Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG1 Meeting #116-bis	Tdoc R1-2402614
Changsha, China, April 15th – 19th, 2024
Agenda Item:	9.8.2
Source:	Ericsson
Title:	Discussion on adaptation and extension of channel model
Document for:	Discussion

1 Introduction
In the study item on channel modeling enhancements for 7-24 GHz [1], the second objective is to “adapt/extend as necessary the channel model of TR 38.901 at least for 7-24 GHz”. The purpose of this contribution is to provide views on what defines a necessary adaptation/extension and also give initial input on potential shortcomings of the TR 38.901 channel model [2] that would merit further study by RAN1. A companion contribution [3] targeting the first objective of the study item, “validate using measurements the channel model of TR 38.901 at least for 7-24 GHz”, identifies some model areas where there is a discrepancy with respect to measurements.
2 [bookmark: _Ref178064866]Discussion
2.1 What is a necessary model adaptation or extension?
The study item description contains the following objective:
· Adapt/extend as necessary the channel model of TR 38.901 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.

There can be many ideas and suggestions on how to adapt and extend the channel model described in TR 38.901. However, a key wording in this objective is “as necessary”. We believe it will be helpful for the progress of the study item if RAN1 can agree on how to distinguish between “necessary” model extensions and “other” model extensions, so that the former can be prioritized in the work.
[bookmark: _Toc163215805]The SID talks about necessary model adaptations and extensions, therefore an early agreement on how to interpret the word “necessary” would be beneficial for focusing and prioritizing the subsequent work.
To better guide these discussions, a good understanding of how the model have been and will be used is needed. The main use of the model is to enable simulations of performance of various technical components and features and use the outcomes of these simulations to guide consensus-building on what features to standardize and how to standardize these. Model components such as what scenarios are included and how various channel parameters are configured have a strong impact on the future direction and outcome of the work in Rel-19 and beyond in 3GPP. The justification section in the study item description highlights MIMO with large antenna arrays and new use cases in the 7 to 24 GHz bands as areas where the channel model limitations and potential updates should be assessed. In this context, the wording “as necessary” should be interpreted as “potentially having a result- or conclusion-affecting impact on future studies”.
[bookmark: _Toc163215810]“Adapt/extend as necessary” in the SID objective should be interpreted as limiting such extensions to model changes that can potentially have a result- or conclusion-affecting impact on future studies.
2.2 Baseline model updates
The present baseline model in TR 38.901 has been used in many different SIs and Wis, and is expected to be continually used in this fashion. If the present SI identifies necessary adaptation or extensions that affect the baseline model, simply changing these in TR 38.901 could cause unclarity or confusion about what model assumptions have been or will be used in a study. 
[bookmark: _Toc163215806]If changes are made to the baseline model there is a risk of confusion about which version of the model was/is used in different studies.
Since it may indeed be important to change undesired behavior in the model some attention should be given to how to avoid such confusion. 
[bookmark: _Toc163215811]Discuss and decide on how baseline model changes should be most transparently captured in TR 38.901. One example can be adding notes: "this parameter value/model equation/procedure was changed in Rel-19. See e.g. 38.901 vX.Y.Z for the earlier behavior".
2.3 Model scenarios
The present channel model in TR 38.901 is parameterized for a diverse set of scenarios: Urban Macro (UMa), Urban Micro (UMi), Rural Macro (RMa), Indoor Hotspot (InH), Indoor Factory (InF). These represent a significant proportion of current and foreseen future deployments of 3GPP-based cellular networks. Their inclusion in the model guarantees that standardization efforts are benchmarked in relevant conditions which reduces the risk of unwelcome surprises when standard-compliant products are later put on the market. 
However, 3GPP networks are widely used in suburban residential areas for which there is no direct correspondence among the existing scenarios in TR 38.901. For instance, the UMa scenario specifies buildings being between 5-8 floors with indoor users dropped between 0-25 m from the external wall. The path loss and LOS probability models have been derived based on these assumptions. The RMa scenario could possibly be used to represent also a suburban residential scenario, however as seen in [3] new measurements of path loss in a suburban scenario do not conform to any of the existing scenarios in TR 38.901. 
Also, the RMa scenario has a limited applicability range that doesn’t extend fully into the 7-24 GHz range. Hence, future suburban or rural deployments in this frequency range can not easily be studied using the TR 38.901 model.
