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Introduction 
[bookmark: OLE_LINK1]With the anticipation that 6G studies could commence in the Release 20 timeframe, it is imperative for 3GPP to ensure the availability of accurate channel models for the full spectrum range that 6G may utilize. The current 5G channel model, TR38.901 [1], supports frequencies between 0.5 GHz and 100 GHz. However, it is recognized that the development of the 5G channel model within RAN1 was primarily focused on the sub-6 GHz and the above 24 GHz mmWave bands. For frequencies between 7 GHz and 24 GHz, channel correlation parameters were derived by interpolating data from below 6 GHz and above 28 GHz.
With the advent of 6G, establishing a robust channel model becomes even more critical. 3GPP channel models are widely recognized and utilized throughout the wireless industry for a variety of commercial applications, not just within the 3GPP community. Therefore, a study to verify channel models for the 7 to 24 GHz range in Release 19 is both timely and necessary. This validation should ensure model continuity across the frequency spectrum and may include comparisons with other existing channel models. These comparisons could extend beyond the 7 to 24 GHz range to include boundary frequencies or sub-6 GHz for relevant modelling parameters.
So, the proposal for a new study item focusing on channel modelling for the 7-24 GHz range received approval during RAN#102 [2]:
	[bookmark: _Hlk146642115]The objectives of this study are:
 Validate using measurements the channel model of TR38.901 at least for 7-24 GHz
 Note: Only stochastic channel model is considered for the validation.
 Note: The validation may consider all existing scenarios: UMi-street canyon, UMa, Indoor-Office, RMa and Indoor-Factory.

 Adapt/extend as necessary the channel model of TR38.901 at least for 7-24 GHz, including at least the following aspects for applicable scenarios: 
 Near-field propagation (with consideration being given to consistency between near-field and far-field)
 Spatial non-stationarity

Note 1: Continuity of the channel model in the frequency domain below 7 GHz and above 24 GHz shall be ensured.

Note 2: Mathematical and/or theoretical aspects (if any) may be studied before results of measurement campaigns are available. While measurement results may be available and submitted at any time, the study of measurement results may start later (e.g., Q3 2024). 


In this contribution, we will discuss issues related to channel modeling for the 7-24 GHz frequency range, e.g., near-field propagation and spatial non-stationarity.


Discussion
[bookmark: OLE_LINK15][bookmark: OLE_LINK20]Near-field propagation
TR 38.901 provides a comprehensive channel model for frequencies ranging from 0 to 100 GHz, covering a wide array of scenarios relevant to 5G. However, it primarily addresses far-field conditions and may not fully account for the specific considerations required for short-range interactions in the near-field. Under far-field conditions, the wavefront can be assumed to be planar, meaning that the phase of the wave changes uniformly across different positions at the receiver. This assumption is valid when the propagation distance is significantly greater than the wavelength. In contrast, in the near-field, the wavefront is curved, and the phase variations in space cannot be assumed to be uniform. For an illustration of far-field and near-field conditions, please refer to Figure 1.
[image: ]
[bookmark: OLE_LINK79][bookmark: OLE_LINK21]Figure 1. far-field and near-field
[bookmark: OLE_LINK14]The Rayleigh distance [3], also known as the Fraunhofer distance, marks the classical boundary between the near-field and far-field regions and is defined as = 2/𝜆, where D denotes the maximum aperture of the antenna, and λ represents the carrier wavelength. The Rayleigh distance is directly proportional to the square of the antenna aperture and inversely proportional to the carrier wavelength. Thus, based on the Rayleigh distance formula, we present our near-field analysis in Table 1.
Table 1. near-field analysis
	FR - UMa
	FR1 (4GHz)
	FR2 (30GHz)
	FR3 (7GHz)

	AE per polarization
	8 (V) x 8 (H)
(from IMT2020)
Total AE:8 x 8 x 2= 128
	4 (V) x 8 (H)
(from IMT2020)
Total AE:4 x 8 x 2 x 4 panel = 256
	16 (V) x 16 (H)
Total AE:16 x 16 x 2 x 4 panel = 2048
	16 (V) x 16 (H)
Total AE:16 x 16 x 2 x 4 panel = 2048

