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1. INTRODUCTION
In RAN1 #116b meeting, RAN1 began the discussion on the extension of the existing channel model for near-field study in FR3, resulting in the following agreements [1], 
 
	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.
· [bookmark: _Hlk164993091]Option-2: Determined by the antenna element locations of both TRP and UE

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 contribution, we provide our views on aspects related to the extension of TR38.901 channel model for FR3 (7-24GHz).

2. BACKGROUND
In discussion related to near-field transmission channel, the Rayleigh distance (RD) can be estimated by 𝑅D=2𝐷2/𝜆, where 𝐷 is the effective antenna aperture for a given antenna system. As the operating frequency increases, the value of  may become comparable against the cell-size, and hence more UEs may be exposed to a near-field transmission. Another view on the Rayleigh distance is the distance required such that the phase error of the channel caused by the far-field approximation does not exceed π/8. From propagation and channel perspectives, the transmission wave can no longer be assumed as a planar wave, as it transforms to a spherical wave. As such, instead of a front wave with a linear phase progression, a spherical wave with a non-linear phase progression must be considered.



[bookmark: _Ref165644529]Figure 1 – Different regions of transmission for 65×65 antenna array at 10 GHz

3. DISCUSSION 
Fresnel Distance
The Rayleigh distance is defined as the distance required such that the phase error of the channel caused by the far-field approximation does not exceed π/8. Similarly, the Fresnel distance is defined as the distance required such that the phase error of the channel caused by the Fresnel approximation does not exceed π/8. Fresnel approximation presents Euclidean distance using an approximate 2nd-order Taylor series expansion i.e., , where  and  are the two location vectors. As demonstrated in [1], for planar apertures, an estimate of Fresnel distance for the broadside direction where the Fresnel distance is minimum can be determined as,

To gain some insight on the Fresnel distance, in Figure 2-a and -b, we examine the variation in phase error with distance for the cases of 33×33 UPA and 45×45 UPA with a  antenna spacing at an operating frequency of 10 GHz. For this experiment, the Tx array is placed on XZ plane centred at origin, and the UE distance is varied along the broadside direction ( According to our simulations, the minimum Fresnel distances for the 33×33 UPA and 45×45 UPA test cases are 0.94 m and 1.44 m, that are very close to the theoretical values of 0.96 m and 1.47 m obtained by the  equation. 
In general, Fresnel distance  is a function of the angular orientation, i.e., the azimuth angle ( and the elevation angle (. Hence, it is important to characterize the variation of Fresnel distance across all angular directions  . Figure 2-c and -d, show the variation of Fresnel distance with the angular orientation  for the 33×33 UPA and 45×45 UPA, respectively. As we noted before, the minimum Fresnel distance occurs at the  broadside direction. Furthermore, we can see that there are multiple angular orientations that could lead to maximum Fresnel distance   which is around  and  for the 33×33 UPA and 45×45 UPA, respectively. 

Observation 1: Based on the conducted simulation and analysis, even the maximum Fresnel distance, , is small and significantly less than the Rayleigh distance ; questioning the necessity of its consideration for near-field channel studies.

Proposal 1: For the objective of near-field channel modelling, Fresnel distance can be ignored. 



[bookmark: _Ref165644439]Figure 2 - Fresnel Distance analysis under free space propagation in NF region

Channel coefficient generation in TR 38.901
According to agreement from the last meeting, 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. However, whether the same or different implementations, e.g., procedures/equations, are used for near- and far-field channel realization are to be studied.

According to TR 38.901 [3], the procedure for channel coefficient generation comprises of 12 steps, each involving modelling of a different aspect of the wireless channel. For FR3 NF stochastic channel modelling in Rel-19, the goal is to verify the relevance, functionality, and associated parameters for each of the 12 steps from the perspective of a NF transmission. The degree of change may vary from one step to another, and changes in one step may be more involved than the other. However, it should be noted that FR3 channel modelling does not necessarily require a fundamental change neither in the general procedure, nor in the basic principle of processing for most of the steps. 

Based on the existing procedure in TR 38.901 (Figure 7.5-1), Figure 3 shows the proposed changes in the procedure for generation of channel coefficients for FR3 NF channel model. In our view, only some of the processing steps need to be enhanced, while the remaining steps may remain unaffected. In the following, we briefly discuss why Steps 4, 5, 6, 7 and 11 are required to be modified. 


