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1. INTRODUCTION
In the last plenary meeting, the scope of channel modeling in Rel-19 was discussed. Based on the discussion, it was decided to focus the channel modeling effort only on ISAC and FR3 where each topic will be treated in a separate study item [1]. Further, according to RAN chairman guidance, there will be a total of 1 TU allocated for FR3 (7-24GHz) channel modeling in Rel-19 [7].
 
Based on the discussion, the following objectives identified as the way forward for the next step. In this contribution, we provide our views on the scope of FR3 channel modeling in Rel-19.
 
	RAN1-led study objectives to:
0. [bookmark: _Hlk151623574] validate using measurements the channel model of TR38.901 for 7-24 GHz, and 
0. 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: 
1. Near-field propagation; 
1. 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.




2. DISCUSSIONS
Background
Since Rel-15, FR1 (0.410 – 7.125 GHz) and FR2 (24.25 – 52.6 GHz) have been the main frequency ranges of interest for NR services. FR1, mainly due to its lower pathloss characteristics, has been instrumental for macro-cell operation, while FR2 with its vast available bandwidth has been effective to complement FR1 operation by supporting very high throughput for small high-density cells. The frequency range FR3 (7.125 – 24.25 GHz) resides between FR1 and FR2, and it has been of much interest for potential use by emerging new transmission schemes and scenarios to further enhance coverage as well as system capacity simultaneously.

In Rel-16, 3GPP conducted a feasibility study of FR3 operation from the perspectives of regulatory framework, general RF characteristics, as well as BS- and UE-specific aspects; however, the study fell short of looking into channel modelling aspects [3]. In Rel-17, in TR 38.901, 3GPP completed the study of channel models for frequency spectrum above 6 GHz [4]. The technical report provided a reasonable set of channel models to support various evaluations of physical layer techniques by RAN1. 

Summary of Shortcomings of the Existing Channel Modelling Procedure for FR3
· Limited verification and measurements for far-field transmission: The developed channel models in TR 38.901 were intended to support the entire frequency range of 0.5-100 GHz. However, there seem to be some potential issues worth visiting before committing to perform evaluation of FR3 using the existing channel models in TR 38.901. Here we cite a couple of more obvious examples,
· In the report, it has been stated that RMa pathloss model for >7 GHz is validated based on a single measurement campaign conducted at 24 GHz. Hence further evaluations may be needed to confirm the current assumptions for the case of RMa at other frequencies of FR3 band [3].
· In another example, for the definition of the range of RMS delay spread for Urban macro, only two companies participated in measurements that has a significantly less level of verification than other cases where there were as many as 8 companies reporting their measurement results [3].
· Absence of a channel model for near-field transmission: Near-field communications is among the main technologies considered for adoption by 6G. Therefore, it is vital to consider implications of near-field transmission as part of channel studies for FR3. Unfortunately, throughout TR 38.901, all transmission properties have been based on far-field assumption where a planar wave with a linear phase progression is assumed, while for the near-field case, a spherical wave with a non-linear phase progression has to be considered. 

Path Forward for Channel Modeling in FR3
Based on the above points and discussion in the last meeting, the scope of the work for FR3 channel modelling is split between two main activities,
· Validation of the existing far-field channel model in TR38.901 through further measurements, 
· Adapt/extend the existing channel model in 38.901 to support near-field transmission by considering at least the following aspects 
· Near-field propagation, 
· Spatial non-stationarity.

Figure 1 shows the current procedure for generation of channel coefficients employed for far-field transmission in FR3.  For the FR3 far-field channel modelling in Rel-19, the goal is to verify the existing range of parameters used in some of the processing blocks in Figure 1, e.g., pathloss calculation, delay, etc. Therefore, this part of FR3 channel modelling effort does not require any change neither in the general procedure shown in Figure 1, nor in fundamentals of processing in any of the shown blocks.

