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A new SI was approved in RANP meeting #102 to study channel model enhancements for 7-24GHz for NR [1]. According to the approved SID, the objectives of this study are as follows:
	· 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).



The following are list of agreements made in RAN1 regarding modeling extensions in RAN1 #116-bis.
	Agreement
The antenna array is assumed for the near-field study.

Agreement
For the study of near-field channel modelling, at least following aspects should be considered:
· Whether/How to define the near-field region
· The parameters variation for each ray/cluster across different antenna element pairs

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 the assumption on the aperture size of antenna array, the following is considered as reference for channel model study.
· up to [TBD] m, or  [TBD] lambda for UMi
· up to [TBD] m, or [TBD] lambda for UMa
· up to [TBD] m, or [ TBD] lambda for Indoor office
· up to [TBD] m, or [TBD] lambda for Indoor factory

Agreement
For the near-field channel model:
· The impact of the assumption of wavefront is only considered from the perspective of antenna array.
· The near field for each element within the antenna array is not considered in this SI. 

Agreement
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
The near- or far-field condition should be studied for the direct path and non-direct paths between BS and UE.
· The near-/far-field condition for the direct path may be assessed by using the 3D BS-UE distance.
· FFS: The determination of near-/far-field condition for the non-direct paths
· Note: The direct path is referring to the LoS ray in the TR 38.901 in principle.
· Note: The non-direct paths are referring to the cluster/ray(s) without including LoS ray in the TR 38.901.

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
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. 



In this document, we discuss modeling for near-field communications and other channel model adaptations/extensions.
Discussion on Spatial Non-Stationarity in Near-Field
Effective Distances for Spatial Stationarity
The objectives of the study also include spatial non-stationarity aspects. Spatial non-stationarity (SnS) may be arising from new considerations on relation between carrier bandwidth, antenna aperture, and wavelength.
Traditionally 3GPP RAN1 evaluated scenarios where the radio distance is relatively large compared to the antenna aperture, which allowed considering all antenna elements experiencing the same spatial channel properties, such as propagation delay, cluster angle and power, pathloss, LOS/NLOS state, blockage, etc. [5][6][7]. With the new scenarios emerging as part of the near-field propagation study, such stationarity needs to be validated and confirmed or reconsidered.
In practice, the spatial stationarity is often evaluated by the condition of exceeding Rayleigh distance:

where  denotes the aperture size of the antenna. One of the key questions would be to understand target antenna apertures . With massive MIMO and extreme MIMO, e.g. 32×32 or 64×64 antenna elements of half-wavelength the Rayleigh distance estimate is illustrated in Figure 1. As it can be seen, in some cases (e.g., 10 GHz, 64×64 antenna the distance is ~250 meters) the Rayleigh distance becomes comparable to a micro-cell radius. Below these distances, the spatial stationarity assumption may not be applicable anymore.
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[bookmark: _Ref163158496]Figure 1. Rayleigh distance estimate depending on the carrier frequency and antenna dimensions.
Another measure of spatial stationarity would be checking whether gNB antenna apertures are comparable with the correlation distances for spatial channel propagation parameters. In the table below, the spatial consistency variables are being copied from TR 38.901 [1]. It can be observed that the correlation distances are rather large compared to typical antenna array dimensions.
TR 38.901, Table 7.6.3.1-2 Correlation distance for spatial consistency
	Correlation distance in [m]
	RMa
	UMi
	UMa
	Indoor
	InF

	
	LOS
	NLOS
	O2I
	LOS
	NLOS
	O2I
	LOS
	NLOS
	O2I
	
	

	Cluster and ray specific random variables
	50
	60
	15
	12
	15
	15
	40
	50
	15
	10
	10

	LOS/NLOS state 
	60
	50
	50
	10
	

	Indoor/outdoor state
	50
	50
	50
	N/A
	N/A



Although there are criteria available to check whether the SnS may take effect on the MIMO propagation channel, practical considerations regarding the accuracy and complexity tradeoff need to be discussed. As an example, whether modeling of SnS at the distances shorter than Rayleigh brings performance changes critical for a given scenario, at the same time exponentially increasing modeling complexity.
Proposal 1: RAN1 to study and validate spatial non-stationarity criteria depending on relation between carrier frequency, antenna aperture size, carrier bandwidth, and radio propagation distance.
· FFS the criteria, e.g. Rayleigh distance threshold, correlation distance threshold, performance impact, etc.

