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1. [bookmark: _heading=h.gjdgxs]Introduction

[bookmark: _Toc163289973]In Meeting#116b, a summary on channel model adaptation/extension of TR38.901 for 7-24GHz was approved:
	Agreement
The following scenarios defined in TR38.901 should be considered for the study/modelling of near-field.
· UMa,UMi, Indoor office and Indoor factory
· FFS: RMa and other new scenarios

Agreement 
For near-field channel, if necessary, to model the following antenna element-wise channel parameters of direct path between TRP and UE, 
· Angular domain parameters (i.e., AoA, AoD, ZoA, ZoD), Delay, initial phase, Doppler shift, Amplitude
· FFS: Impacts on the polarization
The following options are considered:
· Option-1: Determined by the locations of both TRP and UE.
· Option-2: Determined by the antenna element locations of both TRP and UE

Agreement
The following scenarios defined in TR38.901 should be considered for studying/modelling of spatial non-stationarity
· UMi, UMa, Indoor office and Indoor factory
· FFS: RMa and other new scenarios

Agreement
[bookmark: _GoBack]For near-field channel model, RAN1 strives to design a unified model to explicitly reflect the new properties of near- and existing properties of far-field under the structure of existing stochastic model TR 38.901.
· FFS: whether the same or different implementations, e.g., procedures/equations, are used for near- and far-field channel realization 

Agreement
For the modelling of spatial non-stationarity, at least the following options can be studied to identify the impacted ray/cluster and element-pair link:
· Option 1: Introducing per ray/cluster the visible probability, or visibility region for set of antenna element
· Option 2: Introducing the physical blocker to emulate the blockage impact on the link for each element-pair   
Note: The consistency across antenna elements and across clusters should be guaranteed.



New frequency bands and new technologies pose challenges for 6G channel measurement and modeling [1]. At present, there have been some recent studies in the mid-frequency band [2][3]. For the Extremely Large-scale MIMO (XL-MIMO) systems, the near-field region can reach several tens of meters or even hundreds of meters[4]. 

In order to adapt/extend as necessary the channel model of TR 38.901 at least for 7-24 GHz, including near-field propagation and spatial non-stationarity, we gave the channel measurements and observations in the near-field communication, based on the acquisition and analysis of channel measurement data in the actual communication environment (e.g., indoor office and UMa).

2. Near-field propagation and spatial non-stationarity
2.1 Measurement campaign
[bookmark: _Hlk156406439]As Rel-19 considers the existing scenario, we carried out the near-field channel measurement work in indoor office and outdoor urban macro-cell (UMa) scenario. In the 7-24 GHz frequency band, 13 GHz is selected as the typical frequency point to analyze the near-field propagation and spatial non-stationary characteristics. Based on the mechanical sliding platform, the uniform planar array (UPA) array (128 array elements) is translated to form a XL-MIMO array with more array elements. The omni-directional array (ODA) with 64 array elements is placed on the receiving end. At the Tx side, the vector signal generator (R&S SMW 200A) is used to generate a Pseudo Noise (PN) sequence with a central frequency of 13 GHz and a bandwidth of 400 MHz. The spectrum analyzer (R&S FSW 43) is utilized to demodulate the ODA antenna array at the Rx side. The channel sounder configuration is illustrated in Fig. 1 and Tab. 1.
[image: C:\Users\mm\Desktop\屏幕截图 2024-04-02 154033.png]
(a)
Fig. 1. The channel measurement platform 

Tab. 1 Channel measurement configuration
	Parameters
	Value/Type

	Scenario
	Indoor/UMa

	Carrier frequency
	13 GHz

	Chip length
	511

	Symbol rate
	200 Msym/s

	Bandwidth
	400 MHz

	Tx
	UPA

	Rx 
	ODA

	Tx antenna element gain
	4.5 dBi

	Rx antenna element gain
	5.0 dBi

	Tx antenna height in indoor scenario
	2.2 m

	Rx antenna height in indoor scenario
	1.5 m

	Tx antenna height in UMa scenario
	27.5 m 

	Rx antenna height in UMa scenario
	1.8 m

	Polarization
	



· Scenario A: Indoor office
As shown in Fig. 2, the transmitter antenna array is positioned in the front or back of the room, 2.2 meters high, and is as close to the ceiling as possible in the actual communication environment. The receiving end is located near the table and the seated person in the back. The height of Rx antenna array is 1.5 m. There are three measured points. The distance between the Tx antenna and the first point is 4.8 m. Based on the mechanical sliding platform, the uniform planar array (UPA) array (128 array elements) is translated to form a XL-MIMO array with a total of 256 array elements. The 4-column array elemets are divided into a subarray, a total of 16 subarrays.