· Step 3 deals with pathloss (PL) calculation. In TR 38.901, the PL computation covers various propagation scenarios, e.g., indoor office, large indoor hall, indoor-to-outdoor, urban micro-cell, outdoor-to-indoor, suburban macro-cell, urban macro-cell, rural macro-cell, and rural moving networks, etc. The current PL model is developed based on WINNER II measurements results [6], as well as other measurement campaigns reported in academia. For the NF scenario, the PL model may require some modifications to account for the contributions from different array elements. More precisely, the contributions from different phased array elements need to be modelled separately in terms of distances and experienced phase shifts. Hence, for NF application, a different PL model than FF should be considered. 

· Step 4 is related to generation of correlated large-scale parameters (DS, AS, SF, K). Similar to Steps 1 & 2, we don’t expect that any major revision would be needed for this processing step, and only the supported range of some parameters may need to be adjusted. 



[bookmark: _Ref162533942]Figure 3 - Proposed NF channel coefficient generation procedure [4]


· In Step 5, for NF channel modeling, the delay generation mechanism should be enhanced to account for supporting the spherical wave and non-stationarity property of the NF direct and non-direct path. Having NF transmission in mind, attributes related to clusters (e.g., delay, location, or location equivalent information) for NF are generated, from which, corresponding delay for each path and cluster are determined. 

· In Step 6, NF cluster shadowing powers may be related not only to exponential power delay profile but may also depend on the distance information. The cluster shadowing power may need to consider NF effect and its stochastic property. The exponential decay behaviors of cluster power with respect to their delays, which has been reported in conventional SCM/SCME in TR 38.901, are not observed in NF measurements [4]. Therefore, TR 38.901 cluster shadowing power needs to be revisited for NF. 

· In Step 7, in the NF channel modeling, the spherical wave channel model should be assumed, and the location separation of the Tx-Rx antenna elements could not be ignored in calculating the arrival angles and departure angles. Therefore, the Tx antenna elements dependent departure angles should be considered and generated for each ray , each cluster  and each transmit antenna element ; and Rx antenna elements dependent arrival angles should be generated for each ray , each cluster  and each receive antenna element . The Tx or Rx antenna elements dependent departure angles can be obtained from the cluster/scatterer coordinates and the Tx or Rx antenna element coordinates.  

· In Step 11, the parameters generated in the previous steps are combined to form NF LOS/direct path and NLOS/non-direct path channel coefficients. The channel impulse response is given by adding the NF LOS channel coefficient to the NLOS channel impulse response and scaling both terms according to the desired K-factor in TR 38.901 Eq. (7.5-30).

Observation 2: It may be possible to extend the existing stochastic channel model by introducing some additional processing step or parameters. 

Proposal 2: Support a unified framework for NF and FF channels, such that the existing FF channel model becomes a special case of the proposed unified FF-and-NF channel model.  

FF/NF LOS Channel Model
In the last meeting, some parameters were identified for potential consideration for antenna element-wise channel characterization of LOS path between TRP and UE, namely, angular domain parameters (i.e., AoA, AoD, ZoA, ZoD), delay, initial phase, Doppler shift, Amplitude. Further, two options on how such parameters can be applied were discussed for down-selection,
· Option-1: Determined by the locations of both TRP and UE.
· Option-2: Determined by the antenna element locations of both TRP and UE

In our view, from the perspective of FF channel modelling, there is no difference between the two options, however Option-1 seems simple and sufficient. On the other hand, to have a valid unified channel model for NF and FF usage, such parameters need to be defined per antenna element locations of both TRP and UE, thus Option-2 should be adopted.  It is also worth mentioning that Option 2 is inclusive of Option 1, as locations of both TRP and UE will be captured when antenna element locations of both TRP and UE are considered. 

Observation 3: From the perspective of FF channel modelling, there is no difference between the two options, however, to have a valid unified channel model for NF and FF usage, such parameters need to be defined per antenna element locations of both TRP and UE.

Proposal 3: Support Option-2, where antenna element-wise channel parameters of direct path between TRP and UE are determined by the antenna element locations of both TRP and UE.