Proposal 2: The following non-stationarity effects are further studied at least for 7-24 GHz carrier frequency:
· gNB-UE antenna element pair specific large-scale channel properties:
· LOS/NLOS state,
· Pathloss,
· Shadowing.
· gNB-UE antenna element pair specific small-scale channel properties:
· Cluster ray delay,
· Cluster ray power,
· Cluster ray angles,
· Cluster existence / visibility,
· Blockage.
Spatial Propagation Properties
We further discuss the above spatial propagation properties for large-scale and small-scale components.
Large-scale components stationarity
The large-scale properties such as pathloss, shadowing, LOS/NLOS state and other may also vary between antenna elements of a relatively large gNB antenna on a gNB-UE link. In case such non-stationarity is modelled, a spatial 2D correlation process may be employed, similar to the spatial consistency, in order to generate the random components of the large-scale channel parameters. For example, LOS/NLOS may be different between antenna elements using the spatial random process [7], the pathloss may be further a function of attenuation equation per antenna element and LOS/NLOS state, the shadowing may also employ the spatial random correlated process.
Observation 1: 2D spatial random correlated process may be applied to LOS/NLOS state and shadowing per gNB-UE antenna element pair if these large-scale parameters are considered for non-stationarity modeling.
Small-scale components stationarity
The small-scale effects are referring to cluster and cluster ray parameters distribution between antenna elements. Diffraction and reflection experienced by different gNB antenna elements may be different and this may be accounted by different correlated cluster generation depending on gNB antenna element.
Current TR 38.901 [1] outlines possible changes for similar effects in a dedicated section 7.6.2 “Large bandwidth and large antenna array”. Sub-section 7.6.2.2 describes modeling of random distribution for cluster ray angles, delays, and powers instead of deterministic relation. RAN1 may consider this approach as the baseline or small-scale non-stationarity.
Observation 2: Additional components of large bandwidth and large antenna array modeling captured in TR 38.901 may be considered as a baseline for intra-cluster non-stationarity modeling.
Another non-stationarity effect is different clusters distribution for different antenna pairs. It was discussed in RAN1, that two options may be studied further: visibility region approach (Option 1), or blockage approach (Option 2). In our understanding, both approaches target same result: different sub-sets of clusters are visible to different antenna elements, in spatially consistent manner. Given that the blockage framework is already implemented in TR 38.901 but requires updates for SnS modelling, this approach is preferable.
Proposal 3: Introduce a blockage model enhancement to emulate the blockage impact on the link for each antenna element-pair of a link. FFS details.
Discussion on Near-Field Channel Modeling
Unified channel model for near-field and far-field
The following agreement was reached in RAN1#116bis:
	Agreement
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 


