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1 Introduction

At RAN Plenary#69, it was agreed that 3GPP should study performance and feasibility of using high frequency spectrum for further evolution beyond LTE-Advanced and for technology advancement towards 5G (Study Item Description in [1]). The aim of the study is to develop a channel model framework for using high frequency spectrum up to 100 GHz. The Study Item should also consider possible implication of the new channel model on the existing 3D channel model for below 6 GHz, and take into account the outcome of RAN-level discussion and discussion in the ‘5G’ requirement study item [5]. 
The channel model requirements were agreed in Malta [5].

Contribution [2] presented in the Ljubljana meeting proposed a set of link level channel models for RAN1 link level simulations. However, it is not clear how to extend those models to higher frequency, wider bandwidth, and larger antenna arrays. For example, 64 Tx antennas and 8 Rx antennas would lead to 512x512 MIMO correlation matrix. The number of elements of that matrix would be 262144, which is far too much for a TR.

RAN1 Ad Hoc meeting for Channel Model in Ljubljana agreed the way forward on link level channel models as follows [6], [7]: 

Agree on R1-161736 with the following modifications
· Revise scenario names to CDL-A,B,C and TDL-A,B,C.

· Normalize delays in the tables so that RMS delay spread is 1 sec.

· Provide examples of delay spreads in terms of a scaling parameter

· The example scaling parameters are selected such that the RMS delay spreads are aligned with the typical 5G evaluation scenarios. Exact values are FFS

· For modeling effect of beamforming in a simplified way, an antenna pattern of brick wall (a rectangular mask) is introduced.

· This will give a TDL model from a CDL model

· Power should be normalized after the masking

· Angle scaling FFS

· Details FFS

Additionally, a one week email discussion by March 23 on example scaling parameters was agreed (Coordinator: Huawei). The output of that email discussion is as follows.
1. Adopt the delay scaling values of {10, 30, 100, 300, 1000} as an outcome of this email discussion. The next RAN1 meeting in Busan will decide if the 10 ns is really needed for NLOS. (For example, a new LOS model may provide shorter delay spread, e.g. 10 ns.)

2. Capture the table from Sooyoung (with including Henrik’s suggested values for 2GHz) in the TR for information.

a. Agree in principle: TR will also capture some reasoning on the range of delay spreads in different scenarios and the possibility to use other scaling values than those in the table if the need arises.

3. Companies are encouraged to propose CDL and TDL models for LOS scenario.

4. Companies are encouraged to check the delay spread values in R1-161736 until the next meeting.

This contribution proposes focuses on the item 3. above, i.e. proposes CDL and TDL models for LOS scenario.
2 Clustered Delay Line Models 

The CDL-D is based on InH LOS, original DS = 22.1749 ns, normalized to 1 s.

The CDL-E is based on UMa LOS, original DS = 1324.7 ns, normalized to 1 s.

The TDL-D is made from the CDL-D, and TDL-E from CDL-E.

Table 1. CDL-D.

	Clusters

	Cluster
	Cluster
	Delay
	Power
	AoD
	AoA
	ZoD
	ZoA

	#
	PAS
	s
	dB
	º
	º
	º
	º

	1
	Specular (LOS path)
	0
	0
	0
	-180
	98.5
	81.5

	
	Laplacian
	0
	-5.3
	0
	-180
	98.5
	81.5

	2
	Laplacian
	0.0254
	-14.3
	89.2
	89.2
	85.5
	86.9

	3
	Laplacian
	0.4380
	-16.5
	89.2
	89.2
	85.5
	86.9

	4
	Laplacian
	0.9760
	-18.3
	89.2
	89.2
	85.5
	86.9

	5
	Laplacian
	1.0055
	-13.4
	13
	163
	97.5
	79.4

	6
	Laplacian
	1.2913
	-15.6
	13
	163
	97.5
	79.4

	7
	Laplacian
	1.8579
	-17.4
	13
	163
	97.5
	79.4

	8
	Laplacian
	1.2707
	-18.4
	34.6
	-137
	98.5
	78.2

	9
	Laplacian
	2.8933
	-23.3
	-64.5
	74.5
	88.4
	73.6

	10
	Laplacian
	5.6812
	-19.1
	-32.9
	127.7
	91.3
	78.3

	11
	Laplacian
	6.7457
	-20.3
	52.6
	-119.6
	103.8
	87

	12
	Laplacian
	6.9489
	-30.0
	-132.1
	-9.1
	80.3
	70.6

	13
	Laplacian
	8.9657
	-23.2
	77.2
	-83.8
	86.5
	72.9

	14
	Laplacian
	8.9232
	-28.7
	123.3
	-18.6
	109.4
	91.9

	Per-Cluster Parameters

	Parameter
	ASD
	ASA
	ZSD
	ZSA
	XPR

	Unit
	º
	º
	º
	º
	dB

	Value
	5
	8
	3
	3
	11


Table 2. CDL-E.

