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1	Introduction
In RAN4#88 Way forward document [1] was agreed to “reuse the conclusions from UE demodulation discussions” for FR1 and FR2. Moreover, for FR2 other options are not precluded. For FR2: “TE vendors and interested companies are invited to check if the channel model used by UE demodulation performance is applicable for BS demodulation performance test”. The channel model choice for UE demodulation was TDL model for both FR1 and FR2 [8].
In this paper we discuss why non-spatial TDL models are not suitable for BS demodulation performance evaluation and propose to use geometric clustered delay line (CDL) models instead.
2	Why not TDL models?
-Jakes DPS is not realistic for FR2 and beamforming Tx & Rx as described in [2]
-BS antenna is highly directive and relies on polarizations of antenna elements, for this reason physical antenna modelling and geometric propagation modelling are recommended
-TDL models do not consider any antenna characteristics, neither polarization nor directivity
-CDL provides model is more realistic result than TDL (TR38.901)
-CDL is a forward compatible choice as it enables MU-MIMO modelling by introducing users with angularly rotated CDL models, while TDL model does not contain or support any directional information
-CDL is a forward compatible choice as it enables dynamic geometry modelling with a simple parameter interpolation scheme
Depending on the scope of Rel-15 BS performance requirements, some of the reasons above could not apply (as the functionality could be deferred to Rel-16). However, it is recommended to consider them at this stage in order to enable meaningful comparisons in the future.
3	Proposed CDL models
We propose to use CDL of TR38.901[3]. Detailed steps for using CDL model are described in [4]. Five models, CDL-A…E, their mapping to scenarios and the corresponding scaling parameters are specified in Table 1. 
Table 1. Target spread (LS) parameters for CDL models from the base-line model of TR38.901 [calculated for 28GHz frequency, and applicable for FR2 frequency].
	Model
	Scenario
	
 [ns]
	
 [deg]
	Kf [dB]

	
	
	
	ASD
	ASA
	ZSD
	ZSA
	

	CDL-A
	UMi O2I NLOS 
	239.9
	17.8
	57.5
	1.6
	10.2
	-

	CDL-B
	UMi NLOS
	65.9
	15.6
	49.3
	1.1
	7.3
	-

	CDL-C
	Indoor NLOS
	26.2
	41.7
	50.4
	12.0
	14.7
	-

	CDL-D
	Indoor LOS
	19.7
	33.3 (39.8)
	26.0 (31.9)
	1.4
	11.5
	7

	CDL-E
	UMi LOS
	32.3
	11.7 (13.7)
	28.0 (41.0)
	1.6
	3.8
	9



The target spread values of Table 1 are median values from Table 7.5-6 in TR38.901[3]. However, the ASD and ASA values marked in Table 1 in red font are modified target spreads and the actual median values are given in parenthesis. The modification is done, because the median values are not achievable with the Ricean K-factor values of 7 and 9 dB.
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	Model
	
 [deg]

	
	ASD
	ASA
	ZSD
	ZSA

	CDL-A
	73.7
	85.3
	28.6
	21.1

	CDL-B
	41.6
	59.3
	6.0
	10.4

	CDL-C
	39.1
	71.1
	4.1
	10.4

	CDL-D
	19.0
	21.1
	3.0
	1.9

	CDL-E
	13.2
	37.6
	1.5
	2.5



Table 2 contains the angle spread values of the original CDL models of TR38.901[3] before any angular scaling. The values are calculated for the angles AOD, AOA, ZOD, and ZOA angles after removing the mean angle  following the definition of rms angular spread in TR25.996 [5], without finding the minimum over circular shifts. UE and gNB antenna parameters, like field pattern, orientation, and polarization, are taken from [6], which is based example arrays of TR38.901 and R4-1711826.
This model is using following parameters 
· Base CDL model from CDL models defined in [3, Subclause 7.7.1] characterized by normalized delay, power, AOA, AOD, ZOA and ZOD for each cluster; delay spread, angular spread and mean angle for AOA, AOD, ZOA and ZOD.
· Emulated gNB related parameters: gNB antenna field pattern, gNB antenna orientation and polarization 
· Emulated UE related parameters: UE antenna field pattern, UE antenna orientation and polarization, UE speed and direction
· Initial phases [image: ] for each ray m of each cluster n for NLOS paths and distance d3D (explained in [3, Figure 7.4.1-1] to model LOS path loss) for LOS path.
· Tx/Rx beam selection procedure between emulated gNB and emulated UE antenna
· Rician K factor for LOS CDL base models
· Carrier Frequency
· Fixed pairing between angles of arrival and angles of departure in Step 2 described in [3, Subclause 7.7.1]. 
4	Channel model simplification
The number of clusters, i.e. delay taps, of CDL models is reduced when beamforming antennas are embedded to both link ends and the dynamic range of 25dB is used to cut weak clusters. Corresponding parameter tables are shown with example antenna arrays in [7]. There the number of clusters within 25dB dynamic range is 8, 12, 6, 1, 3 in models CDL-A,B,C,D,E, respectively. Thus, the number of delay taps to simulate/emulate is reduced and the model is simplified substantially.
5	Conclusions
Two proposals are made:
Proposal 1: Choose CDL modelling approach for BS demodulation performance evaluations. 
Proposal 2: Choose five CDL models (CDL-A…E) coupled to five scenarios (UMi O2I NLOS, UMi NLOS, Indoor NLOS, Indoor LOS, UMi LOS) with angular and delays scaling parameters from TR 39.901, as shown in Tables 1 and 2 above.
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