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1. Introduction

(1) RAN1 work in R11 on study real-life issue for DL/UL MIMO transmission

DL MIMO SI for R11 is prioritized and will be started before other R11 SI in RAN1#65. Issues from real-life DL MIMO deployments will be discussed. As indicated from realistic channel measurement campaign, we found several issues regarding to the real backhaul channel model compared to ITU UMi/UMa channel for both LOS/NLOS component
· Less delay spread 

· Less Angle spread for both AoA and AoD

· Cross-correlations between Delay Spread and Angle Spread

· Number of clusters

This is mainly because of the different antenna heights among eNB, RN and UE, which will lead to different scattering environment and propagation mechanisms. Some extracted fast fading parameters for eNB-RN and RN-UE from measurement in typical urban scenarios have been compared to those of ITU Urban Macro and Micro, and big differences have been observed.
(2) Lack of Relay backhaul channel model for fast fading
In RAN1 #58 meeting, path loss models for three links in outdoor Relay scenarios, i.e., Macro-Relay, Relay-UE and Macro-UE, have been decided and captured in [2]. However, corresponding small-scale channel model for relay backhaul and access link has not been touched and decided yet. The small-scale model reflects the frequency and time selectivity, and Doppler Effect of wireless channel, and plays an important role in system design, especially the backhaul link capacity evaluation and optimization.

Considering the need of studying relay backhaul performance as indicated by Bullet (1), and due to lack of relay backhaul fast fading channel model as indicated by Bullet (2), we think
Proposal 1: To facilitate the RAN1 work on backhaul transmission, the small-scale fast fading model for relay scenarios should be setup and capture channel features of different scenarios, including eNB-RN and RN-UE.
This contribution discusses the small scale parameters of RN-UE and eNB-RN links from some field measurement campaign. Comparing with those of ITU UMa and UMi, it is found that the different propagation environment lead to quite different fast fading parameters. So the fast fading parameters for eNB-RN and RN-UE are proposed for urban scenarios. In addition, cluster delay line (CDL) models have also been given for calibration purposes or link level simulation.
2. Small scale parameters for RN-UE and eNB-RN
Since the antenna height of eNB and RN is quite different from each other, which may cause many differences among the spatial characteristic parameters of eNB-UE, RN-UE and eNB-RN. So it is not realistic to reuse the parameters of eNB-UE for RN-UE. On the other hand, parameters of the spatial fast fading are quite relevant with each other. it’s also very difficult to modify the values of eNB-UE to adapt to the scenario of RN-UE and eNB-RN directly. So a practical way is to have some field measurement and abstract a set of spatial fast fading parameters. 
To investigate the spatial channel characteristic of RN-UE and eNB-RN links, field measurement campaigns have been carried out in many typical urban scenarios, and the statistical parameters are abstracted from the measured data, with relay height of 5.5m [5]. 
The extracted fast fading parameters are shown as Table 1 with those of ITU UMa and UMi scenarios.
Table 1 Relay fast fading parameters in urban scenario V.S. ITU UMa and UMi parameters
	  Scenarios
	Relay-UE 
	Macro-Relay 
	ITU UMa
	ITU UMi

	
	LOS
	NLOS
	LOS
	NLOS
	LOS
	NLOS
	LOS
	NLOS

	Delay spread (DS)
log10(s)
	
	-7.05
	-6.83
	-7.1
	-6.76
	-7.03
	-6.44
	-7.19
	-6.89

	
	
	0.26
	0.18
	0.1
	0.22
	0.66
	0.39
	0.40
	0.54

	AoD spread (ASD) log10(degrees)
	
	1.25
	1.48
	1.36
	1.46
	1.15
	1.41
	1.20
	1.41

	
	
	0.29
	0.16
	0.21
	0.08
	0.28
	0.28
	0.43
	0.17

	AoA spread (ASA) log10(degrees)
	
	1.40
	1.56
	1.54
	1.6
	1.81
	1.87
	1.75
	1.84

	
	
	0.24
	0.18
	0.1
	0.11
	0.20
	0.11
	0.19
	0.15

	Shadow fading (SF) (dB)
	
	3
	5
	4
	6
	4
	6
	3
	4

	K-factor (K) (dB)
	
	7
	N/A
	9
	N/A
	9
	N/A
	9
	N/A

	
	
