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Introduction
In RAN1 #85 [1] and email discussion [85-14], evaluation assumptions for the high speed train scenario at around 30GHz were agreed [2,3]. In this contribution, possible implementations of the relay stations on the train are illustrated and CDL-D parameters modified according to the agreement in the email discussion are shown. This contribution is summarized as follows. Illustrations of the deployment are shown in Section 2. The modified CDL-D and motivation behind the modification is described in Section 3. The agreed parameters are summarized in Appendix of the contribution.
High speed scenario: scenario descriptions
A view from the side of the train is shown in Figure 1 and Figure 2. As agreed in the email discussion, it is assumed that height of relay station and RRH are at 2.5m. The detailed parameters of the scenario are shown in Table 5 in Appendix.
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[bookmark: _Ref456275727]Figure 1 : Side view of the RRH, train and relay station, relay antenna installed on top of the roof
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[bookmark: _Ref458440710]Figure 2 : Side view of the RRH, train and relay station, relay antenna installed on the front end of the train
Modified CDL-D model parameters
In this section, the details of CDL-D model are described. Power for each cluster, AoD, AoA, ZoD and ZoA are scaled according to the normalization values agreed in the email discussion. Delay and power parameters for the CDL-D model are shown in Table 2 through Table 5 for each combination of angular spread and per channel K factor. 
[bookmark: _GoBack]Table 1 summarizes the normalization parameters and respective table numbers. For example, Table 2 contains the parameters in CDL-D with (ASD, ASA, ZSA, ZSD)= (5, 5, 1, 1) and per channel K-factor of 13.3dB.

[bookmark: _Ref458688906]Table 1 Summary of table numbers and normalization parameters
	Table #
	Angular spreads (ASD, ASA, ZSA, ZSD)
	Per channel K-factor

	2
	(5, 5, 1, 1)
	13.3dB

	3
	(5, 15, 1, 5)
	13.3dB

	4
	(5, 5, 1, 1)
	7dB

	5
	(5, 15, 1, 5)
	7dB



The angle scaling function used in adjustment of the parameters is shown in (1) below. 

				(1)

In this scenario,  in (1) is used such that the parameters in CDL-D reflect the environment agreed in the email discussion. Recall from the agreement in the email discussion, which is also shown in the Appendix of this contribution, that height of relay and RRH are 2.5m. Thus, ZoD and ZoA of the LOS component in the CDL-D model are set at 90 degrees, creating a leveled LOS path. Offsets are added to AoD and AoA so that the modified angles are 0 and -180 degrees for the LOS path, respectively.
In addition to the DS scaling, power scaling, as described in Table 7.7.6-1 in [5], is performed so that the per-channel K factor of the CDL-D model is scaled up to 13.3dB or 7.0dB. 

Observation 1: ZoD and ZoA for the LOS path is adjusted so that the LOS path is leveled to reflect the leveled height of RRH and relay station at 2.5m

Observation 2: Offsets are added to AoD and AoA so that the modified angles are 0 and -180 degrees for the LOS path, respectively

[bookmark: _Ref458680977]Table 2 Modified parameters for CDL-D with (ASD, ASA, ZSA, ZSD)=(5, 5, 1, 1), per channel K factor 13.3 dB
[image: ]

[bookmark: _Ref458681699]Table 3 Modified parameters for CDL-D with (ASD, ASA, ZSA, ZSD)=(5, 15, 1, 5), per channel K factor 13.3 dB
[image: ]

[bookmark: _Ref458681826]Table 4 Modified parameters for CDL-D with (ASD, ASA, ZSA, ZSD)=(5, 1, 1, 1), per channel K factor 7.0 dB
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[bookmark: _Ref458682520]Table 5 Modified parameters for CDL-D with (ASD, ASA, ZSA, ZSD)=(5, 15, 1, 5), per channel K factor 7.0 dB
[image: ]

Conclusion
The evaluation assumptions for the high speed scenario at 30GHz are explained in this contribution. The modified CDL-D model is shown and motivation behind the modification is described in the contribution.  In the contribution, we have made the following modification.

Observation 1: ZoD and ZoA for the LOS path is adjusted so that the LOS path is leveled to reflect the leveled height of RRH and relay station at 2.5m.

Observation 2: Offsets are added to AoD and AoA so that the modified angles are 0 and -180 degrees for the LOS path, respectively

According to the observation, the CDL-D model is adjusted as shown in Table 2 through 5 and we make the following proposal:

Proposal: Adopt the CDL-D channel parameters shown in Table 2 through 5 in this contribution for the high speed train scenario for RRH and relay at 30GHz.


