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1	Introduction
This contribution discusses the fading channel models used for UE demodulation requirements. 
2	Propagation models
2.1	EPA/EVA
RAN4 mainly uses ETU (E-UTRA Typical Urban), EVA (E-UTRA Vehicular A) and EPA (E-UTRA Pedestrian A) propagation channel modes for UE demodulation requirements [1]. They are extended from TU (Typical Urban), VA (Vehicular A), and PA (Pedestrian A) channel models used for 2G/3G system such as HSPA [2]. 
Since TU/VA/PA support up to 5MHz channel bandwidth, RAN4 extended these channel models, by inserting more taps, to support LTE, up to 20MHz channel modes. Figure 1 shows the channel impulse responses of existing PA/VA and EPA/EVA fading channel models, and it is observed that EPA/EVA channel modes have more taps compared with PA/VA channel models. 
Figure 2 shows the frequency correlation function of the channel, defined as:

where  is the frequency shift and  is the frequency response of the channel, given by:

Under Wide-sense stationary uncorrelated scattering (WSSUS) assumptions, the frequency correlation can be shown that:

Where  is the tap power and  is the tap delay.
For FR1, since RAN4 assumes up to the channel bandwidth of 100MHz, we set the range to 200MHz. It is clearly observed that the EPA/EVA frequency correlation is 1 every 100 MHz, i.e. the channel is exactly the same every 100 MHz. Furthermore, there are some significant correlation peaks at smaller frequency shifts which indicates that the channel will almost repeat itself at these shifts. Such systematic repetition is not observed in real-world channels and may negatively impact the suitability of the channel for testing purposes. 
Observation 1: EPA/EVA channel models can be used up to 20-30 MHz channel BW. 
If RAN4 will apply PA/VA channel models to NR with 100MHz or more channel bandwidth, RAN4 need study where to add more taps to avoid repetition as RAN4 has done in Rel-8. Since there is no systematic way to extend the existing PA/VA channel model to 100MHz, we concern RAN4 needs some meeting cycles to reach consensus. 
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[bookmark: _Ref510003642]Figure 1	channel impulse responses of fading channel models used for UTRA and E-UTRA UE demodulation requirements. 
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[bookmark: _Ref510003645]Figure 2	Channel frequency responses of (E)PA and (E)VA fading channel models. 
2.2	TDL propagation modes
RAN1 has studied and developed the new channel models called TDL (Tapped delay line) propagation models for NR [3]. In [3], there are 5 different channel models: TDL-A/B/C/D/E. TDL-A/B/C channels consist of Rayleigh distribution paths only as same as PA/VA families. On the other hand, TDL-D/E has line-of-sight (LOS) component in addition to the Rayleigh distribution components. Moreover the path positions are scalable according to the desired delay spread. Table 1 is the example of the scaling factors from TR 38.901.
Figure 3 shows the channel impulse responses and frequency responses of TDL-A/B/C with 100ns delay spread. It is observed that there is no repetition at least up to 200MHz, and it is suitable for NR demodulation requirements. 
Observation 2: TDL-A/B/C channel models can be used at least up to 200 MHz channel BW. 
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[bookmark: _Ref510005941]Figure 3	Channel impulse and frequency response of TDL-A/B/C channels modes. 

[bookmark: _Ref510006675]Table 1	Example scaling parameters for CDL and TDL models.
	Model
	