As elaborated on in Sections 3.2 and 3.3, both near-field and far-field channel responses are derived from the same general formula which characterizes the channel between a specific pair of TX and RX antenna elements which belong to a pair of TX and RX antenna arrays. Such derivations are done by applying specific simplifications to the general channel response such that the resulting simplified channel for the near-field (resp. far-field) model is accurate enough under certain conditions, known as near-field conditions (resp. far-field conditions). Moreover, such simplifications are “nested” in the sense that far-field channel response is indeed a simplified version of near-field channel response. This approach ensures a unified model for both near-field and far-field channels. In particular, the existing stochastic model of TR 38.901 which is applicable to far-field scenarios can be generalized to support the near-field scenarios. The generalization may involve a combination of the following:
i. Generalization of some of existing equation(s) of the existing far-field channel of TR 38.901 so that they support near-field channel.
ii. Generalization of some of the channel generation procedures by introducing new step(s) or sub-step(s) to the existing far-field channel generation procedure(s) of TR 38.901 so that they support near-field channel.
Also, the generalization should be such that the resulting near-field channel model, when applied to a far-field scenario, would result in a far-field channel which is (1) more accurate than the existing TR 38.901 far-field channel for the given scenario and (2) its difference from the existing TR 38.901 far-field channel for the given scenario is negligible.
Proposal 4: The near-field channel is obtained by generalizing the existing stochastic channel model of TR 38.901, where the generalization may involve a combination of the following:
i. Generalization of some of existing equation(s) of the existing stochastic model of TR 38.901 so that they support near-field channel.
ii. Generalization of some of the existing channel generation procedures by introducing new step(s) or sub-step(s) to the existing procedure(s) of TR 38.901 so that they support near-field channel.
Proposal 5: The near-field channel model, when applied to any far-field scenario, shall result in a far-field channel realization which meets the following requirements:
i. It has higher accuracy than the channel realization obtained using existing TR 38.901 channel model for the given far-field scenario; and
ii. Its difference from the channel realization obtained using the existing TR 38.901 channel for the given far-field scenario is negligible.
[bookmark: _Ref165929695]LOS Channel
The following agreement was reached in RAN1#116bis for the direct path between TX and RX:
	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


The region beyond a few wavelengths surrounding an antenna can be generally divided into two distinct regions, namely, radiating near-field[footnoteRef:2] (or simply, near-field) and far-field regions, which correspond to electromagnetic (EM) waves with different wavefront shapes and different properties. To characterize the EM waves in these two regions, we start with the general form of EM wave radiated from an antenna in LOS case. The LOS channel from transmit antenna element  to receive antenna element  can be represented by  [2:  The region confined within the first few wavelengths of the antenna is called reactive near-field. In contrast to radiating EM fields, the reactive EM fields are attenuated very fast with distance from the antenna. As such, the reactive near-field is out of the scope of this contribution.] 

,
where  denotes the LOS channel amplitude, including both small-scale (SS) and large-scale (LS) channel powers, and  denotes the distance vector from transmit antenna element  to receive antenna element  and  is velocity vector of the UE (receiver). Figure 2 illustrates the locations of transmit antenna element  and receive antenna element  in the Global Coordinate System (GCS). It follows from Figure 2 that
,
where  is the distance vector from the origin of transmitter-side GCS to the origin of the receiver-side GCS, and  is the location vector of transmit antenna element  in the transmitter-side GCS and  is the location vector of receive antenna element  in the receiver-side GCS. Therefore, when there is not Doppler shift, i.e.  ,the LOS channel can be written as
.
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LOS channel phase without Doppler shift
In this section, we discuss the phase of LOS channel with no Doppler shift, i.e. . In this case, the phase of the LOS channel is determined by the relative distances of the TX and RX antenna arrays and elements. It is shown in Appendix A that
,
where
,
,
,
and where  is the spherical unit vector at the transmitter-side GCS pointing towards the origin of the GCS at the receiver-side. The term  represents the residual terms in the Taylor expansion of  which fall off with . The approximation of the Taylor expansion with its first term  would result in far-field channel. In particular,  is called far-field approximation. Following the notations of TR 38.901, let use denote by  the spherical unit vector at the transmitter-side GCS pointing towards the origin of the receiver-side GCS, and by  the spherical unit vector at the receiver-side GCS pointing towards the origin of the transmitter-side GCS, and by  the 3D distance between the origin of GCS at the transmitter side and origin of GCS at the receiver-side. Then, we have . If TX-RX distance  is large enough, then
· the LOS wave is planar;
· the phase of the LOS channel is a linear function of the transmit and receive antenna element coordinates;
· the phase of LOS channel excluding Doppler shift can be approximated by .
The approximation of the Taylor expansion with its first two terms  would result in near-field channel. The LOS channel phase in the near-field region is a nonlinear function of Cartesian GCS coordinates of the transmit and receive antenna elements. Also,  falls off with . The approximation  is called near-field approximation. In summary, for the near-field channel
· the LOS wave is spherical;
· the phase of the LOS channel is a nonlinear function of the transmit and receive antenna element coordinates.
· the phase of LOS channel excluding Doppler shift can be approximated by .