	
	Clusters

	Cluster
	Cluster
	Delay
	Power
	AoD
	AoA
	ZoD
	ZoA

	#
	PAS
	s
	dB
	º
	º
	º
	º

	1
	Specular (LOS path)
	0.0000
	0
	0
	-180
	99.6
	80.4

	
	Laplacian
	0.0000
	-12.6
	0
	-180
	99.6
	80.4

	2
	Laplacian
	0.2718
	-8.8
	57.5
	18.2
	104.2
	80.4

	3
	Laplacian
	0.2882
	-11.1
	57.5
	18.2
	104.2
	80.4

	4
	Laplacian
	0.2984
	-12.8
	57.5
	18.2
	104.2
	80.4

	5
	Laplacian
	0.2882
	-15.9
	-20.1
	101.8
	99.4
	80.8

	6
	Laplacian
	0.3769
	-15.4
	16.2
	112.9
	100.8
	86.3

	7
	Laplacian
	1.0119
	-11.6
	9.3
	-155.5
	98.8
	82.7

	8
	Laplacian
	1.0227
	-13.8
	9.3
	-155.5
	98.8
	82.7

	9
	Laplacian
	1.0384
	-15.6
	9.3
	-155.5
	98.8
	82.7

	10
	Laplacian
	1.4008
	-15.3
	19
	-143.3
	100.8
	82.9

	11
	Laplacian
	1.9686
	-18.6
	32.7
	-94.7
	96.4
	88

	12
	Laplacian
	2.8902
	-13.2
	0.5
	147
	98.9
	81

	13
	Laplacian
	6.3626
	-22.8
	55.9
	-36.2
	95.6
	88.6

	14
	Laplacian
	6.4961
	-28
	73.3
	-21.7
	104.7
	75.8

	15
	Laplacian
	10.9470
	-22.9
	57.6
	-26
	104.6
	78.3

	16
	Laplacian
	10.9456
	-27.1
	67.2
	-20.3
	106.1
	92.6

	
	Per-Cluster Parameters

	
	Parameter
	ASD
	ASA
	ZSD
	ZSA
	XPR

	
	Unit
	º
	º
	º
	º
	dB

	
	Value
	5
	11
	3
	7
	8


3 Tapped Delay Line Models 

Table 4. TDL-D.

	
	

	Tap
	Delay
	Power
	Fading distribution

	#
	ns
	dB
	

	1
	0
	0
	Rice, K = 5.3 dB

	2
	0.0254
	-15.4
	Rayleigh

	3
	0.4384
	-17.6
	Rayleigh

	4
	0.9770
	-19.4
	Rayleigh

	5
	1.0065
	-14.5
	Rayleigh

	6
	1.2925
	-16.7
	Rayleigh

	7
	1.8597
	-18.5
	Rayleigh

	8
	1.2719
	-19.5
	Rayleigh

	9
	2.8960
	-24.4
	Rayleigh

	10
	5.6866
	-20.2
	Rayleigh

	11
	6.7520
	-21.4
	Rayleigh

	12
	6.9555
	-32.1
	Rayleigh

	13
	8.9741
	-24.3
	Rayleigh

	14
	8.9316
	-29.8
	Rayleigh


Table 5. TDL-E.

	

	Tap
	Delay
	Power
	Fading distribution

	#
	ns
	dB
	

	1
	0
	0
	Rice, K = 12.6 dB

	2
	0.2713
	-9.0
	Rayleigh

	3
	0.2876
	-11.3
	Rayleigh

	4
	0.2978
	-13.0
	Rayleigh

	5
	0.2876
	-16.1
	Rayleigh

	6
	0.3761
	-15.6
	Rayleigh

	7
	1.0098
	-11.8
	Rayleigh

	8
	1.0205
	-14.0
	Rayleigh

	9
	1.0362
	-15.8
	Rayleigh

	10
	1.3978
	-15.5
	Rayleigh

	11
	1.9645
	-18.8
	Rayleigh

	12
	2.8842
	-13.4
	Rayleigh

	13
	6.3493
	-23.0
	Rayleigh

	14
	6.4825
	-28.2
	Rayleigh

	15
	10.9240
	-23.1
	Rayleigh

	16
	10.9227
	-27.3
	Rayleigh


4 Proposal
Proposal 1: The LOS link level channel models described in this document should be included in the channel model TR.
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