Since in the analysis and modelling of FF channel, planar wave is assumed, the cluster location (or equivalent information) need not be considered. However, to support the NF spherical wave for the generation of NF LOS and NLOS channel coefficients, it requires the cluster location (or other alternative/equivalent presentation, e.g., using the distance information and spherical unit vector) for calculating the distance information between Tx-Rx pair antenna elements . For any Tx-Rx pair , as shown in Figure 3, the Euclidean distance information is necessary to determine the corresponding  LOS channel coefficient. For example, the channel model for LOS path between any Tx-Rx pair  can be expressed as follows wherein the Doppler term is ignored for brevity of presentation,
 
,

Where  is the channel amplitude dependent on the location of Tx-Rx pair  and  and  are the position vectors of of Tx-Rx pair  based on Global Coordinate System (GCS), respectively. If the definition of  and  are relative to UE and TRP locations, then the equation can be expressed as,
 
.

By relying on Fresnel approximation, when the  is greater than the Rayleigh distance, the Euclidean distance term can be approximated as,
 
. 

Since , then the LOS path can be further simplified as,

. 

Therefore, it can be observed that the formulated FF LOS channel model in TR 38.901 becomes a special case of NF channel model. In this approach, a unified model can be achieved for the NF- and existing FF under the structure of existing stochastic model TR 38.901. In the above presentation of the FF LOS channel model,  should be generated for every Tx-Rx pair , which means consideration of s-dependent departure angles ( and ) and u-dependent arrival angles ( and ). 

Therefore, the overall NF/FF channel model for LOS model can follow the general formulation,

,
where 
   

As demonstrated, depending on the Tx-RX distance, the above presentation of the LOS channel model can exhibit either of NF and FF channel models, where the resulted FF channel model approaches the existing channel model in TR 38.901 (Eq. 7.5-29). The complete derivation of Eq. 7.5-29 of TR 38.901 using the presented formulation for when  can be found in Appendix.  



[bookmark: _Ref164981443]Figure 4 – The Euclidean distance of a Tx/Rx pair  and  in LOS/direct path for UPA 

Observation 4: Using Fresnel approximation for NF LOS, it is demonstrated that the FF LOS model in TR 38.901 becomes a special case of NF LOS channel model. In this manner, a unified model can be devised to support both NF and existing FF channels, under the structure of existing stochastic model TR 38.901.

Proposal 4: Support the following unified formulation for generation of LOS channel coefficients,
 
,
where, 
.   

FF/NF NLOS Channel Model
For NLOS channel modelling, clusters are used to emulate various features of an NLOS channel. Depending on the complexity of propagation, more than one cluster may be used. Figure 4 shows channel modelling with a twin-cluster set up. As demonstrated, the propagation delay of the -th ray of the -th cluster is assumed to be the sum of three components. The first component is calculated according to the geometrical relationships between the Tx antenna arrays and first cluster location. The second component abstracts the distance of the virtual link between the twin clusters and the third component is calculated according to the geometrical relationships between the Rx antenna arrays and last cluster/scatterer locations.
 
[bookmark: _Hlk161188343]The distance information can be derived from the explicit coordinates of the -th cluster or other equivalent information, e.g. the directional angular and the distance information. Therefore, to support the channel coefficients generation for Step 7, major modification for Step 5 may be necessary. For example, for the -th ray in -th cluster, the cluster delay  for multi-bounce cluster can be expressed as,
 
,

where ,  and  are the propagation distance between -th Rx antenna and last bounce cluster (LBC) location , the propagation distance between -th Tx antenna and first bounce cluster (FBC) location  and propagation distance of the virtual link between LBC and FBC, respectively. The constant  represents the light speed. For the case of a single bounce, the distance of the virtual link is equal to zero, i.e., . 

For NF channel modelling, the distance, and relative angles between each Tx-Rx antenna pair and cluster contribute to the phase of each channel coefficient. Therefore, the NLOS channel model coefficients can be formulated as the following equation for NF,

,

where the   is the channel amplitude/gain. The  and  are the position vectors of the Rx antenna element 𝑢 and Tx antenna element .  The phase terms  and  exhibit the expected non-linear phase behaviour associated with NF spherical wave. 

The phase behaviour in NF can be demonstrated as follows. First, Euclidean distances are approximated using the Fresnel approximation, i.e., 2nd order Taylor series expansion, and then the corresponding Fresnel approximation assumption is applied. To demonstrate this property, location vector information is expressed as the product of the distance from the array centre to mth ray in the cluster n with the spherical (unit) vector. For example, the location of the first bounce cluster can be expressed as , the Fresnel approximation of  can be expressed as,                                                                                                                                    
,

similarly, 
.

