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1. Introduction
At the last RAN plenary meeting (RAN#103 in Maastricht) a study to establish parameters and information requested by ITU-R WP 5D in previously received LS [1] was initiated. The LS from ITU-R asks for information relevant for IMT systems operating within the following frequency ranges 4400 to 4800 MHz, 7125 to 8400 MHz and 14800 to 15350 MHz. 
At the previous RAN4 meeting (RAN4#110 in Athens) a work plan [2] for delivery of information for respective frequency range was agreed. It was agreed to adopt a phase approach sending information in 3 phases as:
· 4400 to 4800 MHz the estimated date for completion is set to May 2024 (RAN4#111).
· 7125 to 8400 MHz the estimated date for completion is set to August 2024 (RAN4#112).
· 14800 to 15350 MHz the estimated date for completion is set to November 2024 (RAN4#113).
For 4400 to 4800 MHz all information is available in RAN4 technical reports (TR 38.803 [3]) and specifications (TS 38.104 and TS 38.101). For 7125 to 8400 MHz information in TR 38.820 [4] and TR 38.921 [5] can be used in the work to develop a complete set of parameters. For 14800 to 15300 MHz aspects related to feasibility and coexistence needs attention to establish relevant parameters. 
In this contribution we focus the discussion on the frequency range 14800 to 15350 MHz. 

2. Discussion
Previously RAN4 have studied the frequency range between FR1 and FR2 in a study with the objective to evaluate the technology feasibility for the frequency range 7 to 24 GHz. This study was conducted in Rel-16 and the outcome is documented in the technical report TR 38.820 [3]. In the technical report vital information on RF technology characteristics and trends valid for both BS and UE operating within the frequency range 14800 to 15350 MHz is captured. As background information, work done in Rel-17 related to establish information relevant for IMT systems operating within the frequency range 6425 to 7125 MHz and 10000 to 10500 MHz may be relevant. The outcome is captured in TR 38.921 [4] and created the foundation for the LS requesting information relevant for IMT-2020 and IMT-Advanced technologies. 
Observation 1: For some RF parameters some relevant information for 14800 to 15350 MHz can possibly be found in TR 38.820. 
To be able to respond with RF characteristics and antenna characteristics to ITU-R WP 5D, RAN4 needs to establish a full set of parameters. Some parameters can be extracted from previous studies, while other parameters require careful considerations with respect to technology feasibility using larger antenna geometries, aswill be expected for 14800 to 15350 MHz both for BS and UE. 
ITU-R have requested BS parameters for relevant network deployment scenarios. For the frequency range 14800 MHz to 15350 MHz it would be reasonable to consider following network deployment scenarios: Macro suburban, Macro urban, micro urban and indoor. 
Since a coexistence evaluation is required to establish proper requirement levels for UE/BS ACLR and ACS, parameters required for a coexistence evaluation needs to be establish early in the study item phase. As a baseline for discussions, deployment aspects for Urban Macro and Indoor from TR 38.921 [4] for 6 GHz has been added in Annex. 
Proposal 1: Consider network deployment simulation parameters for coexistence evaluation provided in Annex.
In addition, consideration for large antenna arrays for this frequency ranges should be taken to account as during the work for TR 38.820, such antenna topologies were not considered. This is further elaborated in this paper.
Proposal 2: RAN4 needs to establish relevant deployment scenarios for the frequency range 14800 to 15350 MHz.
Considering operation at higher frequencies propagation aspects and assumptions related to the size of the antenna both on BS and UE is vital. Due to the fact that the wavelength is decreasing at high frequencies and that the antenna gain definition is related to a dipole gain, array antenna geometries with many elements are required to achieve coverage. 
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 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. 
Observation 2: The number of BS antenna elements required to achieve antenna gain within 14800 to 15350 MHz will be larger than the one considered before (in the range of 1024 to 2048). 
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. Different sizes of the sub-arrays can be considered for different deployment scenarios. A typical relevant range to consider for a vertical sub-array is in the range 2 to 6 elements. Further study is required to establish relevant antenna parameter sets for different deployment scenarios. 
Proposal 3: Further study is required to establish relevant BS antenna parameters including sub-arrays for 14800 to 15350 MHz. 
Another aspect to consider for this specific frequency range is the array antenna approach. Typically, digital beamforming schemes are used for BS operating within FR1 and analog beamforming is used for BS operating within FR2. For the specific frequency range in between FR1 and FR2 hybrid beamforming schemes can be adopted as a mix of digital and analog beamforming. From a coexistence evaluation perspective, the antenna model can be used for all cases, while different parameters may need to be considered. 
For the UE a larger antenna in terms of antenna elements is required to compensate for the antenna shrinking as consequence of higher frequency. A reasonable size of array on the UE side is a dual polarized 2x2 rectangular array with 0.5l element separation. The UE orientation is randomly distributed uniformly between -90 to 90 degrees in the azimuth domain and fixed elevation set to 90 degrees in the vertical domain. This is done to emulate two panels. The configuration is equivalent to 2 panels with 180 degrees shift in horizontal orientation and UE orientation uniformly distributed in the azimuth domain between -180 and 180 degrees.
Proposal 4: For the UE, consider 2 antenna panels where each panel is constituted by a 2x2 rectangular array antenna with 0.5l element separation.
Technology feasibility has been studied in TR 38.820 [3]. Evaluate relevance in TR 38.820 [3] 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. When re-evaluating adjacent channel coexistence characteristics for 14800 to 15350 MHz not only relevant parameters for BS should be considered, but also relevant UE parameters. It would be reasonable to consider directional UE antenna characteristics rather than omnidirectional.





