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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.
1
Scope

The present document is related to the technical report of the study item “Study on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE” [2]. The purpose of this TR is to help TSG RAN WG1 to understand the performance benefit of standard enhancements targeting two-dimensional antenna array operation with 8 or more transceiver units (TXRUs) per transmission point.
This study item is the follow-up to TR 36.873 and it will take into account the findings on 3D channel model in TR36.873 [3]

This activity involves the Radio Access work area of the 3GPP studies and has impacts both on the Mobile Equipment and Access Network of the 3GPP systems.
This document is intended to gather all information and draw a conclusion on way forward.
This document is a ‘living’ document, i.e. it is permanently updated and presented to TSG-RAN meetings.
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2]
RP-141644, "New SID Proposal: Study on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE".

[3]
3GPP TR 36.873: "Study on 3D channel model for LTE".

[4]
3GPP TR 36.819: "Coordinated multi-point operation for LTE physical layer aspects".
[5]
R1-145389, “Proposal on SRS estimation error modelling”, RAN1#79

[6]
R1-150867, “WF on SRS estimation error modelling”, ZTE, CMCC, NTT DOCOMO, CATT, CATR, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, RAN1#80
It is preferred that the reference to 21.905 be the first in the list.

3
Definitions, symbols and abbreviations
Delete from the above heading those words which are not applicable.

Clause numbering depends on applicability and should be renumbered accordingly.

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. 
A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

Symbol format (EW)

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

Abbreviation format (EW)

<ACRONYM>
<Explanation>

TXRU
Tranceiver Unit
4
Introduction
Editor’s note: Capturing objective in SID [2]
At the 3GPP TSG RAN #65 meeting, the Study Item Description on “Study on Study on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE” was agreed for Release 13 [2]. The study aims to understand performance benefit of standard enhancements targeting two-dimensional antenna array operation (including a single column of cross-poles) with 8 or more transceiver units (TXRUs) per transmission point, where a TXRU has its own independent amplitude and phase control. The study item consists of two phases:

-
Phase 1: Identify antenna configurations and evaluation scenarios, and evaluate the performance of Rel-12 downlink MIMO using 3D channel model with realistic non-full buffer traffic model.

-
Phase 2: Study enhancements and assess the performance benefit of enhancements to the standard. Develop design principles for the identified techniques and identify potential specification impact.

Phase 1 (Start at RAN1#78bis):

-
Identify antenna configurations for 2D antenna arrays with {8, 16, 32, 64} TXRUs and evaluation scenarios, including homogeneous and heterogeneous scenarios, for feasibility study, taking into account the outcome of 3D channel model SI.

-
Decide antenna element spacing, number of antenna elements per TXRU, polarization, etc.

-
Decide how to model virtualization of antenna elements per single TXRU. 

-
Identify target operating frequency range considering practical antenna size limitations.

-
Evaluate the performance of Rel-12 downlink MIMO (including both SU- and MU-MIMO) using 3D-UMa and 3D-UMi channel models.

-
Number of TXRUs for evaluation is 8, where each TXRU is connected to an antenna port and the antenna ports constitute a horizontal array. 

Phase 2 (Start at RAN1#79):

-
Evaluate performance benefits of standard enhancements targeting two-dimensional antenna array operation (including a single column of cross-poles) using 3D-UMa and 3D-UMi channel models, taking into account the discussion and findings of the 3D channel model SI.

-
 Performance evaluation for different numbers of TXRUs should be done with the following work plan. 

-
Performance evaluation for 8 TXRUs starts at RAN1#79.

-
Performance evaluation for {16, 32, 64} TXRUs starts at RAN1#80.

-
Identify/evaluate potential enhancements required for implementing the SU/MU-MIMO transmission schemes that would provide the identified performance benefits including

-
Evaluate the need for defining additional measurement antenna ports up to 64 at maximum.

-
Evaluate the need for reference signal design enhancements (including SRS, CSI-RS, and DMRS).

-
Evaluate the need for enhancement of codebook and feedback mechanism for SU/MU-MIMO (including CQI definition, layer mapping, and precoder/rank indication).