[bookmark: _Toc163215807]3GPP networks are widely used in suburban residential areas, however there is no direct match with the existing scenarios in TR 38.901.
This lack of a suburban scenario risks making 5G evolution or 6G standardization suboptimal for an important market segment. To address this risk, it is proposed that the present study item targets providing measurements and parameterizations for a suburban macro (SMa) scenario. 
[bookmark: _Toc163215812]Add a suburban macro (SMa) scenario to the TR 38.901 channel model.
2.4 Model components for MIMO simulations
One of the success stories of 3GPP has been the standardization and subsequent commercialization of MIMO. MIMO-capable 3GPP-compliant base stations are now deployed throughout the world, and MIMO-capable devices are literally found in every person’s hand. MIMO technology will be an integral part of 6G, where, e.g., larger antenna arrays and corresponding improved and new codebooks, reference signals, CSI feedback schemes, beam management procedures, etc will need to be further studied. 
2.4.1 Angular spread
For MIMO, one of the key characteristics of the channel model is the angular spread. It affects the relative performance of feedback-based vs reciprocity-based SU-MIMO and MU-MIMO beamforming schemes, the channel rank, the inter-stream interference, the amount of interference between neighbouring sectors, etc. Therefore, it indeed necessary to ensure that the modelling of angular spread is sufficiently accurate, otherwise there is a risk that 3GPP standardizes sub-optimal MIMO technology components. One way of assessing the accuracy of the model is to compare it with new and accurate measurements, as in done in [3]. In that comparison, it was found that the measured elevation angle spreads in a UMa scenario were indeed in line with those predicted by the model. However, in the same scenario the measured azimuth angular spreads (ASD in the TR 38.901 terminology) were found to be several times smaller than predicted by the model. 
[bookmark: _Toc163215808]New measurements in an UMa scenario show several times smaller ASD than the TR 38.901 model.
In the context of future MIMO studies and simulations, such a large difference between measurements and model is not encouraging. Therefore, it is proposed to reduce the horizontal angular spread (ASD) in the UMa scenario in the model. 
[bookmark: _Toc163215813]Reduce the horizontal angular spread (ASD) of the UMa model. 
2.4.2 Polarization model
As discussed in [3], the polarization model in TR 38.901 has a shortcoming in that it does not account for the variability of the relative powers of the co- and cross polar components in the channel. The polarization variability can have an impact on, e.g., codebook design. One example is when selecting a pair of beams for rank-2 transmission. Using the TR 38.901 model, the two strongest beams are very likely to be a pair of cross-polarized beams pointing in the same direction. However, the measurements show that such a selection can be suboptimal when one of the two polarizations is significantly weaker than the other since there could be similarly powered single or dual-polarized beams in other directions to choose from. Thus, the codebook design may be dependent on how the polarization variability is modelled. In order words, the lack of polarization variability may indeed have a conclusion-affecting impact on future studies. Therefore, we propose to include polarization variability in the model.
[bookmark: _Toc163215814]Introduce polarization power imbalance modeling.
2.4.3 Large antenna arrays
As mentioned, the potential use of even larger antenna arrays is identified as one of the most important use cases for which the channel model should be validated and possibly extended. While larger antenna arrays are mainly discussed for the network side it shouldn’t be forgotten that also the UE can potentially be equipped with antenna arrays and multiple panels, for instance for mmW UEs or FWA UEs. The UE is generally much closer to objects in the environment including possibly a person interacting with or holding the UE. Hence, while the UE antenna arrays are likely much smaller than the BS arrays there can still be potential for non-plane wave incidence or partial blocking.
[bookmark: _Toc163215809]Larger antenna arrays are likely to be studied in coming releases, including but not limited to the 7-24 GHz range. Therefore, we should ensure that the channel model is sufficiently accurate for expected simulation studies.
The baseline TR 38.901 channel model consists of a set of  clusters each comprising  rays, where the channel coefficients for different antenna array elements is determined assuming that each ray represents a plane wave. Hence, the amplitude of the contribution from a specific ray to the channel from or to a specific antenna element is constant, while the phase shift is linearly dependent on the angle of arrival. When the antenna arrays become larger, there is a possibility that the plane wave assumption no longer holds, or that the assumed structure of  clusters with  rays is no longer an accurate model of the channel. The plane wave assumption may be violated if waves originate from nearby sources or are partially blocked by nearby objects. However, it is an open question if such potential model deviations will become result- or conclusion-affecting. This requires studying and determining some metrics. One possible metric is the phase error resulting from a plane wave model if the real wave form is non-planar. 
