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1. Introduction
The 2023 World Radio Communication Conference (WRC-23, 20 November to 15 December 2023) approved agenda item 1.7 for the 2027 World Radio Communication Conference (WRC-27, Administrative Circular CA/270). ITU-R Working Party (WP) 5D is invited to conduct and compare the sharing and compatibility studies to ensure the protection of services to which the frequency band is allocated on a primary basis for the frequencies:
–	4400 – 4800 MHz;
–	7125 – 8400 MHz; and
–	14.8 – 15.35 GHz.
ITU-R WP5D sent an LS [1] to RAN4 asking for technical parameters. RAN #103 approved a SI [2] to prepare the requested technical parameters for ITU. We raised a concern in the RAN4 #110bis meeting whether macro deployment in the 7 and 15 GHz bands has sufficient coverage due to the high frequency and consequential high propagation losses [3]. In the RAN4 110bis meeting in Changsha, whether to include urban macro and sub-urban macro was discussed in an ad-hoc meeting [4] and [5], and the way forward was “Include urban and sub-urban macro, but double check coverage.” In this contribution, the simulation method and results will be presented for macro coverage estimation, along with some other considerations.
2. Discussion
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Figure 1. Spectrum allocation in the 7125 – 8400 MHz band in the USA.
The 7125 – 8400 MHz band is currently licensed to national mission-critical links. The FCC spectrum allocation is shown in Figure 1. This band is mainly occupied by military radar, satellites including both geostationary orbit (GSO) and non-GSO (NGSO), fixed service (FS), and earth exploration service (EES). Similarly, a large portion of this band is occupied in many European countries by NATO links. Therefore, it is not feasible to clear this band for public mobile networks (e.g., IMT-2030 or 6G), instead, this 7125 – 8400 MHz band will need to be shared. A set of low-power assumptions could make sharing more feasible and a larger portion of the band more available.
Proposal 1: The 7125 – 8400 MHz band is currently licensed to national mission-critical links. It is not feasible to clear this band for public mobile networks (e.g., IMT-2030 or 6G) in many markets, instead, this 7125 – 8400 MHz band will need to be shared. A set of low-power assumptions could make sharing more feasible and a larger portion of the band more available, such as using power class 5 (PC5) for UE. 
The 7125 – 8400 MHz band will likely be considered by operators as microcells or femtocells. Outdoor pole-mount or strand-mount micro small-cell BSs and indoor BSs typically use non-AAS or a small-size array due to the cost and physical dimension limitations. Non-AAS parameters are of interest for the 7125 – 8400 MHz band.
Proposal 2: Non-AAS with omnidirectional BS antenna and small array sizes (e.g., 2×2, 2×4, or 4×4) parameters are of interest for the 7125 – 8400 MHz band for medium-range and local-area microcells.
High-power macro-cells are supposed to provide good coverage (e.g., over 95% of the area). Higher frequency signals have larger path loss, outdoor-to-indoor (O2I) loss, terrain loss, clutter attenuation, etc. Higher frequency signals typically have few multipath components. The propagation conditions are more challenging at higher frequencies. Macro-cell deployment in the 7125 – 8400 and 14800 – 15350 MHz bands may not be feasible. RAN4 will need to study the feasibility.
Proposal 3: Macro-cell deployment in the 7125 – 8400 MHz band may not be feasible due to large losses in these high frequencies. RAN4 will need to study the feasibility of: (1) what is the coverage with a 500 m UMa ISD? And (2) what is the maximum urban macro (UMa) inter-site distance (ISD) to achieve 95% coverage (> -10 dB SINR) in both DL and UL?
3. Macro deployment feasibility study in the 7-GHz band
A. Method 1: Monte Carlo simulation for coverage area with a constant ISD
The simulation is based on the most recent RAN4 coexistence study TR 38.858. The duplex mode is synchronized TDD. The co-channel interference (CCI) from intra-network neighbor cells is aggregated. No adjacent-channel interference (ACI) is considered. Key assumptions and steps are listed below:
1. 19-site grid with wrap-around, three sectors per site.
2. Center frequency 7.7625 GHz (in the middle of the band) compared with 4 GHz, channel bandwidth 100 MHz.
3. 500 m UMa ISD, 23 dBm UE power, 46 dBm BS power, and multiple BS antenna array sizes are compared.
4. One UE per cell with a uniformly distributed random location. 80% probability outdoor and 20% indoor. 100% network load.
5. LOS probability, path loss, and O2I loss follow TR 38.858, 80% low O2I loss, and 20% high O2I loss.
6. Calculate SINR in both DL and UL that aggregated co-channel interference (CCI).
7. Calculate the percentage of the covered area with > -10 dB SINR with a certain ISD.
Both the DL and UL coverage results with multiple BS antenna array sizes and a constant ISD of 500 m in the 7125 – 8400 MHz band are listed in Table I. The corresponding results at 4 GHz mid-band are presented in Table II for comparison. The DL coverage is always better than the UL coverage. A 4×8 BS array at 4 GHz achieves 94.8% UL coverage, which basically meets the 95% requirement. To achieve a similar 95% UL coverage, the 7125 – 8400 MHz band will need an 8×16 BS array to compensate for the larger propagation losses due to high frequency. Note that the macro BS noise figure is 6 dB in the 7 GHz band and 5 dB at 4 GHz, and the UE noise figure is 10 dB in the 7 GHz band and 9 dB at 4 GHz
Observation 1: The 7125-8400 MHz band has large path loss and outdoor-to-indoor loss due to high frequency. The UL coverage cannot achieve 95% with a 500 m ISD and 4×8 or 8×8 BS antenna array. This band will require a large 8×16 or 16×16 BS array to maintain a 95% UL coverage.
Table I. The 7125 – 8400 MHz band coverage with 500 m ISD.
	Frequency 
	BS array size
	BS gain (dBi)
	BS conducted power (dBm)
	EIRP (dBm)
	ISD (m)
	DL coverage
	UL coverage

	7.7625 GHz
	4×8
	20
	46
	66
	500
	98.79%
	91.67%

	
	8×8
	23
	46
	69
	500
	99.21%
	93.17%

	
	8×16
	26
	46
	72
	500
	99.43%
	94.86%

	
	16×16
	29
	46
	75
	500
	99.74%
	96.38%



Table II. Coverage with 500 m ISD at 4 GHz.
	 
