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Introduction

A new study item on channel modelling enhancements for 7-24GHz for NR was agreed in RAN#102 [1], one of the main objectives of the study item is to validate the channel model in TR 38.901 [2] for the frequency range between FR1 and FR2:
· 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.

In this contribution, we discuss the importance of validating these channel models as well as the measurements that AT&T is working on towards this validation. 
Channel Model for Realistic Deployments

The 3GPP channel models currently defined in TR 38.901 [2] claim validity for a large range of frequencies 0.5-100GHz, and applicability to a number of deployment scenarios, depending on the location of the base stations within the environment clutter, their inter-site distance, the distribution of the users, and the nature of users they serve; namely, UMi, UMa and RMa scenarios cover a range of outdoor and outdoor-to-indoor scenarios, and InH and InF cover indoor scenarios.  The 3GPP channel model in 38.901 further includes models for blockage and atmospheric attenuations, as well as inter-frequency dependency and spatial consistency. 
3GPP channel models are widely used in the industry at large to evaluate various technology components, and their validity and ability to model realistic deployment scenarios is of the utmost importance to corroborate the performance of the algorithms used to improve the communication links. 
While 3GPP channel models’ parameters are used to model equivalent deployment scenarios in various cities for different operators, often the urban nature of different cities differs across countries and across continents. There is for example a big difference between San Francisco and Dallas or New York city, as well as a big difference between San Francisco and Prague or Paris. In the United States, the inter-site difference between cell sites is closer to a mile (1732m) on average inside urban (e.g. San Francisco), and sub-urban environments.  When using the current 3GPP UMa channel model, however, one can often not find the right parameters to model such a deployment inside a city, and consequently properly evaluate the performance of the different technology features. This is often due to the lack of adequate measurements when generating the channel model.
Observation 1: Channel measurements used to create the channel models in TR 38.901 are not representative of all deployment scenarios to which the models are applied. 
The line-of-sight probability defined for 3GPP outdoor channel models in TR 38.901 and shown in Figure 1, do not accurately depict the urban scenario deployments currently available. For example, in a city like San Francisco, when the ISD is often larger than 1.5km, and UEs in line-of-sight condition with respect to the serving base station are available well beyond 1km from the base station, the 3GPP UMa channel model LoS probability is negligible at 500m. While the RMa channel model line-of-sight probability stays well above zero beyond 1700m, the RMa model does not target urban and sub-urban environments because the generation of the model was based off measurements conducted in rural environments, which is definitely not the case for a city like San Francisco.  It is crucial then to revisit the parameters in the 3GPP channel models in TR 38.901 to more accurately model real deployment scenarios. 
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Figure 1: LoS probability example for various outdoor 3GPP channel models
Proposal 1: For the SI on channel models for 7-24GHz, for the validation of the channel models in TR38.901, measurements conducted by companies should be representative of the urban and sub-urban environments to which these models are applied.
Frequencies in the lower end of the 7-24GHz spectrum, i.e. 7-15GHz are poised to be the main source of new spectrum needed for 6G use cases and are being actively discussed in various forums including WRC. While these frequencies provide additional spectrum needed to increase DL capacity, the expectation is that they will not require much additional densification than the currently deployed mid-band spectrum, and they will use the same ISD as the current base stations deployments. It is thus crucial to prioritize measurements to validate 3GPP channel models in TR38.901 considering deployments that reflect actual urban and suburban environments in cities across the globe.  
Proposal 2: For the SI on channel models for 7-24GHz, for the validation of the channel models in TR38.901, measurements in urban and sub-urban environments with ISD > 1000m should be included.
While we conduct measurements to validate the channel model in 7-24GHz, we should also ensure that the channel model parameters do not adversely affect the continuity of the channel model validity across frequencies. The new channel model parameters for the 7-24GHz frequencies, if any, should be compared against the channel model parameters in other neighboring frequency bands, such as the upper FR1 bands. Companies are also encouraged to conduct measurements using both FR1 and 7-24GHz for comparison and frequency continuity validation.
Proposal 3: For the SI on channel models for 7-24GHz, for the validation of the channel models in TR38.901, RAN1 should ensure continuity of the channel model across frequencies. 

AT&T’s Experimental Validation
To validate various 3GPP channel models as described in TR38.901 for 7-24 GHz frequency range and different deployment scenarios, AT&T has begun detailed channel sounding campaigns at 8, 11 and 15GHz. These channel sounding experiments are performed in various indoor commercial buildings, outdoor in rural macrocell, urban microcell and suburban microcell environment. In addition, AT&T will be performing outdoor to indoor measurements as well for within all these bands. 

The channel sounder is based on National Instrument’s universal software Radio Peripheral (USRP) x410.  The USRP generates an OFDM signal with 400 MHz bandwidth and carrier spacing of 120KH at IF frequency of 3GHz.   The IF signal is then filtered, upconverted and amplified to either 8, 11 and 15 GHz frequency bands.  The channel sounder receiver is equipped with two types of receivers:
1-  An omnidirectional Receiver:
· Where the receiver down-converts the received signal to IF frequency using a conventional omnidirectional antenna and a downconverter with a 45 dB conversion gain and 2.5 dB Noise Figure (NF),
2- A 360 degrees, beamformed receiver, nick named as ROACH for Realtime Omnidirectional Antenna array Channel sounder:
· ROACH consists of four 8x8 element dual pole phased array with 13 degrees HPBW per beam. Each of the four arrays are configured such that a codebook of 30 beams are scanned and measured within 1.25 ms by a dedicated USRP and therefore giving rise to a full 360 degree measurements within 1.25 ms.  The array input is directly down converted to IF frequency for measurements and data collection.

The indoor experiments are performed with a fixed transmitter, and a mobile receiver using AT&T’s channel sounder as depicted in Figure 2. The transmitter antenna height is set to 2.7m (when possible), featuring a standard horn with 55 degrees beamwidth in horizontal and elevation planes. 
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Figure 2: AT&T's Channel Sounder setup for indoor communications measurements. 
The outdoor measurements are conducted in various locations in Austin, Tx.  The setup is shown in Figure 3a.  Note that the same hardware is used as described for indoor measurements the only difference is the placement of actual transmit and receive antennas. The base station transmitter is mounted atop a 10m mast, featuring a standard gain horn antenna with 10 dB gain, 55 degrees HPBW and capable of transmission of maximum 10W of linear EIRP. The mobile receiver consists of four 8x8 phased arrays which are placed at 45 degrees angle at each corner of the vehicle bumper (See Figure3b) and about 0.5 meter above the ground level.  Each array covers ±45degree in azimuth and ±26degree in elevation. S
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Figure 3a: AT&T's Channel Sounder setup for outdoor communications measurements. 


Figure 3b: Array orientation for Outdoor UE Channel Sounder. 
Conclusion
In this contribution, we discussed the validation of the channel model for 7-24GHz in TR 38.901. We made the following proposals and observations.

Observation 1: Channel measurements used to create the channel models in TR 38.901 are not representative of all deployment scenarios to which the models are applied. 
Proposal 1: For the SI on channel models for 7-24GHz, for the validation of the channel models in TR38.901, measurements conducted by companies should be representative of the urban and sub-urban environments to which these models are applied.
Proposal 2: For the SI on channel models for 7-24GHz, for the validation of the channel models in TR38.901, measurements in urban and sub-urban environments with ISD > 1000m should be included.
Proposal 3: For the SI on channel models for 7-24GHz, for the validation of the channel models in TR38.901, RAN1 should ensure continuity of the channel model across frequencies. 
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