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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 updated link level channel model based on the e-mail discussion. This contribution concerns items 1, 2 & 4.
2 Clustered Delay Line Models 

The clustered delay line (CDL) approach for link level channel model was adopted by ITU-R for IMT-Advanced [3]. In this contribution we follow the same principles as in the ITU report, but extend it to 3D according to WINNER+. Parameters are generated by the GCM Tool of Keysight, and further adjusted to extend the bandwidth. The CDL models are defined for the full frequency range from 0.5 GHz to 100 GHz with a maximum bandwidth of 2 GHz. TDL model are further simplified and presented in Section 3. Both CDL and TDL models are defined for Indoor, Urban Microcell, and Urban Macrocell scenarios.

CDL models can be implemented, e.g., by the Step 10 of [4]. 

The r.m.s. delay spread values are normalized to 1 s (the original values for Indoor, Urban Microcell and Urban Macrocell were 44.1 ns, 51.2 ns, and 455.6 ns, respectively). Before using the models, the delays should be scaled according to the desired delay spread.
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The example scaling parameters are selected such that the RMS delay spreads are aligned with the typical 5G evaluation scenarios. The numbers are shown below.

	Model
	DS
	Comments

	Very short delay spread
	10 ns
	indoor LOS

	Short delay spread
	30 ns
	indoor NLOS, urban microcell

	Nominal delay spread
	100 ns
	urban microcell

	Long delay spread
	300 ns
	urban macrocell

	Very long delay spread
	1000 ns
	urban macrocell


Large table of scenario specific scaling factors is for information only.

	Proposed Scaling Factor
	Huawei, 
HiSilicon,
Keysight, 
Spirent
	Ericsson
 (R1-161706, 1661, 1677)
	Frequency [GHz]

	
	
	2 GHz
	6
	15
	28
	39
	60
	70

	Indoor office
	Short-delay profile
	
	
	28.4 
	22.5 
	19.1 
	17.4 
	15.5 
	14.9 

	
	Normal-delay profile
	44.1
	29
	44.1 
	33 
	26.8 
	24 
	20.7 
	19.6 

	
	Long-delay profile
	
	50
	63.6 
	53 
	46.4 
	43.2 
	39.3 
	38 

	UMi 
Street-canyon
	Short-delay profile
	
	
	42.8 
	36.2 
	32.2 
	30.2 
	27.7 
	26.9 

	
	Normal-delay profile
	51.2
	102
	87.6 
	73.6
	65 
	60.8 
	55.6 
	53.9 

	
	Long-delay profile
	
	281
	306.8 
	305.5 
	304.5 
	304 
	303.3 
	303.1 

	UMa
	Short-delay profile
	
	
	12.7 
	11.6 
	10.9 
	10.6 
	10.2 
	10 

	
	Normal-delay profile
	455.6
	380
	364.1 
	302.1 
	265.9 
	248.6 
	227.6 
	220.6 

	
	Long-delay profile
	
	1156
	1149.4 
	953.4 
	839.4 
	784.6 
	718.6 
	696.3 


Table 1. CDL-A.

