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Introduction
In a contribution on Spatial Radio Channel Models [1], SCME (SCM Extension) was proposed based on work in the WINNER project for systems beyond 3G, applicable for bandwidths up to 20 MHz. Quite similar approach based on SCM was presented in [9] by Motorola.  It is also shown in a contribution from Ericsson [5] how SCME through several steps of simplifications could be used in E‑UTRA specifications for simulations and analysis, and to define receiver requirements in the specifications. 
The first use of such channel models in the RAN work will be the concept evaluations in RAN1, starting in March. 
Background for channel model approach and proposals
Channel models for propagation will be used in the LTE RAN specification for UE and BS performance requirements, RRM requirements and also in system concept evaluations and in RF system scenarios to derive the requirements. It was shown by Ericsson in [5] that SCME can be used for these purposes, without applying the full complexity of the model. 

The approach in [5] gives set of multipath models with different levels of “simplification”, all based on the same SCME:

(A)
Full SCME model (as presented in [1])

(B)
Tapped delay-line SCME model with fixed angular parameters (example in table 5 of [4])

(C)
Tapped delay-line model for multiple antennas with correlation parameters derived from fixed angular parameters and an assumed antenna pattern.

(D)
“Simple” tapped delay-line model for a single link

Ericsson presented four channel models based on simplification option (C) to this meeting in [7]. These are also shown in Annex A. Nokia presented channel models in [8] that are also based on option (C). In addition a Micro Cell System Scenario was proposed in [8], to be included in the RAN1 technical report TR 25.814. That scenario can be found in Annex B.
Need for channel model in RAN1 LTE evaluation

To start the later phase of the evaluations in RAN1 there is a need of more advanced channel models than those used for the first phase. In TR 25.814 [6] it is indicated that the SCM [2] or an extension thereof (SCME [1]) should be used for this later phase. This is especially important when evaluating different multi antenna techniques such as MIMO and/or beamforming. 

Using the GSM Typical Urban channel or ITU channel models for such simulations and assuming e.g. uncorrelated fading between transmit antennas may overestimate the gain of multi antenna functionality. RAN1 therefore has need for spatial channel models that also model correlation between antennas, both for link and system level evaluations of proposed algorithms and functionality. However, it is important to understand that a full implementation of the (extended) SCM may require a substantial amount of simulation time, and that simplified models are of great interest. 
Proposed channel model and system scenarios
Because of the need for a spatial channel model and the restrictions on complexity explained above, it is proposed to define a set of model based on option (C) for initial link level simulations. For this purpose, the models in Annex A should be used. These are tapped delay-line models for multiple antennas with correlation parameters derived from fixed angular parameters and assumed antenna patterns.

It is also proposed that the micro cell scenario in Annex B is used for initial MIMO system level simulations.
Open issues for further development
During the ongoing work, the channel models and scenarios should be reviewed. Any problems identified should be deliberated and be a basis for future revisions.

In the discussions on the channel models some open issues are identified. The most urgent are channel model assumptions for system level simulations. Some of these issues are
· The link level model in Annex A uses fixed correlation values, which constrains the directions of arrival at an antenna array.  In a system level simulation, direction of arrival needs to be varied. 
· We need to understand what mechanisms may lead to unacceptable simulation times. One way to implement a simplified approach could be a sampled distribution of e.g. direction of arrival at the BS, to avoid the complexity of a full distribution. 
· Realistic polarization modelling is needed.
· Similarly, inter-sector angle spread at the node B is not modelled in the link level model, since correlation only within sectors is considered.
· The Doppler spectrum behaviour may require further investigation.
In a contribution from partners of the WINNER project, comparison of the SCM, SCME, and WINNER models are made. 
Table 1 compares the basic parameters of the models.

Table 1. Comparison of SCM, SCME, and WINNER models.

