: Extended AAS model 
	Description
	Equation

	Peak normalized element radiation pattern
	


	Peak gain normalized element radiation pattern
	

	Sub-array excitation
	

	Sub-array radiation pattern
	
, where


	Array excitation
	
Where M and N is corresponding to (Row × Column) in Table 4, row 1.6.

	Composite array radiation pattern
	
, where

Where M and N is corresponding to (Row × Column) in Table 4, row 1.6.




Considering base stations are optimized for various factors including performance, cost and coverage, it is expected that sub array configurations are relevant for these bands as well as a set of physical antenna elements are combined to form a logical element. The model comprises of a basic element pattern which is then combined appropriately based on the equations to form the sub array pattern and the composite pattern. Since dual polarized elements are used in typical base stations, it is sufficient to model each polarization separately as considered in the specific model. The models are selected so that they are simple and representative to model BS performance with sufficient confidence. The element pattern is based on a simple gaussian beam which has a flat sidelobe level. The Gaussian pattern is sufficiently wide and cover most of the regions of interest, especially in the elevation domain. At high elevation angles, the flat sidelobe level is sufficient to model the side lobes of the antenna element which are significantly lower than the main beam. Thus, the extended antenna model to model sub arrays is sufficient to model the beamforming capability of IMT base stations in considered frequency ranges.





Table 4: Beamforming antenna characteristics for IMT in 1710 to 4990 MHz  
	
	
	Rural
	Macro suburban
	Macro urban
	Small cell outdoor/
Micro urban
	Small cell indoor/
Indoor urban

	1
	Base station Antenna Characteristics

	1.1
	Antenna pattern 
	Table 3
	N/A

	1.2
	Element gain (dBi) (Note 2)
	6.4
	6.4
	6.4
	6.4
	N/A

	1.3
	Horizontal/vertical 3 dB beam width of single element (degree) 
	90º for H
65º for V
	90º for H
65º for V
	90º for H
65º for V
	90º for H
65º for V
	N/A

	1.4
	Horizontal/vertical front‑to‑back ratio (dB)
	30 for both H/V
	30 for both H/V
	30 for both H/V
	30 for both H/V
	N/A

	1.5
	Antenna polarization 
	Linear ±45º
	Linear ±45º
	Linear ±45º
	Linear ±45º
	N/A

	1.6
	Antenna sub-array configuration (Row × Column) 
(Note 4)
	4 × 8 elements
	4 × 8 elements
	4 × 8 elements
	4 × 4 elements
	N/A

	1.7
	Horizontal/Vertical radiating sub-array spacing (Note 5)
	0.5 of wavelength for H, 2.1 of wavelength for V
	0.5 of wavelength for H, 2.1 of wavelength for V
	0.5 of wavelength for H, 2.1 of wavelength for V
	0.5 of wavelength for H, 2.1 of wavelength for V
	N/A

	1.7a
	Number of element rows in sub-array
	3
	3
	3
	3
	N/A

	1.7b
	Vertical element separation in sub-array ()
	0.7 of wavelength of V
	0.7 of wavelength of V
	0.7 of wavelength of V
	0.7 of wavelength of V
	N/A

	1.7c
	Pre-set sub-array down-tilt (degrees) (Note 6)
	3
	3
	3
	3
	N/A

	1.8
	Array Ohmic loss (dB) (Note 2)
	2
	2
	2
	2
	N/A

	1.9
	Total Conducted power (before Ohmic loss) (dBm) (Note 3)
	46
	46
	46
	37
	N/A

	1.10
	Base station horizontal coverage range (degrees)
	+/-60
	+/-60
	+/-60
	+/-60
	N/A

	1.11
	Base station vertical coverage range (degrees) (Note 1)
	90-100
	90-100
	90-100
	90-100
	N/A

	1.12
	Mechanical down-tilt (degrees)
	3
	6
	6
	6
	N/A

	1.13
	Maximum base station output power/sector (e.i.r.p.) (dBm) (Note 7)
	72.2
	72.2
	72.2
	60.2
	N/A



Note 1:	The vertical coverage range is given in global coordinate system, i.e., 90° being at the horizon.
Note 2:	The element gain in row 1.2 includes the loss given in row 1.8 and is per polarization.
Note 3:	The total conducted power is the power sum over all RF branches (E.g., 4x8x2 sub-arrays for rural, sub-urban and urban).
Note 4:	4 × 8 means there are 4 vertical and 8 horizontal radiating sub-arrays. 
Note 5:   For the case of 3 elements per sub array, dv will be 2.1 wavelengths. 
Note 6:	The pre-set sub array down-tilt is a fixed design parameter for a base station. It is envisaged as a passive fixed (non-varying) electrical tilt within the sub-array elements. The deployment configuration (including mechanical tilt) for a base station is dependent on the environment & scenario. Thus, a same base station with fixed pre-set sub array tilt could also be used across different environments, and it is not necessary to vary it across environments. The pre-set tilt is designed such that the maximum gain is typically directed slightly below the cell edge for the specific scenarios assuming a base station is used without additional mechanical tilt.
Note 7:	The maximum base station e.i.r.p per sector is calculated as total power (including power from two orthogonal polarizations).

_____________
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