	5
	N/A
	4
	N/A
	3.5
	N/A
	5
	N/A

	Cross-correlations*
	ASD vs DS
	0.3
	0.3
	0
	0.6
	0.4
	0.4
	0.5
	0

	
	ASA vs DS
	0.5
	0
	0.3
	0
	0.8
	0.6
	0.8
	0.4

	
	ASA vs SF
	0
	0
	-0.3
	0
	-0.5
	0
	-0.4
	-0.4

	
	ASD vs SF
	0
	0
	0
	0
	-0.5
	-0.6
	-0.5
	0

	
	DS vs SF
	-0.8
	-0.8
	-0.3
	-0.3
	-0.4
	-0.4
	-0.4
	-0.7

	
	ASD vs ASA
	0
	0.5
	0
	0
	0
	0.4
	0.4
	0

	
	ASD vs 
	0
	N/A
	0
	N/A
	0
	N/A
	-0.2
	N/A

	
	ASA vs 
	0
	N/A
	0
	N/A
	-0.2
	N/A
	-0.3
	N/A

	
	DS vs 
	-0.5
	N/A
	0
	N/A
	-0.4
	N/A
	-0.7
	N/A

	
	SF vs 
	0.4
	N/A
	0.3
	N/A
	0
	N/A
	0.5
	N/A

	Delay distribution
	Exp
	Exp
	Exp
	Exp
	Exp
	Exp
	Exp
	Exp

	AoD and AoA distribution
	Wrapped Gaussian
	Wrapped Gaussian
	Wrapped Gaussian
	Wrapped Gaussian

	Delay scaling parameter  r(
	2.6
	1.9
	2.7
	1.7
	2.5
	2.3
	3.2
	3

	XPR (dB)
	
	8
	7
	9
	7
	8
	7
	9
	8

	Number of clusters
	11
	13
	9
	12
	12
	20
	12
	19

	Number of rays per cluster
	20
	20
	20
	20
	20
	20
	20
	20

	Cluster ASD
	3
	9
	3
	7
	5
	2
	3
	10

	Cluster ASA
	7
	10
	5
	8
	11
	15
	17
	22

	Per cluster shadowing std  (dB)
	3
	3
	3
	3
	3
	3
	3
	3

	Correlation distance (m)
	DS
	9
	12
	28
	34
	30
	40
	7
	10

	
	ASD
	10
	12
	19
	27
	18
	50
	8
	10

	
	ASA
	6
	9
	15
	24
	15
	50
	8
	9

	
	SF
	6
	7
	37
	55
	37
	50
	10
	13

	
	
	6
	N/A
	12
	N/A
	12
	N/A
	15
	N/A


From Table 1, we can see that there are big differences between relay involved links and the traditional links, which are ITU UMi and UMa, such as angular spread (both AOA and AOD), number of clusters, and correlation distance, and so on. 
Table.1 shows differences which are caused by different scattering environment and propagation mechanisms. For example, eNB-RN link have a higher probability to receive signals from far scatters than RN-UE and eNB-UE, while RN-UE is more likely to have wave-guide effect, which will lead to smaller angular spread. Note that, for simplicity of modeling, absolute value of cross-correlation smaller than 0.3 is set to 0.
The main differences can be highlighted as follows,

· Less Delay Spread 
	  Scenarios
	Relay-UE 
	Macro-Relay 
	ITU UMa
	ITU UMi

	
	LOS
	NLOS
	LOS
	NLOS
	LOS
	NLOS
	LOS
	NLOS

	Delay spread (DS)
log10(s)
	
	0.26
	0.18
	0.1
	0.22
	0.66
	0.39
	0.40
	0.54


· Less Angle spead for both AoA and AoD
	  Scenarios
	Relay-UE 
	Macro-Relay 
	ITU UMa
	ITU UMi

	
	LOS
	NLOS
	LOS
	NLOS
	LOS
	NLOS
	LOS
	NLOS

	AoD spread (ASD) log10(degrees)
	
	0.29
	0.16
	0.21
	0.08
	0.28
	0.28
	0.43
	0.17

	AoA spread (ASA) log10(degrees)
	
	0.24
	0.18
	0.1
	0.11
	0.20
	0.11
	0.19
	0.15


· Cross-correlations between Delay Spread and Angle Spread
Note that, during the measurement, for simplicity of modeling, absolute value of cross-correlation smaller than 0.3 is set to 0.
It can be observed that the correlation between DS/AS/SF is quite different than other scenarios.
· Number of clusters
It is naturally that less number of clusters for backhaul link compared to other link could be observed in the measurement campaign.
	  Scenarios
	Relay-UE 
	Macro-Relay 
	ITU UMa
	ITU UMi

	
	LOS
	NLOS
	LOS
	NLOS
	LOS
	NLOS
	LOS
	NLOS

	Number of clusters
	11
	13
	9
	12
	12
	20
	12
	19


3. Cluster delay line model
For calibration purpose, CDL models have also been proposed as in [3], which have fixed PDP and angular information, reducing model complexity. In addition, CDL models can also be applied in the link level simulation. 