	
	SCM
	SCME 
(20 MHz version)
	WINNER phase I 

(20 MHz version)

	carrier frequency (GHz)
	2
	2
	2 and 5

	bandwidth (MHz)
	5
	20
	20

	Scenarios
	1) urban macro

2) urban micro

3) suburban macro
	the same

as SCM
	1) indoor small office

2) urban micro

3) indoor hotspot

4) stationary feeder

5) suburban macro

6) urban macro

7) rural macro


One main difference between WINNER and SCME is that WINNER covers more scenarios.  It thus gives opportunity in developing models for LTE for more scenarios than in the present working assumption.
Way forward and next steps

Based on the discussion above, it is proposed that

· Use the simplified SCME based channel model in Annex A for initial link level simulations.
· To adopt the micro cell scenario in Annex B for initial MIMO system level simulations

· Adopt SCME also for system level simulations. Further discussions are needed on which scenarios and parameters (such as antenna configuration) that need to be agreed for SCME in system level simulations.
· Study further antenna configurations for the simplified link level SCME, such as models for antenna arrays with more elements.

· Consider the WINNER models for inclusion in future work on LTE, especially for scenarios that are not covered by SCME.
Proposal
It is proposed that the models in Annex A and the scenarios in Annex B are adopted and used for the link and system level evaluation starting in March, according to the way forward described above. It is proposed that SCME can be also used for system level simulations. Further development based on the open issues identified should take place in parallel. It is proposed to create an “e-mail ad hoc” for this purpose.
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Annex A. LTE channel models for link level simulations (based on fixed scenarios)
The detailed derivation of the LTE channel models presented here can be found in [7], where all parameter combinations are described in addition to the four selected models.
In the first step, much of the random variability inherent in the SCME system model has been removed by the definition of fix tapped delay line models with angular parameters as done in [4], Table 5. These fixed tapped delay lines are defined for four different scenarios: Suburban Macro, Urban Macro (low angular spread), Urban Macro (high angular spread), and Urban Micro. We have extended the delay line models of [4] by including polarization to allow the proposed antenna configurations below to have different polarizations. The per-tap polarization matrices are obtained from the SCM model.

In the second step, simple but realistic antenna configurations for the BS and MS have been determined. At the BS, a 4-element dual-polarized array (two spatially separated +45/-45 slant polarized antennas) is assumed with antenna patterns matching either a 3-sector site or a 6-sector site according to the calibration model in the SCM [2], section 4.5.1. Two different antenna spacings, 0.5 and 4, are also considered. Two types of mobile antenna scenarios are assumed: a small handset with two orthogonally polarized (V and H) antennas and a laptop with two spatially separated double polarized antennas (V and H). The handset can either be in the talk position or in a web-browsing/video telephony position, the “data” position. 

The considered alternatives are listed in the table below. As seen from the table there are in total 48 (4x2x2x3) different combinations. Since such a large number of scenarios is not really convenient for link simulations, we have selected four representative cases, which are provided below. The tables in the Annex C of [7] will allow other cases to be generated when necessary, including arrays with more than two spatially separated elements.

	Propagation Scenarios
	Suburban Macro

Urban Macro (low angular spread)

Urban Macro (high angular spread)

Urban Micro

	BS antenna configurations
	4-element 3-sector

4-element 6-sector

	
	0.5 spacing

4 spacing

	MS antenna configurations
	2-element handset in talk position

2-element handset in “data position”

4-element laptop


The BS and MS antenna configurations are outlined in detail in Annex C.

The whole procedure is described in detail in [7], where also the resulting correlations and covariance matrices are tabulated for all cases in Annex C of [7]. The total per-tap covariance matrix Rtap is obtained from the Kronecker product of the polarization covariance matrix  and the BS and MS spatial correlation matrices  and , further weighted by the antenna gains at BS and MS: 
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 denotes Kronecker multiplication.

A limited number of representative cases have been selected according to the table below. The resulting channels are tabulated below.

	Name
	Propagation scenario
	BS arrangement
	MS arrangement

	SCM-A
	Suburban Macro
	3-sector, 0.5 spacing
	Handset, talk position

	SCM-B
	Urban Macro (low spread)
	6-sector, 0.5 spacing
	Handset, data position

	SCM-C
	Urban Macro (high spread)
	3-sector, 4 spacing
	Laptop

	SCM-D
	Urban Micro
	6-sector, 4 spacing
	Laptop


Note that models SCM-C and SCM-D can also be used for evaluating laptops with two receive antennas. In this case, we propose to select the channel coefficients associated with one of the two dual-polarized antennas.

Four representative cases are tabulated, called SCM-A, SCM-B, SCM-C and SCM-D. These four are selected among the 48 possible parameter combinations, in order to have a limited set of models that are more conveniently applied to link simulations. Parameters describing for all 48 possible combinations are tabulated in Annex C of [7].