	Antenna aperture
D (meter)
	0.57m
	0.0894m
	0.2263m
	0.9698m

	Near-field threshold  (meter)
	8.55m
	1.60m
	10.24m
	43.90m



As shown in Table 1, it is unlikely for any UE to experience the effects of near-field conditions in FR1 and FR2 scenarios, even with larger antenna arrays (2048 elements). However, in the FR3 (7GHz) scenario, the near-field effect appears to be significant.
[bookmark: OLE_LINK34][bookmark: OLE_LINK84][bookmark: OLE_LINK7][bookmark: OLE_LINK8]Observation 1: It is unlikely that any UE to experience the near-field effect in FR1 and FR2 scenarios.
Observation 2: The near-field effect seems to be significant in FR3 scenario.
[bookmark: OLE_LINK114][bookmark: OLE_LINK26]Spatial non-stationarity
[bookmark: OLE_LINK92]Spatial non-stationarity refers to the phenomenon where the multipath (clusters) of a wireless communication channel change at different spatial locations. This implies that various antenna elements within an array may experience differing signal fading, delays, and phase shifts. For an illustration of conventional massive MIMO exhibiting spatial stationarity and larger antenna MIMO systems demonstrating spatial non-stationarity, please refer to Figure 2.
[image: ]
Figure 2. spatial stationarity and spatial non-stationarity
[bookmark: OLE_LINK49]The primary cause of spatial non-stationarity is the large aperture of antenna arrays. As the size of an antenna array increases, particularly when it approaches or exceeds the coherence bandwidth of the signal, the channel characteristics could be different among antenna elements. 
According to TR 38.901, the modelling of large antenna arrays is applicable only when the bandwidth B exceeds c/D Hz, where D denotes the maximum aperture of the antenna and c represents the speed of light (3×m/s). Therefore, based on the trigger condition for large antenna arrays, we present the analysis of the large antenna array effect in Table 2.
Table 2. large antenna effect analysis
	FR - UMa
	FR1 (4GHz)
	FR2 (30GHz)
	FR3 (7GHz)

	AE per polarization
	8 (V) x 8 (H)
(from IMT2020)
Total AE:8 x 8 x 2= 128
	4 (V) x 8 (H)
(from IMT2020)
Total AE:4 x 8 x 2 x 4 panel = 256
	16 (V) x 16 (H)
Total AE:16 x 16 x 2 x 4 panel = 2048
	16 (V) x 16 (H)
Total AE:16 x 16 x 2 x 4 panel = 2048

	Antenna aperture
D (meter)
	0.57m
	0.0894m
	0.2263m
	0.9698m

	Trigger Condition of Large Antenna Array c/D (Hz)
	Hz
	Hz
	Hz
	309MHz



[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Table 2 shows that UEs could not experience the effects of large antenna arrays in FR1 and FR2 scenarios due to the large bandwidth trigger condition. However, for FR3, the effect of large antenna arrays could be significant when the antenna aperture is sufficiently large.
[bookmark: OLE_LINK9]Observation 3: It is unlikely that any UE will experience the large antenna array effect in FR1 and FR2 scenarios.
Observation 4: The large antenna array effect could be considered in FR3 when the antenna aperture is large.
[bookmark: OLE_LINK116]Near-field and spatial non-stationarity modelling
[bookmark: OLE_LINK48][bookmark: OLE_LINK27][bookmark: OLE_LINK47][bookmark: OLE_LINK4][bookmark: OLE_LINK6][bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK5]In the previous sections, we have demonstrated that near-field effects and spatial non-stationarity are important considerations in FR3 scenario. In this section, we will present our preliminary thoughts on the implementation of FR3 channel modelling. For the near-field effect, phase variations in space cannot be assumed to be uniform. Regarding the non-stationarity effect, the channel characteristics could vary significantly between different antenna elements. Therefore, based on the distinct phases, delays, and angles for each antenna element in the near-field and spatial non-stationarity modelling, we propose to utilize the TR 38.901 spatial consistency approach along with multiple antenna arrays/panels/groups, as illustrated in Figure 3. If we generate different phases, delays, and angles for each antenna element to model these effects, memory issues would present a significant challenge. Consequently, we suggest using TR 38.901 spatial consistency in conjunction with multiple antenna arrays/panels to effectively model both near-field effects and spatial non-stationarity.
Proposal 1: It is recommended to utilize TR 38.901 spatial consistency in conjunction with multiple antenna arrays/panels to model both near-field effects and spatial non-stationarity.
[image: ]
Figure 3. Modelling of near-field effects and spatial non-stationarity using TR 38.901 spatial consistency, along with multiple antenna arrays/panels
[bookmark: OLE_LINK17][bookmark: OLE_LINK16][bookmark: OLE_LINK18][bookmark: OLE_LINK19][bookmark: OLE_LINK23][bookmark: OLE_LINK22]In TR 38.901, spatial consistency ensures that channel realizations are correlated in space. This means that although the channel may change as the UE moves, the changes are gradual rather than abrupt, reflecting the physical continuity of the surroundings. The relationship between near-field effects/spatial non-stationarity and spatial consistency is that while the former describes the variability of the channel over space, the latter ensures that this variability is represented in a physically plausible and coherent manner. Therefore, a channel model that incorporates near-field effects and spatial non-stationarity should also exhibit spatial consistency. Rel18 CJT also uses spatial consistency to model the channel effects of multiple panels/TRPs.
Conclusion
In this contribution, it discusses channel modelling issues for 7-24GHz with following observations and proposal:
Observation 1: It is unlikely that any UE to experience the near-field effect in FR1 and FR2 scenarios.
Observation 2: The near-field effect seems to be significant in FR3 scenario.
Observation 3: It is unlikely that any UE will experience the large antenna array effect in FR1 and FR2 scenarios.
Observation 4: The large antenna array effect could be considered in FR3 when the antenna aperture is large.
[bookmark: OLE_LINK24]Proposal 1: It is recommended to utilize TR 38.901 spatial consistency in conjunction with multiple antenna arrays/panels to model both near-field effects and spatial non-stationarity.
[bookmark: OLE_LINK120]Reference
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