Therefore, the phase terms in  can be approximated to,
 
,    

by which, as the distances and increase, the above formulation approaches the existing formulation in TR 38.901 (Eq. 7.5-28). Similar to the LOS case, it can be observed that the formulated FF NLOS channel model in TR 38.901 becomes a special case of NF channel model. 



[bookmark: _Ref161067140]Figure 5 - Multi-bounce clusters in an NLOS propagation in a NF channel

As in the case of LOS,  should be generated for every Tx-Rx pair  and mth ray, which means consideration of s-dependent departure angles and u-dependent arrival angles for every of ray associated to a cluster.  Therefore, the overall NF/FF channel model for NLOS model can follow the general formulation,

.

Observation 5: Using Fresnel approximation for NF NLOS, it is demonstrated that the FF NLOS model in TR 38.901 becomes a special case of NF NLOS channel model. In this manner, a unified model can be devised to support both the NF and existing FF channels, under the structure of existing stochastic model TR 38.901.

Proposal 5: Support the following unified formulation for generation of NLOS channel coefficients,
 
,
where, 
.


From the above discussion, it becomes evident that cluster location information (or the distance information) is essential for NF channel coefficients generation. Therefore, the delay information generation in Step 5 to account for cluster location and cluster delay profile should be revisited.  

Observation 6: The delay information in existing Step 5 is not sufficient to capture the behaviour of spherical wave, because it does not account for cluster location information and cluster delay profile.

Proposal 6: Support consideration of cluster location information or an equivalent information, i.e., distance and the spherical unit vector for the first or the last bounce cluster.

Preliminary Validation of the Unified NLOS Channel Model
	As indicated in the SID [5], the resulting channel model should support a seamless transition between NF and FF transmissions to assure consistency in behaviour of the channel. Therefore, we have analysed the proposed NLOS channel model under different NF/FF conditions. For this study, assuming a single cluster, we partition the NLOS path into two hops, i.e., Tx-Sc (transmitter to cluster) and Sc-Rx (cluster to receiver). Then we examine phase error between the actual spherical-based wave and the proposed unified model. The simulation assumptions are summarized as follows: 
· Known cluster location, 
· Assuming single bounce cluster,
· Operating frequency of 10 GHz,
· Tx: a 45×45 UPA with an antenna element spacing of  , i.e., ≈ 1m, located at (0,0,0),
· Rx: a 3×3 UPA with an antenna element spacing of  , located at (0, , 0),
· A fixed propagation delay of  = 0.167 .

For the given propagation delay  for the NLOS propagation path, we consider different possible locations for the scatterer. Note that if the propagation delay is fixed at  the corresponding propagation distance is  which is a constant, i.e., 50 m for  = 0.167 . Hence, as shown in Figure 6, the locus of points representing the possible scatterer locations follow an ellipsoid geometry. 
[image: A diagram of a cell
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[bookmark: _Ref165536795]Figure 6 - Possible locations for the single bounce scatterer 

To investigate the phase error behaviour, we further define  and  as the Rayleigh distance corresponding to the Tx - Sc and Sc - Rx NLOS transmission hops, respectively. Here,   and denote the Tx aperture and Rx aperture, respectively. Figure 7 shows a subset of cluster locations. Based on possible cluster locations, four different hypotheses for transmission characteristics of each hop can be considered,
· FF-FF: Far field approximation for both Tx-Sc and Sc-Rx channels, 
· FF-NF: Far field approximation for Tx-Sc channel, and near-field approximation for Sc-Rx channel,
· NF-FF: Near field approximation for Tx-Sc channel, and far-field approximation for Sc-Rx channel,
· NF-NF: Near field approximation for both Tx-Sc and Sc-Rx channels.
[image: A diagram of a graph
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Figure 7 - Subset of possible cluster locations

Table 1 shows sample cases of the phase approximation errors where in all presented cases, the TX-Sc channels are near-field, while the Sc-RX channels are far-field. As can be seen, both cases of NF-FF and NF-FF, where an approximated NF assumption is used for the Tx-Sc channel, produce a very small phase error. Thus, in effect, per presented results in Table 1, employing an NF-FF approximation works well in terms of the phase error performance.