[bookmark: _Ref162549698]Figure 2. Locations of transmit antenna element  and receive antenna element  in GCS














Figure 3. Planar distance between transmit and receive antenna elements.
Therefore, the phase of the LOS channel in the case of no Doppler shift is given by  where


Observation 3: In far-field scenario, where TX-RX 3D distance  is large enough,
· the LOS wave is planar;
· the phase of the LOS channel is a linear function of the transmit and receive antenna element coordinates;
· the phase of LOS channel excluding Doppler shift can be approximated by .
Observation 4: In near-field scenario, where TX-RX 3D distance  is small enough,
· the LOS wave is spherical;
· the phase of the LOS channel is a nonlinear function of the transmit and receive antenna element coordinates;
· the phase of LOS channel excluding Doppler shift can be approximated by .
Doppler phase of LOS channel
In the presence of UE mobility, an additional phase component is added to the LOS channel. For any transmit antenna element  to receive antenna element , the time-varying phase component due to Doppler shift is given by , where  is the unit vector from the transmit antenna element  towards the receive antenna element  and  is velocity vector of the UE (receiver). Therefore, one can write

where  is used in the above. We can neglect the last term by assuming , and so,

It can be seen that the first term  in  is the Doppler phase of the LOS channel given by (7.5-29) in TR 38.901.
In summary, we have the following proposal:
Proposal 6: The phase of the near-field channel is given by

where




Amplitude of the LOS Channel
The amplitude  of the LOS channel can be written as  where  denotes the small-scale channel power and  denotes the large-scale channel power. In the following, we discuss small-scale and large-scale powers separately.
Small-scale Power Modelling
The small-scale power is governed by the field pattern vectors and . Following, equation (7.5-29) of [1], the LOS small-scale power in the case of far-field channel is given by 
 ,
where  and  denote the LOS arrival and departure angles of all receive and transmit antenna elements, respectively. In the case of near-field, the LOS arrival and departure angles of each transmit-receive antenna element pair depends on the antenna element pair location. Therefore, the small-scale LOS power in the case of near-field channel is a generalized version of the far-field as follows:
 .
Proposal 7: The small-scale LOS power of near-field channel is given by

where  and  denote the LOS arrival and departure angles between the receive antenna element  and transmit antenna element .
[bookmark: _Ref162950466]Large-scale Power Modelling
The large-scale channel power  of LOS channel is governed by different factors including pathloss, penetration loss (if applicable), blockage, etc. Table 7.4.1-1 of TR38.901 [1] defines the far-field pathlosses (both LOS and NLOS) for different scenarios as a function of the 3D UT-BS distance , 2D UT-BS distance , BS height , UT height , carrier frequency , average building height  (if applicable), and average street width  (if applicable). In the near-field region, the parameters , , , and (potentially)  are specific to each transmit-receive antenna element pair. In particular, the following modifications can be applied to these four parameters for near-field channel, resulting in LOS pathloss between transmit antenna element  and receive antenna element :
· BS height  is replaced with  which is the height of the transmit antenna element  at BS.
· UT height  is replaced with  which is the height of the receive antenna element  at UT.
·  is replaced with  which is the 3D distance between transmit antenna element  and receive antenna element .
·  is replaced with  which is the 2D distance between transmit antenna element  and receive antenna element .
Proposal 8: For near-field channel, define LOS pathloss between transmit antenna element  and receive antenna element .
Proposal 9: Use the following parameters for defining LOS pathloss :
· : Height of the transmit antenna element  at BS.
· : Height of the receive antenna element  at UT.
· : 3D distance between transmit antenna element  and receive antenna element .
· : 2D distance between transmit antenna element  and receive antenna element .
Other large-scale components of the LOS channel power will need to be also studied by RAN1 to identify any potential impact(s) from having antenna element locations  and  being comparable with the TX-RX 3D distance .
Proposal 10: RAN1 to study and identify potential impact(s) (if any) on large-scale components of the LOS channel power caused by having antenna element locations  and  being comparable with the TX-RX 3D distance .
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Following the cluster-based channel model of TR38.901 [1], the NLOS channel of ray  within cluster  can be represented by
,
where  denotes the NLOS channel amplitude, governed by both small-scale and large-scale channel powers, and  denotes the total distance from transmit antenna element  along ray  within cluster  to receive antenna element . As illustrated in Figure 4, the total distance  can be further split into two parts: 
· : Length of distance vector to cluster  from transmit antenna element  along ray  with cluster ;
· : Length of distance vector from cluster  to receiver antenna element  along ray  within cluster .
Therefore, we can write
.
Similar to LOS case, we discuss the phase and channel power for NLOS case separately.
Phase of the NLOS Channel
Following the same steps as Section 3.2.1, we can write

