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1 Introduction
Previously 2 options for channel models for FR2 were identified:
	· Option 1. TDL channel modelling based on TR 38.901 
· Modelling methodology is based on TR 38.901
· TDL PDPs can be generated from CDL taking into account Tx/Rx beamforming or existing PDPs in TE 38.901 could be reused 
· Each tap is modelled based on the Jakes Doppler fading model
· Option 2. CDL-based channel modelling 
· This option considers channel model methodology with non-Jakes spectrum. Multi-path fading propagation conditions between the gNB emulator and test chamber probe is modelled as Tapped Delay Line (TDL) based on Clustered Delay Line (CDL). Doppler Spread and MIMO correlation related to such methodology is defined in Subclauses 8.2.1.2.1 and 8.2.1.2.2 respectively of [1].
· Detailed model description is provided in TR 38.810 and TR 38.901
· The model results in Non-Jakes Doppler spectrum



In RAN4 AH1807 the 2 options for channel models for UE demodulation requirements in FR2 were discussed and Option 1 was agreed as the working assumption. 
In this contribution we provide details on the remaining details of Option 1 channel modelling.
2 Discussion
Below we propose parameters for Delay spread and Doppler spread modelling to make the TDL channel model more suitable to capture the propagation conditions in FR2.
Channel Delay Spread
In FR2 with beamforming and best beam selection, the effective channel PDP changes and delay spread is reduced compared to the actual DS scaling. For FR1, the agreed delay spread scaling values are 30ns for small delay spread channel and 100ns, 300ns for medium and large delay spread in [2]. In the figure below, we illustrate the RMS delay spread of the CDL models after applying the Tx/Rx beamforming based on the analysis in [3]. For CDL with beamforming single antenna panel for Tx with 4x4 antenna elements and Rx antenna panel with 2x2 elements was assumed. It may be observed that the DS RMS is substantially reduced due to spatial filtering effects. In particular, we observe that the DS RMS is reduced by approximately a factor of 6-15 comparing to the no beamforming case. 
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Figure 1: Beamforming impact on the CDL channel model delay spread
Based on the analysis above we suggest to model the FR2 propagation conditions as TDL with DS RMS in the range from 5ns to 20ns. In particular, we propose defining the following power delay profiles and RMS delay spread:
TDL-A; 5ns
TDL-B; 10ns
TDL-C; 20ns

Proposal #1: For FR2 UE demodulation and CSI requirements define the following channel model PDPs and delay spread as: 
· TDL-A; 5ns DS RMS 
· TDL-B; 10ns DS RMS
· TDL-C; 20ns DS RMS

Doppler Spread Modelling
As discussed in the previous meetings, the Doppler spread in mmWave environment may be different from Jake’s spectrum. In Figure 2 above the Doppler spectrum is shown for different realizations of the CDL channel model, with Tx/Rx beamforming. It can be observed that the Doppler spectrum of CDL channel is different from Jake’s spectrum. For CDL channel model with Tx/Rx beamforming, the spectral density is different and looks more like a Doppler shift with a smaller spread around it. It can also be observed that different channel realization have a different Doppler spectrum with Tx/Rx beamforming. To capture the effect for spatial filtering on Doppler in TDL channels the Doppler could be modeled with a Doppler spread smaller than theoretical 2*Fdmax which can be derived from the UE velocity and carrier frequency assumptions.
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Figure 2: Doppler Spectrum of CDL Channel
In Figure 3 we illustrate the CDFs of the effective Doppler spread bandwidth for the CDL models under assumption of using Tx/Rx beamforming. For CDL with beamforming single antenna panel for Tx with 4x4 antenna elements and Rx antenna panel with 2x2 elements was assumed. In particular, we estimated the effective bandwidth occupied by X% (X = 80%, 85%, 90%, 95%) of the total Doppler spectrum power for different realizations of CDL models. The results show that under assumption of using Tx/Rx beamforming 90% of the total power of Doppler spectrum for CDL models is typically concentrated within the effective BW equal to Fdmax. (i.e. reduced by a factor of 2 comparing to the conventional Jakes model which occupies 2 x Fdmax). In particular, for the case of Fdmax = 80Hz, 280Hz, 830Hz the effective bandwidth is equal to 90Hz, 260Hz and 700 Hz, respectively.
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Figure 3: Doppler Spread analysis with beamforming
So, to model the mmWave using the TDL models the effective Doppler frequencies can be reduced comparing to the theoretical one. In particular, it can be assumed that Fdmax,new = 0.5 x Fdmax, where Fdmax value corresponds to the target speed and carrier frequency assumptions. For instance, we suggest to define requirements for 45Hz, 130Hz and 350Hz Fdmax,new values. 
In addition, we observe that the CDL model, the Doppler spectrum has certain frequency offset relative to center frequency. In our understanding, the respective effects have limited impact on the demodulation performance under assumption of single cell operation since UE will take this frequency offset into account as apart of synchronization procedure. However, if needed the respective effect can be modelled using introduction of additional signal frequency offset in the range [-Fdmax, Fdmax].

Proposal #2: For UE demodulation and CSI reporting requirements in FR2 use Max Doppler as 45Hz, 130Hz and 350Hz respectively for low, medium and high speed respectively

Performance comparison between TDL and CDL channel models
In order to show that the modified TDL models as proposed above gives performance similar to CDL with beamforming, we provide some PDSCH demodulation performance comparison of modified TDL-A (reduced PDP and Doppler) and CDL-A model with beamforming in FR2. Performance is evaluated at different Doppler frequencies and Delay spread of 30ns.
The channel model parameters for the PDSCH performance tests are listed below:
Table 1: Channel Model Parameters
	
	CDL-A with Beamforming
	TDL-A modified

	UE Speed: 3Kmph
	FdMax: 83Hz
	FdMax: 45Hz

	UE Speed: 10Kmph
	FdMax: 280Hz
	FdMax: 130Hz

	UE Speed: 30Kmph
	FdMax: 830Hz
	FdMax: 350Hz

	DS scaling: 30ns
	30ns
	5ns



	Test1; Low Doppler
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	Test2; Low Doppler
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Figure 4: Performance comparison at low Doppler

	Test1; Medium Doppler
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	Test2; Medium Doppler
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Figure 5: Performance comparison at medium Doppler


	Test1; High Doppler
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	Test2; High Doppler
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Figure 6: Performance comparison at high Doppler

In the figures above we show that the performance between modified TDL model and CDL model with beamforming is comparable. Performance delta (if any) is < 1dB in some SNR regions. Based on this observation we can conclude that TDL channel model adapted to capture effects of spatial filtering on Doppler and channel delay spread is well suited for defined demodulation requirements for FR2. 
Observation #1: Performance with modified TDL models and CDL with beamforming are comparable
Proposal #3: Confirm working assumption to use TDL based channel models to define UE demodulation and CSI requirements in FR2
3 Conclusion
In this paper we present some analysis to clarify some of the open items for TDL based channel models for FR2. We also present performance comparison between modified TDL and CDL channel model with beamforming and show that performance is comparable. Our proposals are summarized below:

Proposal #1: For FR2 UE demodulation and CSI requirements define the following channel model PDPs and delay spread as: 
· TDL-A; 5ns DS RMS 
· TDL-B; 10ns DS RMS
· TDL-C; 20ns DS RMS

Proposal #2: For UE demodulation and CSI reporting requirements in FR2 use Max Doppler as 45Hz, 130Hz and 350Hz respectively for low, medium and high speed respectively
[bookmark: _GoBack]Proposal #3: Confirm working assumption to use TDL based channel models to define UE demodulation and CSI requirements in FR2
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