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1. [bookmark: _Ref18181]Introduction
In RAN#101, the discussion on channel model for 7-24 GHz has been conducted with following summary on the scope [1]:
	[bookmark: _Hlk151973856]RAN1-led study objectives to:
· Validate using measurements the channel model of TR38.901 for 7-24 GHz, and 
· To adapt/extend as necessary the channel model of 38.901 for at least 7-24 GHz, including at least the following aspects for applicable scenarios: 
· Near-field propagation; 
· Spatial non-stationarity.
Note that continuity of the channel model in the frequency domain shall be ensured.
Note that mathematical and/or theoretical aspects (if any) may be studied before results of measurement campaigns are available. Study of measurement results is likely to be able to start in Q3 2024.


In this contribution, the views on each objective are elaborated. In addition, general thoughts on the methodology and workplan are proposed.
1. Discussion on the channel characteristic
2.1 Overall channel model for new spectrum 7-24 GHz
As summarized in the TR 38.901[2], extensive measurement results from different sources, e.g., companies within 3GPP and external organization, have been collected to develop the channel model with generic parameters (e.g., PL, DS, ASD, ASA, ZSA, ZSD in section 7.5), which are modelled in frequency-dependent manner.
Among all data sources, especially listed in the [3], it can be found that a lot of measurement results within/around the frequency range (7-24 GHz) have been provided, e.g., 6/6.75 GHz, 8.45 GHz, 11 GHz, 19 GHz. Based on these results, the intrinsic features for the target frequency range have been well considered.
Additional, according to the existing model as illustrated in Figure 1, it can be found that the changes of the parameters over frequency are limited within the interested frequency range, which is in general aligned with the observation cross adjacent carriers. Thus, using the existing model can provide the accurate results with high confidence level. 
[image: ]               [image: ]
[bookmark: _Ref151926810]Figure 1 Illustration of large-scale parameter for UMi - Street Canyon (referred to model in TR 38.901)
Then, for the following objective:
	· Validate using measurements the channel model of TR38.901 for 7-24 GHz


Regarding the updates of generic parameters, it seems that limited efforts can be expected unless significant difference/gap is identified based on the multiple calibrated sources per scenario. For others, potential study can be considered if new use case or deployment scenario (e.g., distributed MIMO) is foreseen in target band.
In addition, to validate the model, except for the “accuracy” in the interested frequency range, other metrics, e.g., continuation overall 0.5-100 GHz, should be ensured. Otherwise, it will lead to inconsistent evaluation results between 5G-A and 5G, and also incomparable results among different frequencies. 
Observation 1: Sufficient measurement results within/around 7-24 GHz have been considered to develop the frequency-dependent channel model in TR 38.901 at least for the generic channel model and parameters. 
Proposal 1: For the “Validate using measurements the channel model of TR38.901 for 7-24 GHz”, the following objective can be considered:
	· Validate and update (as necessary) the existing model in TR 38.901 for 7-24 GHz
· Note-1: Validation of channel model include the large-/small-scale model and additional modelling components.
· Note-2: The continuity of the channel model in the frequency domain shall be ensured.
· Note-3: The update is introduced per scenario/feature if significant mismatch is identified.


2.2 Modelling of specific feature
The modeling component of spatial domain feature has huge impacts on the performance of physical layer techniques, especially for MIMO evaluation. In general, in existing stochastic model, the following assumptions are taken as baseline:
· A-1: Far-field with plane wave-front
· A-2: Spatial consistency cross antenna elements within same antenna
· A-3: Site-specific correlation type for spatial consistency.
However, considering the development of the antenna techniques and various deployment scenario, the above three aspects should be revisited, more specifically:
For the case with large antenna array, e.g., centralized antenna in same site, the distance between Tx and UE or Tx and surrounding cluster may be within the Fraunhofer distance. Then, as the example shown in Figure 2, the observed channel parameters (e.g., phase, delay, AoA, AoD) will be different and the A-1 assumption above is not applied. This situation will be even significant in case of deployment of distribute antenna. Additionally, the number of rays observed per element may also change, which will lead to different observation compared to the A-2. 
[image: ]
[bookmark: _Ref151972863]Figure 2 Illustration of the CIRs over element in Indoor LoS [4]
Moreover, based on the A-3 as highlighted in Table 7.6.3.4-1[2], the existing implementation of spatial consistency in site specific way only reflects the consistency of channel parameters among UEs served by same site. The consistency between different distributed antennas or TRPs is not modelled.  
Table 7.6.3.4-1: Correlation type among TRPs in [2]
	Parameters
	Correlation type

	Delays
	Site-specific

	Cluster powers
	Site-specific

	AOA/ZOA/AOD/ZOD offset
	Site-specific

	AOA/ZOA/AOD/ZOD sign
	Site-specific

	Random coupling
	Site-specific

	XPR
	Site-specific

	Initial random phase
	Site-specific

	LOS/NLOS states
	Site-specific

	Blockage (Model A)
	All-correlated

	O2I penetration loss
	All-correlated

	Indoor distance
	All-correlated

	Indoor states
	All-correlated


Then, to ensure the fair performance evaluation, the updates on the existing assumption seems necessary. 
So, in addition to the two points under the 2nd objective, the revision of the spatial consistency cross different TRPs in non-co-located deployment should also be considered.
	· [bookmark: _Hlk151973791]Spatial consistency among links between one UE to different non-co-located entities 