[image: ]
[bookmark: _Ref162968866]Figure 1	An antenna array of extent  at distance  from a source.
Consider Figure 1. If modelling the ray from the source as a plane wave, the phase shift at the top-most element in the array is , while the true phase shift will be . Hence, the phase error is

Is this a significant phase error? That would depend on the size of the antenna array (), the distance to the source (), and the wavelength (). For instance, a 32x32 dual-polarized array at 10 GHz has a size  of 0.96 m, leading to a maximum phase error of 150° for a source distance of 10 m and 15° for a source distance of 100 m. For most elements in the array, the phase error will be much smaller. Similarly, if there are many rays and clusters in the model only a few of these may be due to objects that are close enough or have incidence angles such that significant phase errors occur. It should be studied if there are scenarios and deployments where significant non-planar wavefront can occur, and whether the resulting phase errors from planar wave modeling in these scenarios will have result- or conclusion-affecting impact on e.g. codebook design before deciding on the need on the need for possible model extensions. 
[bookmark: _Toc163215815]Assess the need for modeling of non-planar wavefronts for existing clusters in the channel.
The existing model in TR 38.901 includes an optional blocking model. By specifying the size and position of the blocker with respect to the Tx or Rx, the attenuation of different paths can be calculated. It is possible that this blockage model can be adapted to large antenna arrays by accounting for the position of the blocker with respect to different elements in the antenna array. However, the blockage model only affects the attenuation of different paths and not the phase, so it can likely not model the change in wavefront curvature due to a nearby obstacle. 
[bookmark: _Toc163215816]Study whether the existing blockage model can be used to model spatial non-stationarity, e.g. due to partial blocking by chimneys, roof edges, etc.
The process of generating clusters and rays within clusters may not be adequate for very large antenna arrays that can form very narrow beams. TR 38.901 clause 7.6.2.2 includes an optional and more refined procedure for generating intra-cluster ray distributions. However, this procedure has not been used much and does also not address the method for distributing clusters in angle and delay. Whether model enhancements may be needed is still an open question that should be studied using new measurements. 
[bookmark: _Toc163215817]Study whether the existing mechanisms for generating clusters and paths are inaccurate when simulating large antenna arrays.
Conclusion
In the previous sections we made the following observations: 
Observation 1	The SID talks about necessary model adaptations and extensions, therefore an early agreement on how to interpret the word “necessary” would be beneficial for focusing and prioritizing the subsequent work.
Observation 2	If changes are made to the baseline model there is a risk of confusion about which version of the model was/is used in different studies.
Observation 3	3GPP networks are widely used in suburban residential areas, however there is no direct match with the existing scenarios in TR 38.901.
Observation 4	New measurements in an UMa scenario show several times smaller ASD than the TR 38.901 model.
Observation 5	Larger antenna arrays are likely to be studied in coming releases, including but not limited to the 7-24 GHz range. Therefore, we should ensure that the channel model is sufficiently accurate for expected simulation studies.

Based on the discussion in the previous sections we propose the following:
Proposal 1	“Adapt/extend as necessary” in the SID objective should be interpreted as limiting such extensions to model changes that can potentially have a result- or conclusion-affecting impact on future studies.
Proposal 2	Discuss and decide on how baseline model changes should be most transparently captured in TR 38.901. One example can be adding notes: "this parameter value/model equation/procedure was changed in Rel-19. See e.g. 38.901 vX.Y.Z for the earlier behavior".
Proposal 3	Add a suburban macro (SMa) scenario to the TR 38.901 channel model.
Proposal 4	Reduce the horizontal angular spread (ASD) of the UMa model. 
Proposal 5	Introduce polarization power imbalance modeling.
Proposal 6	Assess the need for modeling of non-planar wavefronts for existing clusters in the channel.
Proposal 7	Study whether the existing blockage model can be used to model spatial non-stationarity, e.g. due to partial blocking by chimneys, roof edges, etc.
Proposal 8	Study whether the existing mechanisms for generating clusters and paths are inaccurate when simulating large antenna arrays.
[bookmark: _In-sequence_SDU_delivery] 
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