Table 2 Modified parameters for CDL-D with (ASD, ASA, ZSA, ZSD)=(5, 5, 1, 1), per channel K factor 13.3 dB
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Table 3 Modified parameters for CDL-D with (ASD, ASA, ZSA, ZSD)=(5, 15, 1, 5), per channel K factor 13.3 dB
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Table 4 Modified parameters for CDL-D with (ASD, ASA, ZSA, ZSD)=(5, 1, 1, 1), per channel K factor 7.0 dB
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Table 5 Modified parameters for CDL-D with (ASD, ASA, ZSA, ZSD)=(5, 15, 1, 5), per channel K factor 7.0 dB
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Appendix
The layout of RRH, relay station installed on the train and track is shown in Figure 3. 

[image: ]
[bookmark: _Ref456275499]Figure 3 : Layout of RRH, track and train [2]

The agreed parameters in the email discussion are shown in Table 5.

[bookmark: _Ref456276659]Table 6 : Table of parameters
	RRH

	Layout
	As agreed in R1-165484

	Inter-RRH distance
	As agreed in R1-165484

	Carrier frequency
	30GHz

	Aggregated system bandwidth
	Up to 1GHz (DL+UL)

	Simulation bandwidth
	80 MHz
Other values greater than 80MHz can be considered

	Channel model
	CDL-D, with DS=10 ns and K-factor = {7, 13.3}* dB with the following scaling angle spreads

	Parameter set #
	ASD
	ASA
	ZSA
	ZSD

	1
	5
	5
	1
	1

	2
	5
	15
	5
	1



TDL-D with DS=10ns and K-factor = {7, 13.3}* dB

* Other values are not precluded. “K-factor” here refers to K_desired in Section 7.7.6 in TR38.900, or “per-channel K factor” in R1-165440. For other candidate values for K-factor, the values in Table 7.5-6 in TR38.900 can also be used as a reference. [4, 5]

NOTE:
· Companies need to report the Doppler spread or shift model used in the evaluation
· If considered necessary, companies should report the intracell delayed signal model considered in the evaluation. For an illustrative example of an intracell delayed signal model, refer to the figure below.

[image: ]

· Other channel models are not precluded. If a company proposes a new channel model or alternative set of parameters, the company must provide justification for the proposal. Whether we need a new channel model for the high speed train scenario is FFS

	RRH and Relay power 
EIRP
NOTE1
	RRH Tx power: 30dBm
Relay Tx power： 27dBm
System bandwidth: 100 MHz or more 

-EIRP for RRH should not exceed 69 dBm**
-EIRP for relay should not exceed 43 dBm

**This value is tentative. Once more concrete inputs are made, this value can be revisited

	RRH antenna elements
	Up to 256 TX/RX antenna elements

	RRH antenna architecture
(M,N,P,Mg,Ng), dH,dV,dH,g,dV,g
	dH=dV=0.5 
-For unidirectional beam: 
(8, 16, 2, 1, 1), 
Other configurations such as (8,8,2,1,1) or (4,8,2,2,2) with dH,g=8.0,dV,g=4.0 are not precluded for unidirectional beam
-For bidirectional beam: 
(4,8,2,2,2) with dH,g=8.0,dV,g=4.0
Other configurations are not precluded for bidirectional beam

	RRH Antenna element radiation pattern
	



Other values are not precluded

	RRH antenna height 
	2.5 m

	RRH receiver noise figure NOTE1
	7dB

	Relay

	Relay antenna elements
	Up to 256 TX/RX antenna elements

	Relay antenna architecture
(M,N,P,Mg,Ng), dH,dV,dH,g,dV,g
	dH=dV=0.5 
-For unidirectional beam: 
(8, 16, 2, 1, 1), 
Other configurations such as (8,8,2,1,1) or (4,8,2,2,2) with dH,g=8.0,dV,g=4.0 are not precluded for unidirectional beam
-For bidirectional beam: 
(4,8,2,2,2) with dH,g=8.0,dV,g=4.0
Other configurations are not precluded for bidirectional beam

	Relay antenna element radiation pattern
	



Optional set of parameters




Other values are not precluded

	Relay antenna height 
NOTE1
	2.5 m

	Relay receiver noise figure NOTE1
	7dB

	Channel estimation
	Realistic

	Maximum speed
	500 km/hr

	Phase noise model, MCS and channel coding

	Phase noise model
	Follow the agreement in R1-165685 [6]

	MCS, channel coding
	Companies report coding or modulation schemes with the parameters used in the evaluations. The modulation schemes under study in RAN1 and coding schemes studied in RAN1#84b and RAN1#85 can be considered. For turbo code, QPSK(pi/4) 1/3, QPSK: 1/2, QPSK: 1/3, 16QAM: 1/2 or 2/3; 64QAM: 1/2 or 3/4; 256QAM ¾ are recommended