[image: C:\Users\mm\Desktop\屏幕截图 2024-04-30 100043.png]
(a) Scheme of virtual array

[image: C:\Users\mm\Desktop\屏幕截图 2024-04-02 192114.png]
(b) Measurement environment
Fig. 2. The measurement campaign in the indoor scenario

· Scenario B: Urban macro-cell (UMa)
The transmitting end is placed on the roof of the teaching experiment complex building on the Shahe Campus of Beijing University of Posts and Telecommunications, with a height of 27.5 m (higher than the roof). The receiving end is placed on the ground and the measurement is moved along the routes shown in Fig. 3. The interval distance between adjacent Rx points is 20 m. Route 1, 2, 2 ' and 3' are LOS environments. The Route 3 is partially obscured and in NLOS environment. Based on the mechanical sliding platform, the uniform planar array (UPA) array (128 array elements) is translated to form a XL-MIMO array with a total of 1536 array elements. The 4-column array elemets are divided into a subarray, a total of 32 subarrays.
[image: C:\Users\mm\Desktop\屏幕截图 2024-04-02 160822.png]
(a) Scheme of virtual array


[image: C:\Users\mm\Desktop\屏幕截图 2024-05-07 210202.png]     [image: C:\Users\mm\Desktop\屏幕截图 2024-03-31 165652.png]
	(b) measurement routes
	  (c) measurement environments


Fig. 3. The channel measurement campaign in the UMa scenario

2.2 Near-field propagation
· The near-field characteristics along the array
Take first point RX in the indoor office (Scenario A) as an example. As is shown in Fig. 4, with the increase of array elements, the near-field effect becomes more and more obvious in the array domain. The near-field effect will occur once the array size is large. It can be observed that the angle fluctuation on the array domain is relatively large, showing a linear distribution. This phenomenon and model are better observed and analyzed in literature [4]. However, the variation of the delay is not obvious with increasing of antenna-element. The AAOD is the azimuth angle of departure.
[image: ] 
（a）LoS angle along the array
[image: ]
（b）LOS delay along the array
Fig. 4. The channel characteristics along Tx antenna array in indoor scenario.

As is shown in Fig. 5, the average of measured points in the indoor scenario. The large-scale parameters (including DS、ASD、ESD.) are observed the change of delay in horizontal dimension. Considering the influence of multipath, the delay spread on the array and ASD have non-stationary phenomena, but the non-stationary phenomenon of ESD is relatively weak (< 5°).
[image: ]
（a）Delay spread along the array
[image: ]
（b）Angular spread along the array
Fig. 5. The near-field propagation along the Tx array in the indoor scenario

As shown in Fig. 6, in the UMa scenario, Point B on Route 2 has a small non-stationary change in angle domain.
[image: ] 
Fig. 6. The LoS angle along Tx antenna array in UMa scenario.

Take Route 2 as an example in Fig. 7, the receiving end is far away from the base station, the ASD have non-stationary phenomena. The non-stationary phenomenon of ESD is relatively weak, but it fluctuates more than indoors. 
[image: ]
Fig. 7. The near-field propagation in the UMa scenario
2.3 Spatial non-stationarity
· The spatial non-stationarity will occur due to the occlusion in the UMa environment
On the Route 2 shown in Fig. 3(a), we observe that point A presents the significant spatial non-stationarity due to occlusion. As shown in Fig. 8(a) and (b), the transmitting end is observed from the receiving end, and the transmitting antenna array moves from the visible region to the occlusion region. From Fig. 8(c), it can be seen that the LOS path disappears due to the occlusion of the building facilities, and the received power is significantly reduced, but the power change from the visible region to the occlusion region is not abrupt, which may be caused by the diffraction paths between the Tx and Rx ends. In Fig. 8(c), the power difference is over 15 dB between maximum power and minimum power of LOS path.
[image: C:\Users\mm\Desktop\屏幕截图 2024-04-03 213814.png]     [image: C:\Users\mm\Desktop\屏幕截图 2024-04-03 213854.png]
	(a) visible region
	(b) occlusion region



[image: C:\Users\mm\Desktop\屏幕截图 2024-04-02 191711.png]
(c) Spatial non-stationarity
Fig. 8. The spatial non-stationarity due to the occlusion in the UMa scenario


Observation 1: In near-field, it is observed that the large-scale parameters change with the position of the array element.
Observation 2: In the UMa scenario, the angle parameters of direct path do not vary significantly with the position of the array element.
Observation 3: In the UMa scenario, spatial non-stationarity caused by obstacles can be observed.

Proposal 1: For near-field channel in indoor scenario, it is necessary to model the following antenna element-wise channel parameters of direct path, including angular domain parameters, and so on.

3. Discussion on Channel modeling methodology
3.1 Near-field propagation
[bookmark: OLE_LINK2]In TR 38.901, the departure angle from the transmitter to the first-bounce scatterer (FBS) and the arrival angle from the last-bounce scatterer (LBS) to the receiver are geometrically described, without defining the location of the first-bounce and last-bounce scatterer. In the near-field channel model, each Tx-Rx antenna element pair may have different channel parameters, such as amplitude, phase, angle, doppler and so on. Therefore, it is necessary to model the exact location of the scatterers, calculate the distance from the scatterer to the antenna element, and then calculate the channel parameters of each Tx-Rx antenna element pair.
To this end, the following two options can be considered.
· Option 1: The distance geometrically derived from the existing cluster/ray. The scatterer location is determined by minimizing the distance from the first-bounce to the last-bounce scatterer.
· Option 2: A parameter for the propagation distance from the TRP to the first-bounce scatterer is introduced, and the statistical distribution of this parameter is given. 