,
where
,
,
,
,
,
,
,
.
In contrast to the LOS case, the NLOS case involves cluster locations which need to be discussed in RAN1: A cluster (and the rays within the cluster) in cluster-based channel model of TR38.901 does not possess a particular physical location in 3D space. As such, it should be discussed in RAN1 and clarified how to attribute physical locations to clusters and their associated rays. Deterministic or stochastic approaches (or a combination thereof) can be studied for determination of cluster locations. Once the physical locations of the clusters and their rays are determined, their associated vectors , , and  can be derived and used in the above expressions to determine the phase of the NLOS channel.
Proposal 11: RAN1 to study attributing physical locations to clusters and their associated rays for near-field NLOS channel characterization.
Amplitude of the NLOS Channel
The amplitude  of the NLOS channel can be written as  where  denotes the small-scale channel power and  denotes the large-scale channel power. In the following, we discuss small-scale and large-scale powers separately.
Small-scale Power Modelling
The small-scale power is governed by the field pattern vectors and . Following, equation (7.5-28) of [1], the NLOS small-scale power in the case of far-field channel is given by 
 ,
where  and  denote the NLOS arrival and departure angles ray  within cluster  for all receive and transmit antenna elements, respectively. In the case of near-field, the NLOS arrival and departure angles of each transmit-receive antenna element pair depends on the antenna element pair location and the cluster/ray location. Therefore, the small-scale NLOS power in the case of near-field channel is a generalized version of the far-field as follows:
. 
Proposal 12: The small-scale NLOS power of near-field channel is given by

where  and  denote the NLOS arrival and departure angles of the receive antenna element  and transmit antenna element , respectively, corresponding to ray  within cluster .
Large-scale Power Modelling
Similar to LOS case, the large-scale channel power  of NLOS channel is governed by different factors including pathloss, penetration loss (if applicable), blockage, etc. Depending on the locations of clusters, per-cluster per TX-RX antenna element pair pathlosses may need to be defined for NLOS case. Following a similar discussion as Section 3.2.2.2, we have the following proposals for NLOS case:
Proposal 13: For near-field channel, define NLOS pathloss between transmit antenna element  and receive antenna element  through cluster .
Proposal 14: Use the following parameters for defining NLOS pathloss :
· : Height of the transmit antenna element  at BS.
· : Height of the receive antenna element  at UT.
· : 3D distance between transmit antenna element  and cluster n.
· : 3D distance between receive antenna element  and cluster n.
· : 2D distance between transmit antenna element  and cluster n.
· : 2D distance between receive antenna element  and cluster n.
Other large-scale components of the NLOS channel power will need to be also studied by RAN1 to identify any potential impact(s) from having antenna element locations  and  being comparable with the TX-RX distance .
Proposal 15: RAN1 to study and identify potential impact(s) (if any) on large-scale components of the NLOS channel power caused by having antenna element locations  and  being comparable with the TX-cluster-RX distance .









Cluster 

[bookmark: _Ref162617273]Figure 4. Locations of transmit antenna element , receive antenna element , and cluster n in GCS.