Other evaluation assumptions
· Following the working assumption of baseline subcarrier spacing of 15 kHz and scaling factor of 2n) can be considered. Other values are not precluded. Each company should provide the corresponding FFT size, CP length, and TTI.
· Each company should specify whether TDD or FDD is assumed.
· Each company should specify which MIMO mode is used (i.e., open-loop, closed-loop, etc)

NOTE1: The parameter can be used as a system-level or link-level simulation parameter. Link-level simulation is recommended (As agreed in R1-165484) here.
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Cluster Modified Power Modified AoD Modified AoA Modified ZoD Modified ZoA

# dB º º º º

Specular(LOS path) 0 -0.2 0 -180 90 90

Laplacian 0 -17.8 0 -180 90 90

2 Laplacian 0.035 -23.1 89.2 123.3 85.7 91.8

3 Laplacian 0.612 -25.3 89.2 123.3 85.7 91.8

4 Laplacian 1.363 -27.1 89.2 123.3 85.7 91.8

5 Laplacian 1.405 -22.2 13 169.4 89.7 89.3

6 Laplacian 1.804 -24.4 13 169.4 89.7 89.3

7 Laplacian 2.596 -26.2 13 169.4 89.7 89.3

8 Laplacian 1.775 -27.2 34.6 -153.1 90 88.9

9 Laplacian 4.042 -32.1 -64.5 114.1 86.6 87.4

10 Laplacian 7.937 -27.9 -32.9 147.3 87.6 88.9

11 Laplacian 9.424 -29.1 52.6 -142.3 91.8 91.8

12 Laplacian 9.708 -34.3 -132.1 -73.2 83.9 86.4

13 Laplacian 12.525 -32 77.2 -119.9 86 87.1
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Cluster Modified Power Modified AoD Modified AoA Modified ZoD Modified ZoA

# dB º º º º

Specular(LOS path) 0 -0.2 0 -180 90 90

Laplacian 0 -17.8 0 -180 90 90

2 Laplacian 0.055 -23.1 89.2 9.7 85.7 99

3 Laplacian 0.96 -25.3 89.2 9.7 85.7 99

4 Laplacian 2.137 -27.1 89.2 9.7 85.7 99

5 Laplacian 2.203 -22.2 13 148.1 89.7 86.5

6 Laplacian 2.829 -24.4 13 148.1 89.7 86.5

7 Laplacian 4.071 -26.2 13 148.1 89.7 86.5

8 Laplacian 2.783 -27.2 34.6 -99.4 90 84.5

9 Laplacian 6.338 -32.1 -64.5 -17.8 86.6 76.8

10 Laplacian 12.446 -27.9 -32.9 81.9 87.6 84.7

11 Laplacian 14.778 -29.1 52.6 -66.8 91.8 99.2

12 Laplacian 15.223 -34.3 -132.1 140.4 83.9 71.8

13 Laplacian 19.64 -32 77.2 0.4 86 75.7
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Cluster Modified Power Modified AoD Modified AoA Modified ZoD Modified ZoA

# dB º º º º

Specular(LOS path) 0 -0.8 0 -180 90 90

Laplacian 0 -12.1 0 -180 90 90

2 Laplacian 0.029 -17.4 89.2 123.2 85.7 91.8

3 Laplacian 0.505 -19.6 89.2 123.2 85.7 91.8

4 Laplacian 1.126 -21.4 89.2 123.2 85.7 91.8

5 Laplacian 1.16 -16.5 13 169.4 89.7 89.3

6 Laplacian 1.49 -18.7 13 169.4 89.7 89.3

7 Laplacian 2.144 -20.5 13 169.4 89.7 89.3

8 Laplacian 1.466 -21.5 34.6 -153.1 90 88.9

9 Laplacian 3.338 -26.4 -64.5 114.1 86.6 87.4

10 Laplacian 6.555 -22.2 -32.9 147.3 87.6 88.9

11 Laplacian 7.783 -23.4 52.6 -142.3 91.8 91.8

12 Laplacian 8.017 -28.6 -132.1 -73.2 83.9 86.4

13 Laplacian 10.344 -26.3 77.2 -119.9 86 87.1
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Cluster Modified Power Modified AoD Modified AoA Modified ZoD Modified ZoA
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6 Laplacian 1.49 -18.7 13 148.1 89.7 86.5
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9 Laplacian 3.338 -26.4 -64.5 -17.8 86.6 76.8

10 Laplacian 6.555 -22.2 -32.9 81.9 87.6 84.7

11 Laplacian 7.783 -23.4 52.6 -66.8 91.8 99.2

12 Laplacian 8.017 -28.6 -132.1 140.4 83.9 71.8
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