Table 1 
	Tx - Sc 
 (Hop 1)
	Sc - Rx
 (Hop 2)
	Maximum phase error in radians

	Length (m)
	>
	Length (m)
	 >
	FF-FF
	FF-NF
	NF-FF
	NF-NF

	
	
	
	
	Hop 1
	 Hop 2
	 Total
	Hop 1
	 Hop 2
	 Total
	Hop 1
	 Hop 2
	 Total
	Hop 1
	 Hop 2
	 Total

	40.86
	No
	9.14
	Yes
	0.610
	0.005
	0.615
	0.610
	0.000
	0.610
	0.000
	0.005
	0.005
	0.000
	0.000
	0.000

	25.00
	No
	25.00
	Yes
	0.996
	0.002
	0.998
	0.996
	0.000
	0.996
	0.006
	0.002
	0.008
	0.006
	0.000
	0.006

	10.35
	No
	39.65
	Yes
	2.406
	0.001
	2.407
	2.406
	0.000
	2.406
	0.041
	0.001
	0.042
	0.041
	0.000
	0.041




Next, we consider a case where the possible cluster locations are kept closer to the Rx array.  For this case, Sc -Rx separation is less that  with an NLOS propagation distance of 31.75 m. As shown in Table 2, similar to the previous case, consideration of cluster location, i.e., acknowledgment of a NF regime is key in achieving a small phase error.

Table 2
	Tx - Sc 
 (Hop 1)
	Sc - Rx
 (Hop 2)
	Maximum phase error in radians

	Length (m)
	 >
	Length (m)
	 >
	FF-FF
	FF-NF
	NF-FF
	NF-NF

	
	
	
	
	Hop 1
	 Hop 2
	 Total
	Hop 1
	 Hop 2
	 Total
	Hop 1
	 Hop 2
	 Total
	Hop 1
	 Hop 2
	 Total

	31.715
	No
	0.035
	No
	0.785
	1.238
	2.024
	0.785
	0.125
	0.910
	0.000
	1.238
	1.238
	0.000
	0.125
	0.125

	31.562
	No
	0.188
	Yes
	0.789
	0.250
	1.039
	0.789
	0.011
	0.800
	0.000
	0.250
	0.250
	0.000
	0.011
	0.011



Observation 7: For NLOS path, the Tx-Sc and Sc-Rx channels can be independently modelled using NF or FF approximations depending on relative distance between Tx, Rx and cluster locations, and the Tx and Rx aperture sizes.

Proposal 7: Support independent modelling of Tx-Sc and Sc-Rx channels based on NF and FF approximation.


Spatial Non-stationary Properties:
In NF, due to the large array size, and relative proximity of a receiver, different spatial channels can be observed by different antenna elements in the array. In other words, as shown in Figures 8 (a) and (b), even objects with relatively small size can no longer be assumed to be a mere scatterer as they may impact transmission from some antenna elements more than others. For example, as shown in Figure 8 (a), a partial blockage of panel may completely block some direct path of Tx-Rx pair . In another example, as shown in Figure 8 (b), some clusters may be completely blocked for some Tx-Rx pair .  Therefore, spatial non-stationarity in a NF transmission is an indication that channel correlation across each pair of array elements depends on their actual locations and partial blocker location information. 

In the last meeting [1], two following options for modelling of spatial non-stationarity were identified for further discussion and decision,
· Option 1: Introducing per ray/cluster the visible probability, or visibility region for set of antenna elements,
· Option 2: Introducing the physical blocker to emulate the blockage impact on the link for each element-pair.   
In our view, Option 2 may be more difficult to implement and verify, as it would trigger further discussion on how its size, exactly its blockage to be characterised. However, we find Option 1 more flexible, effective, and easier to implement and verify.

Observation 8: Introducing the physical blocker to emulate the blockage seems more difficult to implement and verify, as it would trigger further discussion on how its size, and its blockage behaviour to be characterised.
 
Proposal 8: Support Option 1, where per cluster, the visible probability, or visibility region is defined for f modelling of spatial non-stationarity.


[bookmark: _Ref162533905]Figure 8 - Spatial non-stationary hidden clusters in NF regimes (a) Antenna element is blocked in a LOS path/ray (b) a cluster is blocked in a NLOS path/ray


4. CONCLUSIONS
In this contribution, we shared and discussed our views for Rel-19 FR3 NF channel modeling. Based on presented discussions, following observations and proposals are made,

Observation 1: Based on the conducted simulation and analysis, even the maximum Fresnel distance, , is small and significantly less than the Rayleigh distance ; questioning the necessity of its consideration for near-field channel studies.

Observation 2: It may be possible to extend the existing stochastic channel model by introducing some additional processing step or parameters. 

Observation 3: From the perspective of FF channel modelling, there is no difference between the two options, however, to have a valid unified channel model for NF and FF usage, such parameters need to be defined per antenna element locations of both TRP and UE.