3. Conclusion
In this contribution we summarize previous studies relevant for the frequency range 14800 to 15350 MHz. Based on the information we observed following aspects:
Observation 1: For some RF parameters some relevant information for 14800 to 15350 MHz can possibly be found in TR 38.820. 
Observation 2: The number of BS antenna elements required to achieve antenna gain within 14800 to 15350 MHz will be larger than considered before (in the range of 1024 to 2048). 
To progress the work to establish relevant parameters for 14800 to 15350 MHz we suggest following proposals:  
Proposal 1: Consider network deployment simulation parameters for coexistence evaluation provided in Annex.
Proposal 2: RAN4 need to establish relevant deployment scenarios for the frequency range 14800 to 15350 MHz.
Proposal 3: Further study is required to establish relevant BS antenna parameters including sub-arrays for 14800 to 15350 MHz. 
Proposal 4: For the UE consider 2 antenna panels where each panel is constituted by a 2x2 rectangular array antenna with 0.5l element separation.
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ANNEX

1 Co-existence simulation scenarios
Table 1-1: Co-existence simulation scenarios considered for 14800 to 15350 MHz
	No.
	Usage scenario
	Aggressor
	Victim
	Direction
	Simulation frequency
	Deployment Scenario

	1
	eMBB
	NR, 100MHz
	NR, 100MHz
	DL to DL
	15 GHz
	Urban macro

	2
	eMBB
	NR, 100MHz
	NR, 100MHz
	DL to DL
	15 GHz
	Indoor

	3
	eMBB
	NR, 100MHz
	NR, 100MHz
	UL to UL
	15 GHz
	Urban macro

	4
	eMBB
	NR, 100MHz
	NR, 100MHz
	UL to UL
	15 GHz
	Indoor




2 Simulation Parameters
2. 1 Urban Macro

Table 2.1-1: Single operator layout for urban macro
	Parameters
	Values
	Remark

	Network layout
	hexagonal grid, 19 macro sites, 3 sectors per site with wrap around
	 

	Inter-site distance
	0.45 km (urban)
0.9 km (suburban)
	Based on cell range:
0.3 km (urban)
0.6 km (suburban)

	BS antenna height
	20 m (urban)
25 m (suburban)
	 

	UE location
	Outdoor/indoor
	Outdoor and indoor
	 

	
	Indoor UE ratio
	20%
	

	
	Low/high penetration loss ratio
	50% low loss, 50% high loss
	 

	
	LOS/NLOS
	LOS and NLOS
	

	
	UE antenna height
	Same as 3D-Uma in TR 36.873
	 

	UE distribution (horizontal)
	Uniform
	 

	Minimum BS – UE distance (2D)
	35 m
	 

	Channel model
	Uma
	

	Shadowing correlation
	Between cells: 1.0
Between sites: 0.5
	 



Table 2.1-2: Multi operators layout for urban macro
	Parameters
	Values

	Multi operators layout
	coordinated operation (0% Grid Shift) and un-coordinated operation (100% Grid Shift)



[image: zero grade shift macro]
Figure 2.1-1: Coordinated operation: each network with co-location of sites

[image: cell_layout2]
Figure 2.1-2: Uncoordinated operation: second network’s sites are located at the first network’s cell edge





2.2 Indoor

Table 2.2-1: Single operator layout for indoor
	Parameters
	Values
	Remark

	Network layout
	50 m x 120 m, 12 BSs
	 

	Inter-site distance
	20m
	 

	BS antenna height
	3 m
	ceiling

	UE location
	Outdoor/indoor
	Indoor
	 

	
	LOS/NLOS
	LOS and NLOS
	

	
	UE antenna height
	1 m
	

	UE distribution (horizontal)
	Uniform
	 

	Minimum BS - UE distance (2D)
	0 m
	 

	Channel model
	Indoor Office
	

	Shadowing correlation
	NA
	 



[image: ]
Figure 2.2-1: Network layout for indoor

Table 2.2-2: Multi operators layout for indoor
	Parameters
	Values
	Remark

	Multi operator layout
	Coordinated operation (0% Grid Shift)
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