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Background
The SID objective is as follows [1]. We provide mathematical aspect of near-field channel modelling.
	The objectives of this study are:
· 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).




Near-field channel model
The analysis below is based on the work in [2]. We provide potential specification impact to TR38.901 to introduce near-field channel modelling.
1.1. Phase domain
Figure 1 shows a diagram showing a relationship between a transmitter source antenna element and a receiver antenna array, including uniformly distributed  antenna elements in two dimensions (e.g., URA). Here, the vector  represents the location vector of the source antenna element, the vector  represents the reference point of the receiver antenna array, the distance  represents the distance from the source to the reference point, the unit vectors  and  represents the array vectors in horizontal and vertical,  and  represents the index of the receiver antenna element respectively, and the duration  represents the antenna spacing. The distance  from the source antenna element to the mth receiver antenna element is then represented as

Here, .
The distance difference between the reference point and the receiver antenna element  is 

By Taylor expansion, Eq. (2) reduces to

In Eq. (3), higher order terms are omitted. This is called Fresnel assumption. In Eq. (3), the first term in the right side corresponds to the phase shift by antenna elements in the far-field assumption, which is also employed in the channel model in 3GPP TR38.901. The second term (and omitted terms in Eq. (3)) corresponds to the near-field channel. Thus, basic difference between far-field and near-field channel modelling lies in the additional phase term . In our view, the far-field channel model can be modified to generate the near-field channel model. An additional phase term for the near field channel can be introduced in the far-field channel model to capture the near-field. We also need to discuss if we need a new channel model for near-field and switch between near-field and far-field channel model based on threshold distance (like Rayleigh criteria) or can we modify the far-field channel model to generate the near-field channel.
Observation 1: The far-field channel model can be modified to generate the near-field channel model. An additional phase term for the near field channel can be introduced in the far-field channel model to capture the near-field.
Proposal 1: RAN 1 to discuss how to create the near-field channel model. That is if we need a new channel model for near-field and switch between near-field and far-field channel model based on threshold distance (like Rayleigh criteria) or can we modify the far-field channel model to generate the near-field channel.


Figure 1: Diagram showing a relationship between a transmitter source antenna element and a receiver antenna array, including uniformly distributed  antenna elements in two dimensions
1.2. Power domain
In the current channel model in TR38.901, no power difference among elements is considered. However, in the near-field, power difference among the antenna elements is not negligible in some Tx-Rx orientation [2]. For example, if the Rx antenna is close to the antenna panel plane, power difference appears. This scenario may happen in InH scenario with the ceil mount antenna installation. Therefore, we suggest studying potential power difference among antenna elements for the near-field channel. 
Proposal 2: RAN1 to study potential power difference among antenna elements for the near-field channel.
1.3. NLOS issues
Near-field channel for NLOS clusters is viewed as the sum of the near-field channel from Tx to the cluster to the near-field channel from the cluster to the Rx [2]. Figure 2 shows a diagram showing a relationship of a single NLOS cluster with Tx and Rx antenna arrays. Assuming that all the communication path go through a single point in the cluster, we need to consider the additional phase rotation term in Tx-Cluster and Cluster-Rx link, each of which is written as below.


Therefore, distance r from Tx to clusters and from clusters to Rx should be defined to calculate the additional phase term and/or to calculate the power difference among antenna elements.
Proposal 3: RAN 1 to discuss introduction of distance from Tx to clusters and from clusters to Rx for the near-field channel modelling.


Figure 2: Diagram showing a relationship of a single NLOS cluster with Tx and Rx antenna arrays
Conclusion
In this contribution, we have the following observation:
Observation 1: The far-field channel model can be modified to generate the near-field channel model. An additional phase term for the near field channel can be introduced in the far-field channel model to capture the near-field.
In this contribution, we have the following proposals:
Proposal 1: RAN 1 to discuss how to create the near-field channel model. That is if we need a new channel model for near-field and switch between near-field and far-field channel model based on threshold distance (like Rayleigh criteria) or can we modify the far-field channel model to generate the near-field channel.
Proposal 2: RAN1 to study potential power difference among antenna elements for the near-field channel.
Proposal 3: RAN 1 to discuss introduction of distance from Tx to clusters and from clusters to Rx for the near-field channel modelling.
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