Near-/far-field conditions
The following agreements concerning definitions/conditions of near-field were reached in RAN1#116bis
	Agreement
For the study of near-field channel modelling, at least following aspects should be considered:
· Whether/How to define the near-field region
· The parameters variation for each ray/cluster across different antenna element pairs

Agreement
The near- or far-field condition should be studied for the direct path and non-direct paths between BS and UE.
· The near-/far-field condition for the direct path may be assessed by using the 3D BS-UE distance.
· FFS: The determination of near-/far-field condition for the non-direct paths
· Note: The direct path is referring to the LoS ray in the TR 38.901 in principle.
· Note: The non-direct paths are referring to the cluster/ray(s) without including LoS ray in the TR 38.901.



As discussed in Sections 3.2 and 3.3, whether channel between a specific pair of TX and RX antenna arrays is near-field or far-field is mainly governed by the distance between the TX and RX arrays for the direct path (LOS). For the non-direct paths, the cluster location will also come into effect, and the near-/far-field conditions can be assessed by the TX-cluster-RX distance. Therefore, defining an explicit “near-field region” may not be necessary for characterization of near-field channel, and it suffices to determine the near-/far-field condition(s) in the form of distances between different entities of the channel model. Moreover, since different components of the channel may show different behaviour with respect to the distances between different entities, it is reasonable and more tractable to consider different near-field conditions for different parameters of the channel. For example. An LOS channel may be in near-field from the phase point of view but far-field from the amplitude point of view. Also, near-/far-field conditions for large-scale parameters may be different from those for small-scale parameters of the channel.
It should be noted that distinction of near-field versus far-field may not be essential for obtaining evaluations of communication features that may be impacted by near-field operations. It could be possible to apply near-field modelling components even for links that could be approximated by far-field modelling without much impact to evaluations. Evaluating with near-field models for such case simply incurs more evaluation complexity. Companies may be able to apply some scheme to safely approximate certain links in evaluation as far-field by implementation that may yield identical system evaluation results. From this perspective, the distinction between near and far-field may not be critical. It may be possible to leave it to each company or a particular evaluation methodology for a study to determine to utilize near-field modelling design depending on deployment scenario and use case intended to be evaluated, similar to how spatial consistency and other additional modelling is treated in TR 38.901.
With this said, we believe there could still be value for RAN1 to consider some criteria for determining near-field models, as it could provide useful guidance to companies on deployment scenarios and use cases in which near field models are strongly recommended to be considered. It can provide guidance on companies to consider using near-field models in the evaluations which otherwise could risk evaluation results to be not accurate enough and result in incorrect observation conclusions. This would be similar to how large bandwidth and large array modelling component (Section 7.6.2 of TR 38.901) is described in the channel model, where the additional model is stated to be applicable if specific bandwidth and antenna aperture size are met. Similarly, RAN1 could state that near field modelling is applicable for evaluation scenarios that contain links that meet certain criteria. This would be soft criteria that provides guidance to companies.
Proposal 16: RAN1 to consider defining soft criteria for leveraging near-field models and state that near-field modelling is applicable for evaluation scenarios that contain links that meet such criteria.
· FFS: criteria for near-field model consideration.
Proposal 17: For study of near-/far-field conditions, RAN1 considers different near-/far-field conditions for large-scale and small-scale parameters of the channel.
Proposal 18: For study of near-/far-field conditions for small-scale channel parameters, RAN1 considers different near-/far-field conditions for channel amplitude and channel phase.
In the following, we consider LOS and NLOS separately.
LOS channel
In this section we discuss the near-/far-field conditions for LOS channel phase. Following the discussions in Section 3.2.1, the near-/far-field condition can be defined as smallest 3D distance  beyond which the near-field component of the LOS channel phase i.e. , becomes negligible. Since  is time-dependent, it may be hard to characterize the condition in the Doppler. The condition can be further simplified by neglecting the time-dependent part of  in defining the condition. Therefore, we have the following proposal:
Proposal 19: Define the near-/far-field condition for LOS channel phase as follows: The distance  between the origin of the transmit-side GCS and the origin of the receive-side GCS is smaller/larger than the far-field distance , where the far-field distance  is defined as the smallest distance such that for any  and ,  for .
· FFS the value of .
NLOS channel
In contrast to the LOS case, the NLOS channel is composed of superposition of  channels corresponding to  clusters. The following alternatives can be studied in RAN1 on near-/far-field conditions for NLOS channel phase or amplitude:
· Option 1: Far-field/near-field determination per TX-cluster and cluster-RX links: In the most general case, TX-cluster links and cluster-RX links can be potentially far-field or near-field links independently of each other depending on individual cluster locations. As a result, a far-field distance can be defined for each TX-cluster link and a far-field distance can be defined for each cluster-RX link. This is equivalent to defining a far-field distance for each  and a far-field distance for .
· Option 2: One Far-field/near-field determination for TX-cluster links and one far-field/near-field determination for cluster-RX links: In this option, one far-field distance is defined for all TX-cluster links using a certain function of the cluster locations such as  or , and one far-field distance is defined for all cluster-RX links using a certain function of the cluster locations such as  or .
· Option 3: Far-field/near-field determination per TX-cluster-RX links: In this option, far-field distance is defined per  TX-cluster-RX link, i.e. for each .
· Option 4: Far-field/near-field determination for the entire NLOS channel: In this option, the entire NLOS channel, i.e. all TX-cluster and cluster-RX links, is determined to be either far-field or near-field. Such determination can be based on a certain function of the cluster location vectors such as  or .
· Option 5: Far-field/near-field determination for the entire channel (including both LOS and NLOS): In this option, the entire channel including both LOS and NLOS components is determined to be far-field/near-field based. Different alternatives can be studied on how to determine the far-field/near-field region for the entire channel. One option is to consider the entire channel to be far-field/near-field based on its LOS component (using the LOS far-field distance as described in Section 3.2.1). Alternatively, a combination of NLOS and LOS distances can be used to determine the far-field/near-field region.
Proposal 20: For determination of near-/far-field condition for NLOS channel, consider the following options:
· Option 1: Far-field/near-field determination per TX-cluster and cluster-RX links;
· Option 2: One Far-field/near-field determination for TX-cluster links and one far-field/near-field determination for cluster-RX links;
· Option 3: Far-field/near-field determination per TX-cluster-RX links;
· Option 4: Far-field/near-field determination for the entire NLOS channel;
· Option 5: Far-field/near-field determination for the entire channel (including both LOS and NLOS).
Conclusions
In this contribution, we discussed for near-field communications and other channel model adaptations/extensions. The following are a summary of proposals and observations made.
Proposal 1: RAN1 to study and validate spatial non-stationarity criteria depending on relation between carrier frequency, antenna aperture size, carrier bandwidth, and radio propagation distance.
· FFS the criteria, e.g. Rayleigh distance threshold, correlation distance threshold, performance impact, etc.
Proposal 2: The following non-stationarity effects are further studied at least for 7-24 GHz carrier frequency:
· gNB-UE antenna element pair specific large-scale channel properties:
· LOS/NLOS state,
· Pathloss,
· Shadowing.
· gNB-UE antenna element pair specific small-scale channel properties:
· Cluster ray delay,
· Cluster ray power,
· Cluster ray angles,
· Cluster existence / visibility,
· Blockage.
Observation 1: 2D spatial random correlated process may be applied to LOS/NLOS state and shadowing per gNB-UE antenna element pair if these large-scale parameters are considered for non-stationarity modeling.
Observation 2: Additional components of large bandwidth and large antenna array modeling captured in TR 38.901 may be considered as a baseline for intra-cluster non-stationarity modeling.
Proposal 3: Introduce a blockage model enhancement to emulate the blockage impact on the link for each antenna element-pair of a link. FFS details.
Observation 3: In far-field scenario, where TX-RX 3D distance  is large enough,
· the LOS wave is planar;
· the phase of the LOS channel is a linear function of the transmit and receive antenna element coordinates;
· the phase of LOS channel excluding Doppler shift can be approximated by .
Observation 4: In near-field scenario, where TX-RX 3D distance  is small enough,
· the LOS wave is spherical;
· the phase of the LOS channel is a nonlinear function of the transmit and receive antenna element coordinates;
· the phase of LOS channel excluding Doppler shift can be approximated by .
Proposal 4: The near-field channel is obtained by generalizing the existing stochastic channel model of TR 38.901, where the generalization may involve a combination of the following:
iii. Generalization of some of existing equation(s) of the existing stochastic model of TR 38.901 so that they support near-field channel.
iv. Generalization of some of the existing channel generation procedures by introducing new step(s) or sub-step(s) to the existing procedure(s) of TR 38.901 so that they support near-field channel.
Proposal 5: The near-field channel model, when applied to any far-field scenario, shall result in a far-field channel realization which meets the following requirements:
iii. It has higher accuracy than the channel realization obtained using existing TR 38.901 channel model for the given far-field scenario; and
iv. Its difference from the channel realization obtained using the existing TR 38.901 channel for the given far-field scenario is negligible.
Proposal 6: The phase of the near-field channel is given by