Tables for the four selected channel models:
· Note that when simulating in time domain, delays can be shifted to the nearest multiply of a reasonable delay resolution (e.g. 1/(4*20MHz) = 12.5 ns) of a simulation system.
· The polarisation coefficients are defined such that the two first rows of correspond to vertical and the third and fourth row correspond to horizontal polarization.

NOTE: The tables are agreed to be updated according to the new delay values for 20 MHz bandwidth presented by Elektrobit in R4-050854, Table 1 and 2. A new version will of the tables will be posted later.
SCM-A (Suburban Macro, 3-sector, 0.5 spacing, Handset, talk position)

	Tap/mid- path
	Delay [s]
	Power, Ptap [dB]
	BS spatial correlation, 
	Polarization covariance matrix,  [4x4]

	1/1

1/2

1/3


	    0

    0.007

    0.0265
	    0
   -2.2185

   -3.9794


	   0.4783 + 0.8722i
	0.5953
	-0.0858
	0.0000
	0.2534

	
	
	
	
	-0.0858
	0.5953
	0.2534
	0.0000

	
	
	
	
	0.0000
	0.2534
	0.2976
	0.0429

	
	
	
	
	0.2534
	0.0000
	0.0429
	0.2976

	2/1

2/2

2/3
	0.1408
0.1478

0.1673
	   -8.5012
 -10.7197

 -12.4806
	   0.4569 + 0.8836i
	0.6174
	-0.1280
	0.0000
	0.2363

	
	
	
	
	-0.1280
	0.6174
	0.2363
	0.0000

	
	
	
	
	0.0000
	0.2363
	0.3087
	0.0640

	
	
	
	
	0.2363
	0.0000
	0.0640
	0.3087

	3/1

3/2

3/3
	0.0626
0.0696
0.0891
	   -7.2787
   -9.4972  
 -11.2581
	   0.8407 + 0.5308i
	0.6550
	0.0792
	0.0000
	0.1170

	
	
	
	
	0.0792
	0.6550
	0.1170
	0.0000

	
	
	
	
	0.0000
	0.1170
	0.3275
	-0.0396

	
	
	
	
	0.1170
	0.0000
	-0.0396
	0.3275

	4/1

4/2

4/3
	0.4015
0.4085
0.4280
	   -8.4526
 -10.6711  
 -12.4320
	   0.8935 + 0.4359i
	0.7153
	-0.0198
	0.0000
	0.1658

	
	
	
	
	-0.0198
	0.7153
	0.1658
	0.0000

	
	
	
	
	0.0000
	0.1658
	0.3576
	0.0099

	
	
	
	
	0.1658
	0.0000
	0.0099
	0.3576

	5/1

5/2

5/3
	1.3820
1.3890
1.4085
	-14.6464
-16.8649

-18.6258
	   0.9444 + 0.3103i
	0.8460
	0.0039
	0.0000
	0.0820

	
	
	
	
	0.0039
	0.8460
	0.0820
	0.0000

	
	
	
	
	0.0000
	0.0820
	0.4230
	-0.0020

	
	
	
	
	0.0820
	0.0000
	-0.0020
	0.4230

	6/1

6/2

6/3
	2.8280
2.8350

2.8545
	-26.4259
-28.6444

-30.4053
	   0.9783 + 0.1763i
	1.0000
	0
	0.0000
	0

	
	
	
	
	0
	1.0000
	0
	0.0000

	
	
	
	
	0.0000
	0
	0.5000
	0

	
	
	
	
	0
	0.0000
	0
	0.5000


Total per-tap covariance matrix: 
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 denotes the Kronecker product.