[bookmark: MTBlankEqn]In option 1, as shown in Fig. 9,  represents the 3D distance vector between the transmitter and the receiver. The propagation path of the -th ray in the -th cluster can be defined.  and  are the vector pointing from TRP to the FBS and the vector pointing from the LBS to receiver, respectively. The directions of  and  are defined by the departure and arriving angles of the ray.  is the vector pointing from FBS to LBS.  is the vector pointing from TRP to receiver.  is the vector pointing from TRP to LBS and can be calculated by . It is noticed that= , so can be obtained by calculating the length of .
[image: ]


Fig. 9 An illustration of the propagation path of the -th ray in the -th cluster
According to Fig. 1, the total length of the ray can be expressed as:








where  is the speed of light,  and  are relative and absolute delays of the -th cluster, which can be obtained in step 6. the length of  and  can be calculated by solving the following optimization problem:

,






where  is a fixed minimum distance and may change in different scenarios. Set  in the range from to , calculate  and  using the cosine theorem in the gray shaded area in Fig. 9:


Thus, the distance of each ray between the TRP to the FBS and the LBS to receiver can be calculated.
In option 2, a parameter for the propagation distance from the TRP to the first-bounce scatterer is introduced, and the statistical distribution of this parameter is given. Thus, it is possible to locate the scatterer by joint distance and departure angle.
Proposal 1: It is necessary to determine the exact locations of the first-bounce and last-bounce scatterers in near-field modeling. The following two options can be considered.
· Option 1: The distance geometrically derived from the existing cluster. The scatterer location is determined by minimizing the distance from the first to the last-bounce scatterer.
· [bookmark: OLE_LINK1]Option 2: A parameter for the propagation distance from the TRP to the first-bounce scatterer is introduced, and the statistical distribution of this parameter is given. 
3.2 Spatial non-stationarity
Spatial non-stationary characteristics can be viewed from two perspectives: array antenna and cluster. On the one hand, from the perspective of the array, it can be expressed that with the increase of the number of elements, some clusters are invisible. On the other hand, from the perspective of cluster, it can be expressed that some cluster are visible to some antenna element pairs, and the rest antenna element pairs are invisible. To this end, the following two options can be considered.
· [bookmark: OLE_LINK5]Option 1: Initializes the visible probability (VP) of each cluster in the reference element/subarray, and uses Markov process to characterize the change in cluster visible probability along element /subarray. The state transition probability of Markov process can be obtained based on channel measurement.
The initial VP of adjacent clusters are similar to ensure the consistency of clusters in spatial non-stationary modeling. The VP is updated by Markov process to ensure the consistency across antenna element/subarray in spatial non-stationary modeling. 
[image: ]
Fig. 10  Spatial non-stationarity VP modeling method schematic diagram
· Option 2: Determines the visible region (VR) of each cluster in the antenna array, the size of the visible region depends on the distance between the TRP and that cluster. In addition, it is necessary to consider the shape of the VR, the VR centre point and the rules of VR arrangement.
[image: ]
Fig. 11 Spatial non-stationarity VR modeling method schematic diagram

Proposal 2: The following two options can be considered for spatial non-stationary modeling:
· Option 1: Initializes the visible probability of each cluster in the reference element/subarray, and uses Markov process to characterize the change in cluster visible probability along element /subarray. The state transition probability of Markov process can be obtained based on channel measurement.
· Option 2: Determines the visible region of each cluster in the antenna array, the size of the visible region depends on the distance between the TRP and that cluster. In addition, it is necessary to consider the shape of the VR, the VR centre point and the rules of VR arrangement.

4. Conclusion:
In this proposal we made the following observations and proposed approaches to address these observations accordingly. 
Observation 1: In near-field, it is observed that the large-scale parameters change with the position of the array element.
Observation 2: In the UMa scenario, spatial non-stationarity caused by obstacles can be observed.
Observation 3: In the UMa scenario, the angle parameters of direct path do not vary significantly with the position of the array element.

Proposal 1: For near-field channel in indoor scenario, it is necessary to model the following antenna element-wise channel parameters of direct path, including angular domain parameters, and so on.
[bookmark: _Ref161403491]Proposal 2: The following two options can be considered for spatial non-stationary modeling:
· Option 1: Initializes the visible probability of each cluster in the reference element/subarray, and uses Markov process to characterize the change in cluster visible probability along element /subarray. The state transition probability of Markov process can be obtained based on channel measurement.
· Option 2: Determines the visible region of each cluster in the antenna array, the size of the visible region depends on the distance between the TRP and that cluster. In addition, it is necessary to consider the shape of the VR, the VR centre point and the rules of VR arrangement.
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