where




Proposal 7: The small-scale LOS power of near-field channel is given by

where  and  denote the LOS arrival and departure angles between the receive antenna element  and transmit antenna element .
Proposal 8: For near-field channel, define LOS pathloss between transmit antenna element  and receive antenna element .
Proposal 9: Use the following parameters for defining LOS pathloss :
· : Height of the transmit antenna element  at BS.
· : Height of the receive antenna element  at UT.
· : 3D distance between transmit antenna element  and receive antenna element .
· : 2D distance between transmit antenna element  and receive antenna element .
Proposal 10: RAN1 to study and identify potential impact(s) (if any) on large-scale components of the LOS channel power caused by having antenna element locations  and  being comparable with the TX-RX 3D distance .
Proposal 11: RAN1 to study attributing physical locations to clusters and their associated rays for near-field NLOS channel characterization.
Proposal 12: The small-scale NLOS power of near-field channel is given by

where  and  denote the NLOS arrival and departure angles of the receive antenna element  and transmit antenna element , respectively, corresponding to ray  within cluster .
Proposal 13: For near-field channel, define NLOS pathloss between transmit antenna element  and receive antenna element  through cluster .
Proposal 14: Use the following parameters for defining NLOS pathloss :
· : Height of the transmit antenna element  at BS.
· : Height of the receive antenna element  at UT.
· : 3D distance between transmit antenna element  and cluster n.
· : 3D distance between receive antenna element  and cluster n.
· : 2D distance between transmit antenna element  and cluster n.
· : 2D distance between receive antenna element  and cluster n.
Proposal 15: RAN1 to study and identify potential impact(s) (if any) on large-scale components of the NLOS channel power caused by having antenna element locations  and  being comparable with the TX-cluster-RX distance .
Proposal 16: RAN1 to consider defining soft criteria for leveraging near-field models and state that near field modelling is applicable for evaluation scenarios that contain links that meet such criteria.
· FFS: criteria for near-field model consideration.
Proposal 17: For study of near-/far-field conditions, RAN1 considers different near-/far-field conditions for large-scale and small-scale parameters of the channel.
Proposal 18: For study of near-/far-field conditions for small-scale channel parameters, RAN1 considers different near-/far-field conditions for channel amplitude and channel phase.
Proposal 19: Define the near-/far-field condition for LOS channel phase as follows: The distance  between the origin of the transmit-side GCS and the origin of the receive-side GCS is smaller/larger than the far-field distance , where the far-field distance  is defined as the smallest distance such that for any  and ,  for .
· FFS the value of .
Proposal 20: For determination of near-/far-field condition for NLOS channel, consider the following options:
· Option 1: Far-field/near-field determination per TX-cluster and cluster-RX links;
· Option 2: One Far-field/near-field determination for TX-cluster links and one far-field/near-field determination for cluster-RX links;
· Option 3: Far-field/near-field determination per TX-cluster-RX links;
· Option 4: Far-field/near-field determination for the entire NLOS channel;
· Option 5: Far-field/near-field determination for the entire channel (including both LOS and NLOS).
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Appendix A – Derivation of TX-RX Antenna Element Distance in Near-field Region
We start with

where , , and , and the Taylor series for  was used to derive the last expression. Therefore,
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