-
Evaluate the need for enhancement of channel reciprocity based operation.

-
Evaluate the need for enhancement on diversity transmission scheme. 

-
Evaluate the need for control signalling enhancement for SU/MU-MIMO (including support of higher dimensional MU-MIMO).

-
Evaluate the need for support in the standards for eNB antenna calibration.

-
The maximum number of received layers per UE should be unchanged (up to eight).
-
Investigate whether additional methods are needed to ensure common channel coverage, cell/point selection and/or RRM measurement reliability.

-
Develop design principles for the identified techniques and identify potential specification impact.

Performance gain from the studied techniques should be evaluated taking into account the followings:

-
eNB antenna calibration errors (time, amplitude, and phase)

-
eNB antenna coupling and correlation specific to 2D active antenna array 

-
Estimation errors

-
Downlink overhead

-
CSI feedback overhead

-
Implementation complexity

-
Impact on legacy UEs 

5
Evaluation scenarios and antenna configurations
Editor’s note: This section will capture the evaluation scenarios and antenna configurations for 2D antenna arrays with {8, 16, 32, 64} TXRUs
5.1
Evaluation scenarios
The scenarios for evaluation are identified in this subclause. 
-
Homogeneous scenarios

-
Scenario 1: 3D-UMa with ISD 500m

-
Scenario 2: 3D-UMa with ISD 200m

-
Scenario 3: 3D-UMi with ISD 200m

-
Heterogeneous scenarios (prioritized in the following order)
-
Scenario 4: Non co-channel case with macro and small cell layer at different carrier frequencies
-
Scenario 5: Co-channel case with macro and small cell layer with no Elevation BF/FD-MIMO in small cells

-
Scenario 6: Co-channel case with macro and small cell layer with Elevation BF/FD-MIMO in small cells

5.2
Antenna configurations
This section provides initial guidelines for antenna modelling in this study item. The guidelines hold for both phase-1 and phase-2 evaluations unless explicitly indicated otherwise.
5.2.1
Antenna array model
A 2D planar uniformly spaced antenna array model is used. The configuration of a 2D planar uniformly spaced antenna array model is represented by (M, N, P) 

where,

M is the number of antenna elements with the same polarization in each column

N is the number of columns and 
P is the number of polarization dimensions
The antenna element spacing is given by dH in the horizontal direction and by dV in the vertical direction. This model including indices for co-polarized antenna elements is shown in the Figure 5.2.1-1.
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Figure 5.2.1-1: Antenna array model represented by (M, N, P) 
Table 5.2.1-1: Antenna array model parameters

	Parameter
	Values
	Remark

	Number of columns (N)
	1, 2, 4*
	4 for phase 1

	Antenna Polarization (P)
	P = 2: cross-pol (eNB: +/- 45 deg, UE: 0/90 deg)
	Co-pol (P=1) optional

	Horizontal antenna element spacing (dH)
	0.5λ
	Same as [3]

	Antenna element vertical radiation pattern (dB)
	[image: image4.png]8" —90°
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	Same as [3]

	Antenna element horizontal radiation pattern (dB)
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	Same as [3]

	Combining method for 3D antenna element pattern (dB)
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	Same as [3]

	Maximum directional gain of an antenna element GE,max
	8 dBi
	Same as [3]

	Vertical antenna element spacing and the number of antenna elements with the same polarization in each column (dV , M)
	( 0.8λ, 8), (0.5λ, 4)
	 (0.5λ, 4) for 3D UMa 200 m ISD, small cell, and 3D UMi in 3.5 GHz only


*For the number of columns (N), the focus of the evaluation of the specification enhancement proposals in this SI should follow the prioritization noted below. For homogeneous scenarios in Phase 2

-
N = {1, 2, 4} 1st priority

-
N = {8, 16} 2nd priority

NOTE-0: Companies are encouraged to provide evaluation results including 8, 16 columns

NOTE-1: Note that lack of sufficient study/evaluations for the second priority cases (as noted above) will not have impact to close SI