	Very short delay spread
	10 ns

	Short delay spread
	30 ns

	Nominal delay spread
	100 ns

	Long delay spread
	300 ns

	Very long delay spread
	1000 ns



2.3	Discussion
From the observation above, the exiting propagation channel models used for LTE is limited to 20-30 MHz channel bandwidth and cannot be reused for FR1 with 100MHz. One option is to use TDL channel models for all the demodulation requirements with FR1. On the other hand, some companies/operators may be interested in the performance comparison between LTE and NR. In this case, it is still worth considering EPA/EVA propagation models. However we would like to avoid a long discussion to extend the EPA/EVA channel models further. 
Our preference is to use EPA/EVA channel models for FR1 refarming bands up to 30MHz channel bandwidth. For example, NR band n3 is supporting up to 30MHz and we can still use EPA/EVA. On the other hand, for new NR bands such as n78/n79 or n41 supporting up to 100MHz, RAN4 should use EPA/EVA or TDL propagation channel models depending on the channel bandwidth.
Proposal 1: RAN4 uses the existing EPA/EVA channel models for FR1 UE demodulation requirements up to CBW=30MHz.
Proposal 2: RAN4 uses TDL-A/B/C channel models for FR1 UE demodulation requirements with CBW>30MHz. 
Since the delay positions for TDL models are scalable according to the delay spread, RAN4 should also discuss further the delay spread factor (e.g., 100ns). Although the range of delay spready agreed in RAN1 is huge, from very short (10ns) to very long (1000ns), RAN4 should avoid unrealistic delay spread. RAN4 should discuss further the delay spread factor based on the actual measurement data. 
Proposal 3: For TDL propagation channel model, RAN4 sets the realistic delay spread factors according to the measurement results in the field.
[bookmark: _GoBack]Once RAN4 agrees with the delay spread factor, the exact path positions should be specified in the specification (e.g., TS 36.101-4) to avoid the different implementations among fading simulators. When we specify the path positions, RAN4 should consider trimming the taps which do not contribute the performance due to the less channel power. We think it helps to reduce the test setup. 
Proposal 4: For TDL propagation channel model, RAN4 considers trimming the weak channel paths.
Finally, RAN4 should also discuss the channel models for FR2. We may need consider the LOS component, but we should also consider the testability because of OTA measurement. 
Proposal 5: For FR2, RAN4 consider using TDL channel models, but need wait for the outcome of testability SI. 

3	MIMO correlation matrix
RAN4 has used the MIMO correlation matrix on top of the propagation models for the UE demodulation and CSI reporting requirements with larger Tx antenna ports.  
According to TS36.101, the antenna correlation between BS Tx antenna element and UE Rx antenna element is given as:

 BS antenna correlation matrix and extracted further in case two-dimension layout:
 
 UE antenna correlation matrix
 Polarization correlation matrix
 Permutation matrix
We think the existing MIMO correlation matrix models the accrual BS/UE antenna configuration very well, and therefore RAN4 should reuse it for NR demodulation and CSI reporting requirements. However, we think RAN4 should revisit the values in the BS antenna correlation matrix and maybe UE antenna correlation matrix. 
The existing BS correlation matrix is built based on the assumption the correlation between the two edges is α. But it was agreed when the number of elements was 4. After that, 3GPP introduced FD-MIMO/eFD-MIMO and the maximum number of elements in row becomes 16, and NR also agreed with the precoder with the same number of antenna ports. We therefore propose RAN4 revisits the correlation values based on the actual measurements.
Proposal 6: For NR1, RAN4 reuse the same MIMO correlation matrix as specified in TS36.101. However RAN4 revisit the correlation values based on the measurement results. 
[bookmark: _Ref352176984]4	Conclusion
Observation 1: EPA/EVA channel models can be used up to 20-30 MHz channel BW. 
Observation 2: TDL-A/B/C channel models can be used at least up to 200 MHz channel BW. 
Proposal 1: RAN4 uses the existing EPA/EVA channel models for FR1 UE demodulation requirements up to CBW=30MHz.
Proposal 2: RAN4 uses TDL-A/B/C channel models for FR1 UE demodulation requirements with CBW>30MHz.
Proposal 3: For TDL propagation channel model, RAN4 sets the realistic delay spread factors according to the measurement results in the field.
Proposal 4: For TDL propagation channel model, RAN4 considers trimming the weak channel paths.
Proposal 5: For FR2, RAN4 consider using TDL channel models, but need wait for the outcome of testability SI. 
Proposal 6: For NR1, RAN4 reuse the same MIMO correlation matrix as specified in TS36.101. However RAN4 revisit the correlation values based on the measurement results. 
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TDL-A: 100 ns delay spread
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TDL-B: 100 ns delay spread
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TDL-C: 100 ns delay spread
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