	Clusters

	Cluster
	Delay
	Power
	AoD
	AoA
	ZoD
	ZoA

	#
	ns
	dB
	º
	º
	º
	º

	1
	0.0000
	-13.4
	-178.1
	51.3
	50.2
	125.4

	2
	0.3819
	0
	-4.2
	-152.7
	93.2
	91.3

	3
	0.4025
	-2.2
	-4.2
	-152.7
	93.2
	91.3

	4
	0.5868
	-4
	-4.2
	-152.7
	93.2
	91.3

	5
	0.4610
	-6
	90.2
	76.6
	122
	94

	6
	0.5375
	-8.2
	90.2
	76.6
	122
	94

	7
	0.6708
	-9.9
	90.2
	76.6
	122
	94

	8
	0.5750
	-10.5
	121.5
	-1.8
	150.2
	47.1

	9
	0.7618
	-7.5
	-81.7
	-41.9
	55.2
	56

	10
	1.5375
	-15.9
	158.4
	94.2
	26.4
	30.1

	11
	1.8978
	-6.6
	-83
	51.9
	126.4
	58.8

	12
	2.2242
	-16.7
	134.8
	-115.9
	171.6
	26

	13
	2.1718
	-12.4
	-153
	26.6
	151.4
	49.2

	14
	2.4942
	-15.2
	-172
	76.6
	157.2
	143.1

	15
	2.5119
	-10.8
	-129.9
	-7
	47.2
	117.4

	16
	3.0582
	-11.3
	-136
	-23
	40.4
	122.7

	17
	4.0810
	-12.7
	165.4
	-47.2
	43.3
	123.2

	18
	4.4579
	-16.2
	148.4
	110.4
	161.8
	32.6

	19
	4.5695
	-18.3
	132.7
	144.5
	10.8
	27.2

	20
	4.7966
	-18.9
	-118.6
	155.3
	16.7
	15.2

	21
	5.0066
	-16.6
	-154.1
	102
	171.7
	146

	22
	5.3043
	-19
	126.5
	-151.8
	22.7
	150.7

	23
	9.6586
	-33.1
	-56.2
	55.2
	144.9
	156.1

	Per-Cluster Parameters

	Parameter
	ASD
	ASA
	ZSD
	ZSA
	XPR

	Unit
	º
	º
	º
	º
	dB

	Value
	5
	11
	3
	3
	10


Table 2. CDL-B.

	Clusters

	Cluster
	Delay
	Power
	AoD
	AoA
	ZoD
	ZoA

	#
	ns
	dB
	º
	º
	º
	º

	1
	0.0000
	0
	9.3
	-173.3
	105.8
	78.9

	2
	0.1072
	-2.2
	9.3
	-173.3
	105.8
	78.9

	3
	0.2155
	-4
	9.3
	-173.3
	105.8
	78.9

	4
	0.2095
	-3.2
	-34.1
	125.5
	115.3
	63.3

	5
	0.2870
	-9.8
	-65.4
	-88.0
	119.3
	59.9

	6
	0.2986
	-1.2
	-11.4
	155.1
	103.2
	67.5

	7
	0.3752
	-3.4
	-11.4
	155.1
	103.2
	67.5

	8
	0.5055
	-5.2
	-11.4
	155.1
	103.2
	67.5

	9
	0.3681
	-7.6
	-67.2
	-89.8
	118.2
	82.6

	10
	0.3697
	-3
	52.5
	132.1
	102.0
	66.3

	11
	0.5700
	-8.9
	-72
	-83.6
	100.4
	61.6

	12
	0.5283
	-9
	74.3
	95.3
	98.3
	58.0

	13
	1.1021
	-4.8
	-52.2
	103.7
	103.4
	78.2

	14
	1.2756
	-5.7
	-50.5
	-87.8
	102.5
	82.0

	15
	1.5474
	-7.5
	61.4
	-92.5
	101.4
	62.4

	16
	1.7842
	-1.9
	30.6
	-139.1
	103.0
	78.0

	17
	2.0169
	-7.6
	-72.5
	-90.6
	100.0
	60.9

	18
	2.8294
	-12.2
	-90.6
	58.6
	115.2
	82.9

	19
	3.0219
	-9.8
	-77.6
	-79.0
	100.5
	60.8

	20
	3.6187
	-11.4
	-82.6
	65.8
	119.6
	57.3

	21
	4.1067
	-14.9
	-103.6
	52.7
	118.7
	59.9

	22
	4.2790
	-9.2
	75.6
	88.7
	117.8
	60.1

	23
	4.7834
	-11.3
	-77.6
	-60.4
	115.7
	62.3

	Per-Cluster Parameters

	Parameter
	ASD
	ASA
	ZSD
	ZSA
	XPR

	Unit
	º
	º
	º
	º
	dB

	Value
	10
	22
	3
	7
	8


Table 3. CDL-C.

