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[bookmark: _Ref298777854][bookmark: _Toc457979800]Introduction
In RAN1#85 in Nanjing, it was agreed to add scaling of the K-factors for LOS TDLs and CDLs according to R1-165440 [1]. The procedure described in has been captured in section 7.7.6 of TR 38.900 v14.0.0 [2]. However, it appears that the procedure is erroneous and does not result in the desired K-factors for the TDLs. This contribution discusses and demonstrates the errors and proposes modifications that are verified to result in the desired behaviour. A CR is jointly prepared in R1-167475 [3]. 
[bookmark: _Toc457979801]Discussion
The K-factor scaling in TR 38.900 v14.0.0 is copied below for convenience.
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Unfortunately the equations in Table 7.7.6-2 are erroneous and do not result in a TDL with the desired K-factor. This is readily apparent from visual inspection of the last column, where a high Kdesired[dB], causes the K1stTap[dB] to become very small, contrary to expectation. Less apparent is the fact that also the third column equations are imperfect, since the power scaling is not applied to the diffuse part of the first cluster as is done for the CDLs in Table 7.7.6-1. Finally, there is a copy/paste error where the value 9.3 for TDL-E has become 9 in the lower right cell. The errors when applying the K-factor scaling according to the description in TR 38.900 v14.0.0 are illustrated in Figure 1. As can be seen, the resulting K-factors are clearly in error for larger K-factors and also for smaller K-factors for TDL-D. 
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[bookmark: _Ref458518541]Figure 1 Resulting K-factor from procedure in TR 38.900 v14.0.0 Table 7.7.6-2
Observation 1: The K-factor scaling process for TDL-D/E in 38.900 v14.0.0 is erroneous and does not result in the desired K-factors
To address this issue, new equations for the K-factor scaling have been derived according to Table 1 below.  
[bookmark: _Ref458519193]Table 1 New equations for the K-factor scaling of TDL-D/E
	Model
	Table
	Equation for power scaling of all delayed taps excluding tap#1.
	Equation for the Tap #1

	TDL-D
	7.7.2-4
	Pn,new[dB] = Pn,old[dB] – Kdesired[dB] + 9[dB] -10·log10((1013.3/10+10(-Kdesired[dB] + 9[dB])/10)/(1+1013.3/10))
	
K1stTap[dB] = 13.3[dB] + Kdesired[dB] - 9[dB] 


	TDL-E
	7.7.2-5
	Pn,new[dB] = Pn,old[dB] – Kdesired[dB] + 9.3[dB] -10·log10((1022/10+10(-Kdesired[dB] + 9.3[dB])/10)/(1+1022/10))
	
K1stTap[dB] = 22[dB] + Kdesired[dB] – 9.3[dB]



The resulting K-factors using these new equations are shown in Figure 1. As can be seen, the new equations result in K-factors which are exactly the same as the desired ones.
Observation 2: The modified equations in Table 1 are verified to produce TDLs with the desired K-factors
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Figure 2 Resulting K-factor from procedure using equations in Table 1
A CR for TR 38.900 has been prepared that incorporates a change to the new equations according to Table 1.
Proposal: The CR R1-167475 that corrects the erroneous K-factor scaling of TDL-D/E is approved

[bookmark: _Toc457979804]Conclusion
Observation 1: The K-factor scaling process for TDL-D/E in 38.900 v14.0.0 is erroneous and does not result in the desired K-factors
Observation 2: The modified equations in Table 1 are verified to produce TDLs with the desired K-factors
Proposal: The CR R1-167475 that corrects the erroneous K-factor scaling of TDL-D/E is approved
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7.7.6 K-factor for LOS channel models

For the LOS channel models of CDL/TDL-D and CDL/TDL-E, user can change the K-factor value. Typical K-factor
values can be found in Table 7.5-6

When a new values of K-factoris set to be Kuxiez [dB], the path powers except for the LOS path (i.c., all the paths
modelled by Laplacian) shall be scaled.

For CDL-D/E, the power scaling shall be performed according to Table 7.7.6-1.

Table 7.7.6-1. Power scaling according to the desired K factor: CDL-D/E

Model Table Equation for power scaling of all
'scattered paths (including cluster
1 Laplacian part).

CDLD 7714 P 7enldB] = ProidldB] — KaesiealdB] +
9[dB]

CDLE 7715 P 7en]dB] = ProildB] — KassiealdB] +
9.3[dB]

For TDL-D/E, the power scaling shall be performed according to Table 7.7.6-2.

Table 7.7.6-2. Power scaling according to the desired K factor: TDL-D/E

Model Table Equation for power scaling of all Equation for the Tap #1
delayed taps excluding tap#1.

TOLD 7724 | PrrenldB] = Py0io[dB] — KaesreodB] + O[AB] | Krsrrap[dB] = 13.3[dB] — Koesrea[dB] + 9[dB]

TOLE 7725 | PrrenldB]= ProdldB] — KassrealdB] + 9.3[B] | KrstrapldB] = 22[dB] — KoesrealdB] + O[AB]

After scaling the powers, the delay spread needs to be re-normalized. This is done through the two steps below.
1) Calculate the actual RMS delay spread after the K-factor adjustment.

2) Apply the delay spread scaling to obtain DS = 1 second.
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