	BS array size
	BS gain (dBi)
	BS conducted power (dBm)
	EIRP (dBm)
	ISD (m)
	DL coverage
	UL coverage

	4 GHz
	4×8
	20
	46
	66
	500
	99.51%
	94.77%

	
	8×8
	23
	46
	69
	500
	99.71%
	96.10%


B. Method 2: Monte Carlo simulation for max ISD achieving 95% UL coverage
Based on Method 1 described in Section 3.B, Method 2 changes ISD to achieve a constant 95% UL coverage. The ISD is further converted to the area of the hexagon to estimate the cell coverage area reduction compared to a 500 m ISD being used at 4 GHz. The results are provided in Table III.
Observation 2: The 7125 – 8400 MHz band has large path loss and outdoor-to-indoor loss due to high frequency. The UL coverage at 4 GHz achieves almost 95% with a 500 m ISD and 4×8 BS antenna array. The 7125 – 8400 MHz band will need to reduce the ISD to 325 m (58% coverage area reduction) to maintain 95% UL coverage with a 4×8 BS antenna array, reduce the ISD to 400 m (36% coverage area reduction) to maintain 95% UL coverage with an 8×8 BS antenna array.

Table III. The max ISD in the 7125 – 8400 MHz band achieves 95% UL coverage.
	 
	BS array size
	BS gain (dBi)
	BS conducted power (dBm)
	EIRP (dBm)
	ISD (m)
	Hexagon area (m2)
	Coverage area reduction
	DL coverage
	UL coverage

	7.7625 GHz
	4×8
	20
	46
	66
	500
	649,519
	0.0%
	98.79%
	91.67%

	
	
	
	
	
	400
	415,692
	36.0%
	99.18%
	93.68%

	
	
	
	
	
	350
	318,264
	51.0%
	99.39%
	94.19%

	
	
	
	
	
	325
	274,422
	57.8%
	99.41%
	94.84%

	
	
	
	
	
	320
	266,043
	59.0%
	99.63%
	95.23%

	
	
	
	
	
	300
	233,827
	64.0%
	99.50%
	95.37%

	
	8×8
	23
	46
	69
	500
	649,519
	0.0%
	99.07%
	92.71%

	
	
	
	
	
	400
	415,692
	36.0%
	99.49%
	94.85%

	
	
	
	
	
	380
	375,162
	42.2%
	99.55%
	95.19%

	
	
	
	
	
	350
	318,264
	51.0%
	99.62%
	95.77%

	
	
	
	
	
	300
	233,827
	64.0%
	99.67%
	96.50%

	
	8×16
	26
	46
	72
	500
	649,519
	0.0%
	99.43%
	94.86%

	
	
	
	
	
	400
	415,692
	36.0%
	99.66%
	96.21%

	
	16×16
	29
	46
	75
	500
	649,519
	0.0%
	99.74%
	96.38%

	
	
	
	
	
	400
	415,692
	36.0%
	99.69%
	96.13%



4. Conclusions
In this contribution, terrestrial IMT parameters for the new candidate IMT operation band from 7125 – 8400 MHz are discussed with the following proposals and observations.
Proposal 1: The 7125 – 8400 MHz band is currently licensed to national mission-critical links. It is not feasible to clear this band for public mobile networks (e.g., IMT-2030 or 6G) in many markets, instead, this 7125 – 8400 MHz band will need to be shared. A set of low-power assumptions could make sharing more feasible and a larger portion of the band more available, such as using power class 5 (PC5) for UE. 
Proposal 2: Non-AAS with omnidirectional BS antenna and small array sizes (e.g., 2×2, 2×4, or 4×4) parameters are of interest for the 7125 – 8400 MHz band for medium-range and local-area microcells.
Proposal 3: Macro-cell deployment in the 7125 – 8400 MHz band may not be feasible due to large losses in these high frequencies. RAN4 will need to study the feasibility of: (1) what is the coverage with a 500 m UMa ISD? And (2) what is the maximum urban macro (UMa) inter-site distance (ISD) to achieve 95% coverage (> -10 dB SINR) in both DL and UL?
Observation 1: The 7125-8400 MHz band has large path loss and outdoor-to-indoor loss due to high frequency. The UL coverage cannot achieve 95% with a 500 m ISD and 4×8 or 8×8 BS antenna array. This band will require a large 8×16 or 16×16 BS array to maintain a 95% UL coverage.
Observation 2: The 7125 – 8400 MHz band has large path loss and outdoor-to-indoor loss due to high frequency. The UL coverage at 4 GHz achieves almost 95% with a 500 m ISD and 4×8 BS antenna array. The 7125 – 8400 MHz band will need to reduce the ISD to 325 m (58% coverage area reduction) to maintain 95% UL coverage with a 4×8 BS antenna array, reduce the ISD to 400 m (36% coverage area reduction) to maintain 95% UL coverage with an 8×8 BS antenna array.
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