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1. Introduction

In last RAN#43 meeting in Kobe LTE channel model delay domain parameters were agreed. This contribution proposes MIMO correlation matrix calculation method. Calculated numerical matrices are also attached.  
2. MIMO modelling approach
Path AoA and AoD angles are generated based on SCM statistics of corresponding scenarios which are selected based on ITU-R recommendations on ref [1]. 
· EPA
<-> Urban micro 
· EVA <-> Sub-urban macro
· ETU <-> Urban macro

The procedure to generate MIMO correlation matrices is based on AoA/AoD information (assume Kronecker-model). ‘Hi’ and ‘Low’ correlation cases are calculated assuming linear 0.5 lambda and 4 lambda antenna element spacing at BS antenna. On both cases MS antenna spacing is 0.5 lambda. Antenna radiation patterns are assumed to be omni-directional
3. Summary of models
Follwing tables summarizes the channel model characteristics. 
Table 1: Summary of delay profiles for LTE channel models
	Model
	Number of 
channel taps
	Delay spread

(r.m.s.)
	Maximum excess tap delay (span)

	Extended Pedestrian A (EPA)
	7
	45 ns
	410 ns

	Extended Vehicular A model (EVA)
	9
	357 ns
	2510 ns

	Extended Typical Urban model (ETU)
	9
	991 ns
	5000 ns


Table 2: Angular spreads
	
	EPA

[deg]
	EVA

[deg]
	ETU

[deg]

	BS composite AS
	19.2
	4.9
	15.2

	UE composite AS
	68.2
	68.4
	68.1

	BS Per-path AS
	5
	2
	2

	UE Per-path AS
	35
	35
	35


Table 3: MIMO matrix mean correlation coefficients

	Model
	High corr.
	Low corr.

	Extended Pedestrian A (EPA)
	0.5656
	0.1761

	Extended Vehicular A model (EVA)
	0.4059
	0.2179

	Extended Typical Urban model (ETU)
	0.4722
	0.2662


4. Path parameters

Path-wise delay domain parameters as presented in ref [3] completed with angular AoA and AoD columns.

Table 4: Extended Pedestrian A model (EPA)
	Excess tap delay [ns]
	Relative power 
[dB]
	AoD

[Deg]
	AoA

[Deg]

	[0]
	[0.0]
	0
	0

	[30]
	[-1.0]
	-18.4
	-104.9

	[70]
	[-2.0]
	36.1
	21.8

	[90]
	[-3.0]
	10.1
	85.7

	[110]
	[-8.0]
	21.1
	102.7

	[190]
	[-17.2]
	-2.8
	-54.4

	[410]
	[-20.8]
	52.5
	-94.1


Table 5: Extended Vehicular A model (EVA)
	Excess tap delay [ns]
	Relative power [dB]
	AoD

[Deg]
	AoA

[Deg]

	[0]
	[ 0.0]
	0
	0

	[30]
	[-1.5]
	5.1
	66.9

	[150]
	[-1.4]
	6.4
	-8.6

	[310]
	[-3.6]
	-4.8
	31.8

	[370]
	[-0.6]
	-5.0
	173.7

	[710]
	[-9.1]
	-5.8
	-2.8

	[1090]
	[-7.0]
	-7.0
	15.7

	[1730]
	[-12.0]
	-7.6
	-2.9

	[2510]
	[-16.9]
	-9.1
	56.5


Table 6: Extended Typical Urban model (ETU)
	Excess tap delay [ns]
	Relative power [dB]
	AoD

[Deg]
	AoA

[Deg]

	[ 0]
	[-1.0]
	0
	0

	[50]
	[-1.0]
	7.2
	-62.8

	[120]
	[-1.0]
	10.5
	54.9

	[200]
	[0.0]
	-7.2
	-11.7

	[230]
	[0.0]
	-9.8
	127.4

	[500]
	[0.0]
	21.5
	123.9

	[1600]
	[-3.0]
	-20.0
	-17.7

	[2300]
	[-5.0]
	-27.5
	24.2

	[5000]
	[-7.0]
	-39.1
	-25.9


5. Correlation matrix calculation

Path-wise correlation coefficients for the transmitter antenna array correlation matrices are calculated by
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where n is the path index, p, q =  1,…,N (N is number of BS antenna elements), DBS is antenna element spacing [m],  is the wave length, AoDn is the nominal AoD of path n and k is the azimuth angle offset from table 5.2 of [2]. Receiver antenna correlation calculation is analogous. Coefficient  are ordered to correlation matrices Rtx  and Rrx. MIMO correlation matrix is determined by Kronecker product from Tx and Rx correlation matrices.

6. Proposal

Our proposal is that the MIMO modelling method presented in this contribution is used for LTE MIMO channel model.  
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