Observation 2: Different channel parameters (e.g., DS, AoA) originated from same cluster are observed cross elements belong to one antenna panel. 
Proposal 2: The following scope should be considered to ensure the performance evaluation for advanced spatial techniques.
	· Extend (as necessary) the channel model of TR 38.901 to include at least the following aspects for applicable scenarios: 
· Near-field propagation; 
· Spatial non-stationarity;
· Spatial consistency among links between one UE to different non-co-located entities 


Although the scope of this item is to mainly study the new spectrum around 7-24GHz, we should not preclude the applicability of the new features like near-field propagation and spatial non-stationarity to the other spectrum especially the spectrum close to 7-24GHz e.g. 6GHz.  Therefore, “7-24GHz” is not mentioned in proposal 2 with this understanding.   Otherwise, a note should be added to include the consideration on applicability of new features to the other spectrum e.g. close to 7-24GHz. 
2.3 Analysis on the impact for different modelling methodology
In general, to model the feature listed in section 2.1 and 2.2, the relevant changes will be reflected in the procedure for channel realization of stochastic model, e.g., section 7.5. 
Meanwhile, in TR 38.901, the map-based hybrid channel model is also provided as the “Alternative channel model methodology”. For this approach, due to the intrinsic characteristic of deterministic approach, e.g., Ray-tracing with per element pair channel realization, the channel properties over spatial and frequency domain for the deterministic cluster (e.g., dominant path) can be ensured. Regarding the other paths, i.e., random cluster, the similar changes as stochastic model can also be applied.
[bookmark: _GoBack]Furthermore, considering the tradeoff between accuracy and simulation complexity for map-based channel model, in case of large-scale antenna, instead of the per element channel realization for determination cluster, the approximation similar to the stochastic model can also be considered.
Proposal 3: The updates of the channel realization for spatial domain feature can be considered for both stochastic and map-based hybrid channel model methodologies.

1. Conclusion 
In this contribution, the detailed views on the channel model for 7-24 are provided with following observations and proposals:
Observation 1: Sufficient measurement results within/around 7-24 GHz have been considered to develop the frequency-dependent channel model in TR 38.901 at least for the generic channel model and parameters. 
Proposal 1: For the “Validate using measurements the channel model of TR38.901 for 7-24 GHz”, the following objective can be considered:
	· Validate and update (as necessary) the existing model in TR 38.901 for 7-24 GHz
· Note-1: Validation of channel model include the large-/small-scale model and additional modelling components.
· Note-2: The continuity of the channel model in the frequency domain shall be ensured.
· Note-3: The update is introduced per scenario/feature if significant mismatch is identified.


Observation 2: Different channel parameters (e.g., DS, AoA) originated from same cluster are observed cross elements belong to one antenna panel. 
Proposal 2: The following scope should be considered to ensure the performance evaluation for advanced spatial techniques.
	· Extend (as necessary) the channel model of TR 38.901 to include at least the following aspects for applicable scenarios: 
· Near-field propagation; 
· Spatial non-stationarity;
· Spatial consistency among links between one UE to different non-co-located entities 


Proposal 3: The updates of the channel realization for spatial domain feature can be considered for both stochastic and map-based hybrid channel model methodologies.
Then, the Suggested objective and work plan are listed below:
	RAN1-led study objectives to:
· Validate and update (as necessary) the existing model in TR 38.901 for 7-24 GHz
· Note-1: Validation of channel model include the large-/small-scale model and additional modelling components.
· Note-2: The continuity of the channel model in the frequency domain shall be ensured.
· Note-3: The update is introduced per scenario/feature if significant mismatch is identified.
· Extend (as necessary) the channel model of TR 38.901 to include at least the following aspects for applicable scenarios: 
· Near-field propagation; 
· Spatial non-stationarity;
· Spatial consistency among links between one UE to different non-co-located entities
Note-1: The mathematical and/or theoretical aspects (if any) starts from Q2 in 2024 before results of measurement campaigns are available. 
Note-2: The collection of measurement results starts from Q3 in 2024.
Note-3: The extension of channel model can also be optionally applied for the map-based hybrid channel model methodology.


1. References
[1] [bookmark: _Ref151923194][bookmark: _Hlk145508576]RP-232617, Moderator's summary for REL-19 RAN1 topic ISAC & Exploring Study in New Spectrum (7-24GHz), RAN#101
[2] [bookmark: _Ref151924626]3GPP TR 38.901, Study on channel model for frequencies from 0.5 to 100 GHz.
[3] [bookmark: _Ref151924952]R1-1909706, List of measurements
[4] [bookmark: _Ref151972844]Z. Yuan, J. Zhang, Y. Ji, G. F. Pedersen and W. Fan, "Spatial Non-Stationary Near-Field Channel Modeling and Validation for Massive MIMO Systems," in IEEE Transactions on Antennas and Propagation, vol. 71, no. 1, pp. 921-933, Jan. 2023, doi: 10.1109/TAP.2022.3218759.
14

image1.png
Delay spread (DS) in LoS

-7.696
-7.698

<17
-7.702
-7.704
-7.706

-7.708
5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Fc (GHz)




image2.png
18
16
14
12

08
06
04
02

Angular spread in NLoS

56 7 8 910111213141516171819202122232425
Fc (GHz)

= AOA spread
=——AOD spread




image3.png
Measured-LoS

Power [dB]

x
[}
°
K=
€
9]
£
D,
o
©
c
c
2
c
<

30
Propagation delay [ns]