SCM-B (Urban Macro (low spread), 6-sector, 0.5 spacing, Handset, data position)

	Tap/mid-path
	Delay [s]
	Power, Ptap [dB]
	BS spatial correlation, 
	Polarization covariance matrix,  [4x4]

	1/1

1/2

1/3


	   0
   0.0070

   0.0265
	   0

   -2.2185

   -3.9794
	    0.4902 + 0.8656i
	0.5953
	0.1936
	-0.0000
	0.1831

	
	
	
	
	0.1936
	0.5953
	0.1831
	-0.0000

	
	
	
	
	-0.0000
	0.1831
	0.2976
	-0.0968

	
	
	
	
	0.1831
	-0.0000
	-0.0968
	0.2976

	2/1

2/2

2/3
	0.3600

0.3670    0.3865
	   -1.1669

   -3.3854

   -5.1463
	    0.5521 + 0.8274i
	0.6134
	0.1729
	-0.0000
	0.1918

	
	
	
	
	0.1729
	0.6134
	0.1918
	-0.0000

	
	
	
	
	-0.0000
	0.1918
	0.3067
	-0.0864

	
	
	
	
	0.1918
	-0.0000
	-0.0864
	0.3067

	3/1

3/2

3/3
	0.2527

0.2597

0.2792
	   -2.6450

   -4.8635

   -6.6244
	       0.5902 + 0.8006i


	0.6090
	0.1588
	-0.0000
	0.1864

	
	
	
	
	0.1588
	0.6090
	0.1864
	-0.0000

	
	
	
	
	-0.0000
	0.1864
	0.3045
	-0.0794

	
	
	
	
	0.1864
	-0.0000
	-0.0794
	0.3045

	4/1

4/2

4/3
	1.0387

1.0457

1.0652
	  -13.5666

  -15.7851

  -17.5460
	  -0.2706 + 0.9587i
	0.6430
	0.1500
	-0.0000
	0.1871

	
	
	
	
	0.1500
	0.6430
	0.1871
	-0.0000

	
	
	
	
	-0.0000
	0.1871
	0.3215
	-0.0750

	
	
	
	
	0.1871
	-0.0000
	-0.0750
	0.3215

	5/1

5/2

5/3
	2.7300
2.7370

2.7565
	  -22.4043

  -24.6228

  -26.3837
	  -0.4100 + 0.9082i
	0.6935
	0.1180
	-0.0000
	0.1584

	
	
	
	
	0.1180
	0.6935
	0.1584
	-0.0000

	
	
	
	
	-0.0000
	0.1584
	0.3468
	-0.0590

	
	
	
	
	0.1584
	-0.0000
	-0.0590
	0.3468

	6/1

6/2

6/3
	4.5977

4.6047

4.6242
	-28.0459

  -30.2644

  -32.0253
	    -0.5814 + 0.8099i
	0.7535
	0.0799
	-0.0000
	0.1409

	
	
	
	
	0.0799
	0.7535
	0.1409
	-0.0000

	
	
	
	
	-0.0000
	0.1409
	0.3768
	-0.0400

	
	
	
	
	0.1409
	-0.0000
	-0.0400
	0.3768


Total per-tap covariance matrix: 
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 denotes the Kronecker product.

SCM-C (Urban Macro (high spread), 3-sector, 4 spacing, Laptop)

	Tap/mid-path
	Delay [s]
	Power, Ptap [dB]
	BS spatial correlation  
MS spatial correlation (
	Polarization covariance matrix,  [4x4]

	1/1

1/2

1/3


	   0
   0.0070

   0.0265
	           0

   -2.2185

   -3.9794
	-0.4616 + 0.5439i
 0.0225 - 0.0595i

	0.5953
	0.4047
	0
	0

	
	
	
	
	0.4047
	0.5953
	0
	0

	
	
	
	
	0
	0
	0.5953
	-0.4047

	
	
	
	
	0
	0
	-0.4047
	0.5953

	2/1

2/2

2/3
	0.3600

0.3670    0.3865
	   -1.0844

   -3.3029

   -5.0638
	-0.1136 - 0.6818i
  0.0307 + 0.0555i
	0.6090
	0.3910
	0
	0

	
	
	
	
	0.3910
	0.6090
	0
	0

	
	
	
	
	0
	0
	0.6090
	-0.3910

	
	
	
	
	0
	0
	-0.3910
	0.6090

	3/1

3/2

3/3
	0.2527

0.2597

0.2792
	   -1.8619

   -4.0804

   -5.8413
	   0.2806 + 0.6476i
   0.0088 + 0.0602i
	0.6134
	0.3866
	0
	0

	
	
	
	
	0.3866
	0.6134
	0
	0

	
	
	
	
	0
	0
	0.6134
	-0.3866

	
	
	
	
	0
	0
	-0.3866
	0.6134

	4/1

4/2

4/3
	1.0387

1.0457

1.0652
	  -9.0825

  -11.3010

  -13.0619
	   0.6944 + 0.5043i
  -0.0244 - 0.0028i
	0.6430
	0.3570
	0
	0

	
	