	Clusters

	Cluster
	Delay
	Power
	AoD
	AoA
	ZoD
	ZoA

	#
	ns
	dB
	º
	º
	º
	º

	1
	0
	-4.4
	-46.6
	-101
	97.2
	87.6

	2
	0.209875
	-1.2
	-22.8
	120
	98.6
	72.1

	3
	0.22187
	-3.5
	-22.8
	120
	98.6
	72.1

	4
	0.232879
	-5.2
	-22.8
	120
	98.6
	72.1

	5
	0.217575
	-2.5
	-40.7
	-127.5
	100.6
	70.1

	6
	0.636635
	0
	0.3
	170.4
	99.2
	75.3

	7
	0.644775
	-2.2
	0.3
	170.4
	99.2
	75.3

	8
	0.655969
	-3.9
	0.3
	170.4
	99.2
	75.3

	9
	0.658398
	-7.4
	73.1
	55.4
	105.2
	67.4

	10
	0.793459
	-7.1
	-64.5
	66.5
	95.3
	63.8

	11
	0.821327
	-10.7
	80.2
	-48.1
	106.1
	71.4

	12
	0.933566
	-11.1
	-97.1
	46.9
	93.5
	60.5

	13
	1.228542
	-5.1
	-55.3
	68.1
	103.7
	90.6

	14
	1.308304
	-6.8
	-64.3
	-68.7
	104.2
	60.1

	15
	2.170372
	-8.7
	-78.5
	81.5
	93.0
	61.0

	16
	2.710537
	-13.2
	102.7
	30.7
	104.2
	100.7

	17
	4.258948
	-13.9
	99.2
	-16.4
	94.9
	62.3

	18
	4.600331
	-13.9
	88.8
	3.8
	93.1
	66.7

	19
	5.490161
	-15.8
	-101.9
	-13.7
	92.2
	52.9

	20
	5.60767
	-17.1
	92.2
	9.7
	106.7
	61.8

	21
	6.306514
	-16
	93.3
	5.6
	93.0
	51.9

	22
	6.637365
	-15.7
	106.6
	0.7
	92.9
	61.7

	23
	7.042686
	-21.6
	119.5
	-21.9
	105.2
	58

	24
	8.652312
	-22.8
	-123.8
	33.6
	107.8
	57

	Per-Cluster Parameters

	Parameter
	ASD
	ASA
	ZSD
	ZSA
	XPR

	Unit
	º
	º
	º
	º
	dB

	Value
	2
	15
	3
	7
	7


3 Tapped Delay Line Models 

Table 4. TDL-A.

	

	Tap
	Delay
	Power

	#
	ns
	dB

	1
	0.0000
	-13.4

	2
	0.3819
	0

	3
	0.4025
	-2.2

	4
	0.5868
	-4

	5
	0.4610
	-6

	6
	0.5375
	-8.2

	7
	0.6708
	-9.9

	8
	0.5750
	-10.5

	9
	0.7618
	-7.5

	10
	1.5375
	-15.9

	11
	1.8978
	-6.6

	12
	2.2242
	-16.7

	13
	2.1718
	-12.4

	14
	2.4942
	-15.2

	15
	2.5119
	-10.8

	16
	3.0582
	-11.3

	17
	4.0810
	-12.7

	18
	4.4579
	-16.2

	19
	4.5695
	-18.3

	20
	4.7966
	-18.9

	21
	5.0066
	-16.6

	22
	5.3043
	-19

	23
	9.6586
	-33.1


Table 5. TDL-B.

	

	Tap
	Delay
	Power

	#
	ns
	dB

	1
	0.0000
	0

	2
	0.1072
	-2.2

	3
	0.2155
	-4

	4
	0.2095
	-3.2

	5
	0.2870
	-9.8

	6
	0.2986
	-1.2

	7
	0.3752
	-3.4

	8
	0.5055
	-5.2

	9
	0.3681
	-7.6

	10
	0.3697
	-3

	11
	0.5700
	-8.9

	12
	0.5283
	-9

	13
	1.1021
	-4.8

	14
	1.2756
	-5.7

	15
	1.5474
	-7.5

	16
	1.7842
	-1.9

	17
	2.0169
	-7.6

	18
	2.8294
	-12.2

	19
	3.0219
	-9.8

	20
	3.6187
	-11.4

	21
	4.1067
	-14.9

	22
	4.2790
	-9.2

	23
	4.7834
	-11.3


Table 6. TDL-C.

	

	Tap
	Delay
	Power

	#
	ns
	dB

	1
	0
	-4.4

	2
	0.209875
	-1.2

	3
	0.22187
	-3.5

	4
	0.232879
	-5.2

	5
	0.217575
	-2.5

	6
	0.636635
	0

	7
	0.644775
	-2.2

	8
	0.655969
	-3.9

	9
	0.658398
	-7.4

	10
	0.793459
	-7.1

	11
	0.821327
	-10.7

	12
	0.933566
	-11.1

	13
	1.228542
	-5.1

	14
	1.308304
	-6.8

	15
	2.170372
	-8.7

	16
	2.710537
	-13.2

	17
	4.258948
	-13.9

	18
	4.600331
	-13.9

	19
	5.490161
	-15.8

	20
	5.60767
	-17.1

	21
	6.306514
	-16

	22
	6.637365
	-15.7

	23
	7.042686
	-21.6

	24
	8.652312
	-22.8


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