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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 preliminary results from indoor 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 in the terrain, urban planning and consequently deployment scenarios 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, a typical inter-site distance in urban environments is on average way above 500m, as assumed in a UMa channel model.  When using the current 3GPP UMa channel model, one cannot 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 channel measurements that represent these deployment scenarios when developing the channel model.
Observation 1: Deployment scenarios identified to develop the channel models in 3GPP TR38901 do not include typical urban scenarios in North America.
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 typical US city, 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 typical city deployment.  It is crucial then to revisit the parameters in the 3GPP channel models in TR 38.901 to more accurately model real deployment scenarios. 
[image: ]
Figure 1: LoS probability example for various outdoor 3GPP channel models

In RAN#1#116bis, the following conclusion was reached.
Conclusion
RAN1 to continue discussion on the need for new modelling parameters/scenarios and modelling procedure. The following modelling parameters/aspects for 7 – 24 GHz frequencies that are currently not available in TR38.901 have been identified by companies in RAN1#116bis. At least the following is for further study but does not imply parameters/scenarios and modelling procedure are required for 7 – 24 GHz frequencies.
· Intra-cluster K factor
· Random power variability in each polarization
· Addition of SMa deployment scenario

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, RAN1 studies the addition of a deployment scenario that captures typical deployment scenarios outside of UMa and UMi 
The added deployment scenario (i.e. SMa deployment scenario) captures typical deployment parameters in US urban cities such as BS heights of an average of 23m above the ground, and typical indoor UE heights of 1.5<h<4.5m in residential buildings and 1.5<h<13.5m in commercial buildings, with clutter height, such as trees that can go up to 20m in some areas. The ISDs in such deployments are typically much larger than the 500m assumed for UMa. 

AT&T’s Experimental Validation

In RAN1#116bis, the following agreement has been reached on the channel model parameters that could be studied for validation.

Agreement
The following provides list of modelling parameters for 7 – 24 GHz frequencies that could be further studied for validation. The parameters listed are  starting point for further discussions and does not imply the parameters require validation nor imply parameters require updates for 7 – 24 GHz frequencies.
· Antenna modelling parameters (e.g. radiation power patterns, directional gain values, etc.)
· Pathloss
· LOS probability
· O-to-I penetration loss
· Delay spread (mean, variance)
· AoD spread (mean, variance)
· AoA spread (mean, variance)
· ZoA spread (mean, variance)
· ZoD spread (mean, variance)
· ZoD offset
· Angle distribution characteristics (e.g. exponential, Gaussian, Laplacian distributions)
· Shadow fading
· K factor (mean, variance)
· LSP cross correlations
· Delay scaling parameter
· XPR
· Number of clusters
· Number of rays per cluster
· Cluster delay spread
· Cluster ASD
· Cluster ASA
· Cluster ZSD
· Cluster ZSA
· Per Cluster shadowing
· Correlation distances
· LSP correlation type (e.g. site-specific or all correlated)
· Oxygen absorption
· Correlation distance for spatial consistency
· Blockage region parameters/blocker parameters
· Spatial correlation for blockages
· Material properties for ground reflector model
· Spatial consistency model A/B

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 (InH). In addition, AT&T will be performing outdoor (RMa, UMi, SMa) and outdoor to indoor measurements as well for within all these bands. 

[bookmark: _Ref166141634]Channel Sounder Description
The channel sounder baseband design is based on National Instrument’s universal software Radio Peripheral (USRP) x410.  The USRP at the channel sounder transmitter (TX) generates an OFDM baseband signal with 400 MHz bandwidth and carrier spacing of 120KHz, mixed with an LO frequency of 3.5 GHz, resulting in an IF signal with a spectrum between 3.3 GHz and 3.7 GHz.   This resultant IF signal is then filtered, upconverted and amplified to either 8, 11 and 15 GHz frequency bands.  
The channel sounder receiver (RX) is equipped with two types of receivers:

3-1 [bookmark: _Ref166142034] An omnidirectional RX:
· Where the TX RF signal is captured via a conventional omnidirectional antenna followed by direct down conversion to IF frequency.  The downconverter has a 45 dB conversion gain and a 2.5 dB Noise Figure (NF),
3-2 A 360-degrees analog beamformed receiver, nicknamed ROACH ( Realtime Omnidirectional Array Channel sounder):
· ROACH consists of four dual pole 8x8 elements phased arrays having 13 degrees HPBW per beam. The arrays are setup so that each array is pointing to a different 90° sector surrounding the UE.  As such each array is configured so its field of view covers a ±45° in azimuth and ±26° in elevation using a codebook of 30 beams.  The RF input is directly down converted to IF frequency by array for measurements and data collection. Each array has a dedicated receiver which allows full scan and measurements of received signal at all 30 beams within 1.25 ms independent of each other. This configuration gives ROACH a 360°/52° (Az/EL) measurement capability to within 1.25 ms.