	
	
	0.3570
	0.6430
	0
	0

	
	
	
	
	0
	0
	0.6430
	-0.3570

	
	
	
	
	0
	0
	-0.3570
	0.6430

	5/1

5/2

5/3
	2.7300
2.7370

2.7565
	  -15.1448

  -17.3633

  -19.1242
	   0.4072 + 0.5626i
   0.0828 - 0.2378i
	0.6935
	0.3065
	0
	0

	
	
	
	
	0.3065
	0.6935
	0
	0

	
	
	
	
	0
	0
	0.6935
	-0.3065

	
	
	
	
	0
	0
	-0.3065
	0.6935

	6/1

6/2

6/3
	4.5977

4.6047

4.6242
	  -20.6364

  -22.8549

  -24.6158
	-0.7753 + 0.1776i
 0.4194 - 0.2429i
	0.7535
	0.2465
	0
	0

	
	
	
	
	0.2465
	0.7535
	0
	0

	
	
	
	
	0
	0
	0.7535
	-0.2465

	
	
	
	
	0
	0
	-0.2465
	0.7535


Total per-tap covariance matrix: 
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SCM-D (Urban Micro, 6-sector, 4 spacing, Laptop)

	Tap/mid-path
	Delay [s]
	Power, Ptap [dB]
	BS spatial correlation 
MS spatial correlation (
	Polarization covariance matrix,  [4x4]

	1/1

1/2

1/3

1/4
	    0
0.0058
0.0135
    0.0276
	          0

         0

   -1.7609

   -1.7609
	-0.0907 + 0.1632i
   0.0225 - 0.0595i
	0.5792
	0.4208
	0
	0

	
	
	
	
	0.4208
	0.5792
	0
	0

	
	
	
	
	0
	0
	0.5792
	-0.4208

	
	
	
	
	0
	0
	-0.4208
	0.5792

	2/1

2/2

2/3

2/4
	 0.2840

 0.2898

 0.2975

 0.3116
	     -3.5678

   -3.5678

   -5.3287

   -5.3287
	   0.0301 - 0.1586i
   0.0061 - 0.0051i
	0.5792
	0.4208
	0
	0

	
	
	
	
	0.4208
	0.5792
	0
	0

	
	
	
	
	0
	0
	0.5792
	-0.4208

	
	
	
	
	0
	0
	-0.4208
	0.5792

	3/1

3/2

3/3

3/4
	    0.2047

    0.2105

    0.2182

    0.2323
	  -29.0468

  -29.0468

  -30.8077

  -30.8077
	-0.5144 - 0.3812i
   0.0297 - 0.0078i
	0.5792
	0.4208
	0
	0

	
	
	
	
	0.4208
	0.5792
	0
	0

	
	
	
	
	0
	0
	0.5792
	-0.4208

	
	
	
	
	0
	0
	-0.4208
	0.5792

	4/1

4/2

4/3

4/4
	    0.6623

0.6681

    0.6758

0.6899
	  -20.9354

  -20.9354

  -22.6963

  -22.6963
	   0.1275 + 0.0979i
  -0.0244 + 0.0029i
	0.5792
	0.4208
	0
	0

	
	
	
	
	0.4208
	0.5792
	0
	0

	
	
	
	
	0
	0
	0.5792
	-0.4208

	
	
	
	
	0
	0
	-0.4208
	0.5792

	5/1

5/2

5/3

5/4
	    0.8066

0.8124

0.8201

    0.8342
	   -5.2802

   -5.2802

   -7.0411

   -7.0411
	-0.0943 + 0.1609i
  -0.0010 - 0.0061i
	0.5792
	0.4208
	0
	0

	
	
	
	
	0.4208
	0.5792
	0
	0

	
	
	
	
	0
	0
	0.5792
	-0.4208

	
	
	
	
	0
	0
	-0.4208
	0.5792

	6/1

6/2

6/3

6/4
	 0.9227

 0.9285

 0.9362

 0.9503
	-26.9642

  -26.9642

  -28.7251

  -28.7251
	0.0505 + 0.2761i
   0.0080 - 0.0600i
	0.5792
	0.4208
	0
	0

	
	
	
	