Observation 4: Using Fresnel approximation for NF LOS, it is demonstrated that the FF LOS model in TR 38.901 becomes a special case of NF LOS channel model. In this manner, a unified model can be devised to support both NF and existing FF channels, under the structure of existing stochastic model TR 38.901.

Observation 5: Using Fresnel approximation for NF NLOS, it is demonstrated that the FF NLOS model in TR 38.901 becomes a special case of NF NLOS channel model. In this manner, a unified model can be devised to support both the NF and existing FF channels, under the structure of existing stochastic model TR 38.901.

Observation 6: The delay information in existing Step 5 is not sufficient to capture the behaviour of spherical wave, because it does not account for cluster location information and cluster delay profile.

Observation 7: For NLOS path, the Tx-Sc and Sc-Rx channels can be independently modelled using NF or FF approximations depending on relative distance between Tx, Rx and cluster locations, and the Tx and Rx aperture sizes.

Observation 8: Introducing the physical blocker to emulate the blockage seems more difficult to implement and verify, as it would trigger further discussion on how its size, and its blockage behaviour to be characterised.


Proposal 1: For the objective of near-field channel modelling, Fresnel distance can be ignored. 

Proposal 2: Support a unified framework for NF and FF channels, such that the existing FF channel model becomes a special case of the proposed unified FF-and-NF channel model.  

Proposal 3: Support Option-2, where antenna element-wise channel parameters of direct path between TRP and UE are determined by the antenna element locations of both TRP and UE.

Proposal 4: Support the following unified formulation for generation of LOS channel coefficients,
 
,
where, 
.   


Proposal 5: Support the following unified formulation for generation of NLOS channel coefficients,
 
,
where, 
.


Proposal 6: Support consideration of cluster location information or an equivalent information, i.e., distance and the spherical unit vector for the first or the last bounce cluster.

Proposal 7: Support independent modelling of Tx-Sc and Sc-Rx channels based on NF and FF approximation.

Proposal 8: Support Option 1, where per cluster, the visible probability, or visibility region is defined for f modelling of spatial non-stationarity.


5. APPENDIX 
Derivation from Eq. (1) to TR 38.901 (FF) LOS Eq. 7.5-29
In this appendix, we demonstrate the FF channel model Eq. 7.5-29 in TR 38.901 LOS channel coefficient can be derived from Eq. (1).   In TR 38.901 LOS Eq. 7.5.29 is expressed as follows:
 



To demonstrate TR 38.901 LOS Eq. 7.5-29, the following assumption is made,

· Uniform power assumption (UPD): , the channel amplitude can be present by a single  and  can present angular information AoA, AoD, DoA and DoD angles of Tx/Rx pair  and .
· Linear phase assumption (plane wave) after Rayleigh distance.     

First,  and  are the position vectors of the receive antenna element 𝑢 and transmit antenna element , given in GCS. The propagation distance for the link between the -th Rx element and the -th Tx element can be expressed as,

 (A.1)
By  and , the resulting distance  (A.1) can be reformulated in the following ways,


	
	
	(A.2)


where the last step is obtained by the Taylor expansion  for . By the FF approximation, only the first three (linear phase) terms in (A.2) are considered, i.e., plane wave channel model. Therefore, the propagation distance for the FF link between the -th Rx element and the -th Tx element is approximated by,

	
	
	(A.3)



The above equation can also be described using  as,

	
	
	(A.4)



Moreover, plugging  into (A.4) results in,

	
	
	(A.5)



Equations (A.4) and (A.5) are two different ways to express the approximate distance between the -th Rx element and the -th Tx element for FF channel model. In what follows, two different expressions for FF channel coefficients are presented. The first one, which is based on (A.4), matches with the equation 7.5.29 in 3GPP TR 38.901, and the second one, which is based on (A.5), matches with the equation D-27 in METIS Channel Models (D1.4) [16]. Employing equation (A.4), the channel coefficient can be expressed as,

	
	
	(A.6)



Another view from the geometric illustrations for TR 38.901 LOS channel model Eq. 7.5.29 is illustrated in Figure 11. From FF assumption (plane wave), the propagation distance for a Tx/Rx pair  and  can be approximated to the distance between Tx plane and Rx plane as shown in Figure 10 and agree with (A.3).


Figure 11 Geometric illustration for FF channel model (planar wave channel model)
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