[image: ]
Figure 1 - Channel coefficient generation procedure [4]

In a near-field transmission channel, as it has been discussed in the literature [5], the Rayleigh distance can be estimated by , where 𝐷 is the antenna aperture for a given antenna system. Unlike the operation in FR1, in FR3, the value of  may quickly become comparable against the cell-size, hence more UEs may be operating in the NF than far-field (FF) zone. For example, as demonstrated in Table 1, with a conservative assumption of an operating frequency of , and with an antenna system with an aperture size of , the estimated Rayleigh distance is that implies a significant number of UEs would be operating in the NF transmission mode if a cell-size with an  is assumed [6]. 
It may be argued that there could be cases of FR3 deployments where antenna systems with small antenna aperture sizes are used. However, even in such case, the reduced antenna gains results in very limited coverage that make the ratio of UEs within NF comparable to those in FF.

Table 1 – Estimate of Rayleigh distance for various FR3 frequencies [image: A green and blue and white table with numbers and red mark
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From the perspective of channel propagation characteristics, operating in the near-field zone has two immediate consequences,
a. The transmission wave can no longer be assumed as a planar wave, as it transforms to a spherical wave,
b. Given the relative larger size of the antenna aperture to the wavelength, each antenna element in the array may experience a different channel multipath characteristic, that results in spatial non-stationarity of the channel.
Therefore, as captured in the way forward from the last meeting, the above issues shall be considered for the FR3 near-field channel modelling study. By referencing the procedure in Figure 1 and considering the main scenarios for near-field channel, only some of the processing blocks may need to be modified to accommodate near-field channel characteristics. Based on the procedure shown in Figure 1, the expected level of impact on each processing block for supporting the near-field channel model, can be summarized as shown in Table 2. 

Table 2 – The expected impact on the procedure for channel coefficient generation
	Processing block
	Expected Impact

	Set scenario, network layout and antenna parameters
	Minor: Restrict scenarios to Umi, Indoor, Indoor industrial

	Assign propagation condition (NLOS/LOS)
	Minor: Potential update of probabilities

	Calculate pathloss
	Minor, if any 

	Generate correlated large scale parameters (DS, AS, SF, K)
	Minor, if any

	Generate delays
	Major: Adapt delay generation mechanism to non-stationarity of near-field channel

	Generate cluster powers
	Minor: Potential update of parameters

	Generate arrival & departure angles
	Major: Adapt to spherical wave

	Perform random coupling of rays
	Minor: Potential update of parameters

	Generate XPRs
	Minor, if any

	Draw random initial phases
	Minor, if any



Observation 1: In Rel-19 FR3 channel modelling,
· For the far-field validation, the effort does not require any change in the general procedure of channel coefficient generation. 
· For the near-field, only some of the processing blocks may need to be modified to accommodate near-field channel characteristics.

Proposal 1: In Rel-19 FR3 channel modelling, strive to re-use the existing procedure for channel generation coefficient, and modify/adapt the relevant blocks to support near-field channel model.

TU and Work item Planning
Given the described scope of the work, it is expected that the main bulk of the effort needs to be invested on the enhancements related to the near-field channel. Nevertheless, the verification related to the far-field will still consume some of the time and effort. Therefore, in our view, at least 1 TU should be dedicated for FR3 channel modelling as RAN chair suggested in [7]. Regarding starting time of the FR3 channel modelling, it can start from Q1 2024. 

Observation 2: It is expected that the main bulk of the effort will be invested on the enhancements related to the near-field channel. Nevertheless, the verification related to the far-field will still consume some of the time and effort.

Proposal 2: Support FR3 channel modelling for near-field, if at least 1 TU is allocated for FR3 channel modelling in Rel-19. Also, it can start from Q1 2024.


3. CONCLUSIONS
In this contribution, we shared and discussed our views on potential topics for Rel-19 MIMO. Based on presented discussions, following observations and proposals are made,

Observation 1: In Rel-19 FR3 channel modelling,
· For the far-field validation, the effort does not require any change in the general procedure of channel coefficient generation. 
· For the near-field, only some of the processing blocks may need to be modified to accommodate near-field channel characteristics.

Observation 2: It is expected that the main bulk of the effort will be invested on the enhancements related to the near-field channel. Nevertheless, the verification related to the far-field will still consume some of the time and effort.

Proposal 1: In Rel-19 FR3 channel modelling, strive to re-use the existing procedure for channel generation coefficient, and modify/adapt the relevant blocks to support near-field channel model.

Proposal 2: Support FR3 channel modelling for near-field, if at least 1 TU is allocated for FR3 channel modelling in Rel-19. Also, it can start from Q1 2024.
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