The indoor experiments were performed by placing the  TX at a fixed location, and moving the mobile channel sounding RX over different line-of-sight (LOS) and non-line-of-sight (NLOS) locations, as depicted in Figure 2. Once the path loss was recorded for all possible RX locations for a given TX location, the channel sounding TX was moved to the next pre-determined location. The indoor channel was measured at a total of 650 RX points (over four floors and 11 TX locations). The TX antenna height was set to 2.7m (except on one floor of the building with lower ceiling height, where the TX was placed as close to the ceiling as possible), featuring a standard gain horn with 55 degrees HPBW in both horizontal and elevation planes. 

[image: ]
Figure 2: AT&T's Channel Sounder setup for indoor communications measurements. 
The outdoor experiments will be conducted in various locations in Austin, Tx representing various deployment scenarios as defined in 3GPP TR 38.901 [2].  The channel sounder transceiver setup is shown in Figure 3a.  Note that the same hardware will be used as described for indoor measurements, the only difference being the location of the TX horn antenna and the RX phased arrays. The base station TX antenna will be mounted atop a mast (height will be deployment scenario dependent). The four mobile RX phased arrays will be placed at 45 degrees angle at each corner of the vehicle bumper (See Figure 3b) at 0.5 m - 0.75 m above the ground level.  Additionally, the omnidirectional receiver will be placed on the roof of the same vehicle (2 m above ground level).
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Figure 3a: AT&T's Channel Sounder setup for outdoor communications measurements. 
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Figure 3b: Array orientation for Outdoor UE Channel Sounder. 
Indoor Measurement Results

The floating intercept (FLPt) path loss model is defined as: 
PL[dB] = PL0 + 10  log10(d) +,
where PL0 (the intercept of the path loss model),  (the path loss exponent (PLE)), and  (the lognormal shadow fading) are computed via least squares estimation [3].
The floating intercept path loss model was fit to indoor omnidirectional path loss data collected by AT&T.
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Omnidirectional path loss data at 15 GHz, collected by the omnidirectional receiver (as described in 3-1) over 96 LOS locations across four floors of an office building is displayed above. All collected path loss data was within the maximum measurable path loss of the channel sounding system with the omnidirectional receiver (165 dB).

The PLE  of 1.5 dB/decade in LOS is consistent with the current InH LOS 3GPP SCM model PLE of 1.7 at 15 GHz [2].
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Similarly, omnidirectional path loss data at 15 GHz, collected by the omnidirectional receiver (as described in 3-1) over 554 NLOS locations across four floors of an office building is displayed above. All collected path loss data was once again within the maximum measurable path loss of the channel sounding system with the omnidirectional receiver (165 dB). Note that the SCM path loss model depicted above is the NLOS “arm” of the dual-line 3GPP SCM InH path loss model (PL’InH-NLOS  = 38.3 log10 (d3D) + 17.30 +24.9 log10 (fc)) [2]
 The floating-point path loss model was used to model the collected omnidirectional path loss. The PLE of 3.4 dB/decade in LOS is consistent with the current InH LOS 3GPP SCM model PLE of 3.8 at 15 GHz [2].


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: Deployment scenarios identified to develop the channel models in 3GPP TR38901 do not include typical urban scenarios in North America.
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, RAN1 studies the addition of a deployment scenario that captures typical deployment scenarios outside of UMa and UMi 
Observation 2: The indoor path loss measurements conducted at 15 GHz over 11 TX locations and 650 RX locations on floors of an office building agree well with the previously proposed 3GPP SCM path loss model in LOS and NLOS environments. Measurements at 8 GHz, 11 GHz, 15 GHz will be presented in future contributions to further validate the 3GPP SCM channel model for InH environments and outdoor environments.
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