In this proposal, both LOS and NLOS conditions of eNB-RN and RN-UE links have been given.
· eNB-RN
Table2 Scenario eNB-RN LOS Clustered Delay Line Model (K = 7.1dB)

	Clust

No.
	Delay

(ns)
	Power

(dB)
	AoD

(degrees)
	AoA

(degrees)
	Ray power

(dB)
	Cluster ASD = 3°
	Cluster ASA= 5°
	XPR = 9dB

	1
	0
	0
	0
	0
	-0.11
	-28.9
	
	
	

	2
	55
	-12.6
	55
	79
	-25.6
	
	
	

	3
	130
	-16.6
	-65
	98
	-29.6
	
	
	

	4
	165
	-14.9
	-61
	-85
	-27.9
	
	
	

	5
	205
	-16.3
	-57
	-82
	-29.3
	
	
	

	6
	240
	-21.0
	-68
	-105
	-34.0
	
	
	

	7
	360
	-23.0
	75
	115
	-36.0
	
	
	

	8
	495
	-19.8
	67
	-108
	-32.9
	
	
	

	9
	525
	-21.0
	-74
	-111
	-34.0
	
	
	


Table 3 Scenario eNB-RN NLOS Clustered Delay Line Model

	Clust

No.
	Delay

(ns)
	Power

(dB)
	AoD

(degrees)
	AoA

(degrees)
	Ray power

(dB)
	Cluster ASD = 7°
	Cluster ASA= 8°
	XPR = 7dB

	1
	0
	-3.3
	38
	38
	-16.3
	
	
	

	2
	30
	0.0
	1
	-1
	-13.0
	
	
	

	3
	200
	-7.2
	52
	66
	-20.2
	
	
	

	4
	290
	-2.3
	26
	33
	-15.3
	
	
	

	5
	325
	-3.6
	37
	-59
	-16.6
	
	
	

	6
	350
	-2.2
	30
	41
	-15.2
	
	
	

	7
	360
	-4.1
	-39
	-47
	-17.1
	
	
	

	8
	365
	-2.5
	28
	30
	-15.5
	
	
	

	9
	385
	-9.1
	-53
	-94
	-22.1
	
	
	

	10
	420
	-1.1
	-18
	31
	-14.1
	
	
	

	11
	965
	-15.1
	-71
	-100
	-28.1
	
	
	

	12
	1150
	-17.2
	-80
	-115
	-30.2
	
	
	


· RN-UE

Table 4 Scenario RN-UE LOS Clustered Delay Line Model (K = 5.2dB)

	Clust

No.
	Delay

(ns)
	Power

(dB)
	AoD

(degrees)
	AoA

(degrees)
	Ray power

(dB)
	Cluster ASD = 3°
	Cluster ASA=7°
	XPR = 8dB

	1
	0
	0
	0
	0
	-0.20
	-26.4
	
	
	

	2
	10
	-10.4
	-32
	-40
	-23.4
	
	
	

	3
	35
	-16.3
	41
	-56
	-29.3
	
	
	

	4
	145
	-21.4
	51
	72
	-34.4
	
	
	

	5
	170
	-16.2
	46
	62
	-29.2
	
	
	

	6
	180
	-17.5
	50
	65
	-30.5
	
	
	

	7
	205
	-18.3
	47
	69
	-31.3
	
	
	

	8
	285
	-14.9
	38
	61
	-27.9
	
	
	

	9
	320
	-17.8
	-43
	-61
	-30.8
	
	
	

	10
	455
	-22.0
	-47
	78
	-35.0
	
	
	

	11
	840
	-23.3
	-50
	77
	-36.3
	
	
	


Table 5 Scenario RN-UE NLOS Clustered Delay Line Model

	Clust

No.
	Delay

(ns)
	Power

(dB)
	AoD

(degrees)
	AoA

(degrees)
	Ray power

(dB)
	Cluster ASD = 9°
	Cluster ASA= 10°
	XPR = 7dB

	1
	0
	-8.4
	-41
	-53
	-21.4
	
	
	

	2
	10
	-4.1
	-28
	-36
	-17.2
	
	
	

	3
	15
	0.0
	-3
	0
	-13.0
	
	
	

	4
	25
	-3.9
	-34
	34
	-16.9
	
	
	

	5
	85
	-10.6
	47
	54
	-23.6
	
	
	

	6
	185
	-8.7
	43
	49
	-21.7
	
	
	

	7
	295
	-9.0
	43
	53
	-22.0
	
	
	

	8
	295
	-12.7
	49
	-56
	-25.7
	
	
	

	9
	380
	-13.2
	-52
	-70
	-26.3
	
	
	

	10
	445
	-11.6
	-54
	65
	-24.6
	
	
	

	11
	475
	-16.9
	-59
	-75
	-29.9
	
	
	

	12
	590
	-12.7
	-54
	-64
	-25.7
	
	
	

	13
	925
	-21.3
	-70
	-78
	-34.3
	
	
	


4. Conclusion
In this contribution, some extracted fast fading parameters for eNB-RN and RN-UE from measurement in typical urban scenarios have been compared to those of ITU Urban Macro and Micro, and big differences have been observed. Different fast fading parameters are necessary for the further work on Relay study. Based on the measurement campaigns, this contribution has proposed the small-scale channel parameters for eNB-RN and RN-UE links. The corresponding CDL model for eNB-RN and RN-UE links are also proposed for calibration purpose or link level simulation. 
Proposal 2: We propose to use Table 1 for eNB-RN and RN-UE link fast fading parameters, Table 2-5 for eNB-RN and RN-UE CDL model.
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