	0.4208
	0.5792
	0
	0

	
	
	
	
	0
	0
	0.5792
	-0.4208

	
	
	
	
	0
	0
	-0.4208
	0.5792


Total per-tap covariance matrix: 
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Annex B. Micro cell scenario for initial or early evaluation of MIMO in LTE

The micro cell scenario parameters and G-factor distribution described below are explained in more detail in [10].
General system parameters for initial or early MIMO simulation results (from [10])
Table 2 summarized the proposed simulation cases for the EUTRA micro-cell simulation cases. The Inter Site Distance (ISD) is similar to the micro-cell scenario in TR25.816 [11].
Table 2 EUTRA micro-cell simulation cases for MIMO

	Simulation
	CF
	ISD
	BW
	PLoss
	Speed

	Cases
	(GHz)
	(meters)
	(MHz)
	(dB)
	(km/h)

	Outdoor-to-outdoor
	2.0
	130
	10
	Na
	3/30

	Outdoor-to-indoor
	2.0
	130
	10
	Na*
	3



* Penetration loss is included in the distance dependent pathloss model

Table 3 list the proposed micro-cell system simulation parameters for initial or early MIMO simulations.

Table 3 Micro-cell system simulation parameters for initial or early MIMO simulation results 

	Parameter
	Assumption

	
	Outdoor to indoor
	Out-door to outdoor

	Cellular Layout
	Hexagonal grid, 19 cell sites, 1 sectors per site

	Inter-site distance
	SeeTable 2

	Distance-dependent path loss
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	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.41.4 [6]

	Shadowing standard deviation
	10 dB


	10dB

	Correlation distance of Shadowing
	10 m
	25 m

	Shadowing correlation
	Between cells
	0.0

	
	Between sectors
	na

	Penetration Loss  
	Included in Distance dependent pathloss model

	Antenna pattern  (horizontal)

(For omni cell sites with fixed antenna patterns)
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	Carrier Frequency
	CF= 2GHz

	Channel model
	According to Annex A
Spatial Channel Model (SCME) for later simulations.

	UE speeds of interest
	3km/h
	3km/h, 30km/h

	Total BS TX power (Ptotal)
	38 dBm – 10MHz carrier  [7] 

	UE power class
	21dBm (125mW). 24dBm (250mW)

	Inter-cell Interference Modeling
	UL: Explicit modeling (all cells occupied by Ues), 

DL: Explicit modeling else cell power = Ptotal

	BS positition in the middle of the hexagon
	


	Users dropped uniformly in entire cell
	


	Minimum distance between UE and cell
	>= 10m (and minimum coupling loss of -53dB)

The distance dependent pathloss + shadow fading is lower limited to free-space distance dependent pathloss


Table 4 shows the channel model for rapid generation of early simulations.
Table 4 Channel model for rapid generation of early simulations

	Channel Model Target
	Assumption

	Channel model for initial or early simulations
	Typical Urban (TU) for macro cell

	Channel model for initial or early simulations
	According to Annex A for micro cell


Table 5 shows the EUTRA reference Node-B values from TR25.814 updated with the proposed parameters for micro-cells. 

Table 5 EUTRA Reference Node-B

	Parameters
	Model Assumptions

	Node-B Transmitter
	2 Antennas

	Node-B Receiver 
	2 Antennas

	Noise Figure
	5 dB

	BS antenna gain plus cable loss
	14 dBi for micro,macro cell case with 3 sectors

6 dBi for micro cell case with omni-antennas (with cable losses included) [2]

	Pilot channel overhead 
	Total time and/or power resources dependent on MA and numerology are given or accounted for in simulation.

	Control channel overhead


	Total time and/or power resources dependent on MA given or accounted for in simulation

(includes sync, paging, L1/2 signaling, resource allocation, HARQ feedback, etc)


Table 6 shows the EUTRA MIMO issues (for further study) for achieving alignment from TR25.814 updated with the proposed parameters for early simulations of micro-cells. 

Table 6 MIMO issues for achieving alignment

	Issues
	Details

	Idealized generic MIMO model
	

	Non-ideal receiver issues
	 Non-ideal channel estimation, antennas (non-ideal patterns formed)

	SNR estimation for LLR extraction
	

	MIMO antenna geometry
	Uniform Linear Array for the purpose of computing antenna correlation

	MIMO feedback
	Rate, delay, error

	CQI feedback
	Rate, delay, error

	HARQ ACK/NACK
	Error rates/probabilities


Geometry distribution (from [10]) 

The results on G-factor distribution of the detailed Manhattan path-loss studies are shown in Figure 1 for both the cases of outdoor-to-outdoor and outdoor-to-indoor. The G-factor distribution using the best fit dual and single slope path loss models proposed above are also shown. For the outdoor-to-indoor case, it can be observed that the simple single slope path-loss model slightly underestimate the probability at high G-factor values compared to the detailed Manhattan grid simulations, but the median G-factor values are within 1 dB. Also for the outdoor-to-outdoor case there is a very good mach between the detailed Manhattan grid simulations and the simplified model. The parameters used for the simulations are shown in various tables in Section 6. The total NodeB-UE distance path loss including antenna gains and shadow fading was lower limited to the free-space distance path loss for all UE locations and also the MCL = 53dB was used [11]. This means that the shadow fading are truncated between [0,-∞[ for the outdoor-to-outdoor distance range from 10-45 meters with a 50% probability of 0dB. This corresponds to combining a LOS and a NLOS models in the given distance range     

The G-factor distribution for the macro cell scenario defined in TR25.814 is also shown.  It can be observed that the suggested micro-cell scenarios improve the median G-factor by approximately 7-8dB, and at the 80% CDF level the improvement is 8-12dB. The improvement is higher for indoor UE locations.
For validation purpose a G-factor prediction in an urban micro-cell scenario including both indoor and outdoor locations of UE’s is also shown [9]. It can be observed that the outdoor-to-indoor micro-cell model yields a G-factor distribution close to the predicted curve in the range from 5-25dB. The deviation for lower G-factor values than 5dB is expected due to a difference in Hand Over hysteresis margin. We have used 2dB for our simulations. 
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Figure 1 G-Factor distributions. 

Annex C. Antenna configurations (from [7])

The envisioned antenna scenario at the base station is as follows: Four antenna elements are used utilizing both space and polarization diversity, arranged according to fig 1. Two dual-polarized slant +45 and -45 elements are spatially separated by the distance d, where d can be either 0.5 or 4. The polarization of each element is for simplicity assumed to be unchanged over all AoDs. The element antenna patterns are identical to those proposed for the link calibration model of SCM ([2], section 4.5.1) and can be either 3-sector or 6-sector:
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Parameter values are: 
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20dB, maximum gain: 14 dBi (3-sector) and 
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Fig 1. BS scenario

The azimuthal orientation of the base station is selected such that the AoD of the first tap occurs at +20° in all scenarios. Hence, it is ensured that the terminal is located inside the sector in both the 3-sector and 6-sector cases. 

Two types of mobile antenna scenarios are assumed: a small handset with two orthogonally polarized (VH) antennas and a laptop with two spatially separated doubly polarized antennas (VH). It is assumed that the polarizations are purely horizontal and vertical in all directions when the antennas are in the nominal position. The element antenna patterns have the same shape as at the base station, but with wider beam width and different side-lobe levels. It is assumed that the pattern is rotational symmetric around the direction of the maximum gain, resulting in beam-widths which are the same in azimuth and elevation. For the handheld, the effect of the user is modelled by a 3 dB difference in antenna gain for the two antennas, which is accounted for in the covariance matrix. Parameter values are:

Handheld, talk position:
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15dB, maximum gain: 3 dBi (V), 0 dBi (H)

Handheld, data position:
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=5 dB, maximum gain: 3 dBi (V), 0 dBi (H)

Laptop:
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= 10 dB, maximum gain: 7 dBi. Spatial separation: 2
In the talk position case, the lobe is in the horizontal direction and the handset is rotated 60° (the polarizations are also rotated). In the data position the mobile is tilted 45° such that the radiation lobe has its maximum slanted downwards.
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Fig 2. MS scenarios

The azimuthal orientations of the mobile antennas are selected such that the AoA of the first tap occurs at +45° in all scenarios. The third step consists of calculating correlation matrices per channel tap using the angular and polarization conditions from step 1 together with the antenna configurations determined in step 2. Power imbalances between different combinations of antenna polarizations and between the mobile antennas are accounted for by providing the covariance instead of the correlation of the polarization combinations. 
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