NOTE-2: Max(M*N) = 32

NOTE-3: When N = 16, M = 2

5.2.2
TXRU model-1
General:

A TXRU model configuration corresponding to an antenna array model configuration (M, N, P) is represented by (MTXRU, N, P) where MTXRU is the number of TXRUs per column per polarization dimension 
-
MTXRU = 1, 2, 4, 8 and MTXRU ≤ M
A TXRU is only associated with antenna elements with the same polarization. The total number of TXRUs is equal to MTXRU ⨉ N ⨉ P.
Note that with respect to other TXRU models (FFS):

-
Remark 1: TXU and RXU can be separately modelled in other models
-
Remark 2: TXRU association with both polarizations can be considered
For the number of TXRUs, prioritization of antenna configurations for phase-2 enhancement proposal in Table 5.2.2-1 with the following
-
The enhancements to specifications should also allow other TXRU configurations with total number of TXRU = 8, 16, 32, 64

-
Both 1D and 2D TXRU virtualization are allowed

Table 5.2.2-1: Number of TXRUs
	
	N=1
	N=2
	N=4
	N=8
	N=16

	M=8, homogeneous 
@ 2 GHz
	8, 16TXRU
	8, 16TXRU
	8, 16, 32, 64 TXRU
	
	

	M=4, homogeneous 
@ 2 GHz
	
	
	
	8, 16, 32, 64 TXRU
	

	M=2, homogeneous 
@ 2 GHz
	
	
	
	
	8, 16, 32 TXRU

	M=4, small cells 
@ 3.5 GHz
	
	
	8, 16, 32 TXRU
	
	


TXRU virtualization model:  
A TXRU virtualization model defines the relation between the signals at the TXRUs and the signals at the antenna elements.
Notation: 

-
q is a Tx signal vector at the M co-polarized antenna elements within a column
-
w and W respectively are wideband TXRU virtualization weight vector and matrix
-
x is a TXRU signal vector at MTXRU TXRUs
TXRU virtualization model option-1A:Sub-array partition model with 1D virtualization
The sub-array partition model is illustrated in Figure 5.2.2-1.
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Figure 5.2.2-1: TXRU virtualization model option-1: sub-array partition model

The 1D sub-array partition model is defined in the following:
-
q is given by q=x⊗w
-
The same TXRU virtualization weight vector is applied for all the columns
-
The length of w is given by K = M/MTXRU
-
w is given by

-
Option A: 
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TXRU virtualization model option-1B:Sub-array partition model with 2D virtualization

The 2D sub-array partition model is defined in the following:

-
q is given by q=x⊗(vi⊗wo)
-
The vertical TXRU virtualization weight vector can be different for different TXRUs
-
The horizontal TXRU virtualization weight vector can be different for different TXRUs

-
One TXRU is only connected to antenna elements with the same polarization
-
The length of wo is given by K = M/MTXRU
-
The length of vi is given by L = N/NTXRU
-
wo for 
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-
Option B: Other length K vector with unit power
-
vi for 
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-
Option B: Other length L vector with unit power
TXRU virtualization model option-2A: Full-connection model with 1D virtualization
The full-connection model is illustrated in Figure 5.2.2-2.
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Figure 5.2.2-2: TXRU virtualization model option-2: full-connection model
The 1D full-connection model is defined in the following:
-
q is given by q=Wx
-
W is given by

-
Option A: For m = 1, …, M and m' = 1,…, MTXRU: (m, m') element of W:

[image: image14.wmf]÷

ø

ö

ç

è

æ

-

-

=

m'

V

m,m'

cos

1)d

(m

λ

2

π

j

exp

1

w

etilt,

θ

M


TXRU virtualization model option-2B: Full-connection model with 2D virtualization
The 2D full-connection model is defined in the following:
-
q is given by q=Wx
-
W is given by

-
Option A: For m = 1, …, M, n = 1, …, N, p=1…P’, m' = 1,…, MTXRU, n' = 1,…,P’*NTXRU
where, 
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where P’ =2 if polarizations are virtualized together, and P’=1 if only co-polarized elements are virtualized together.
· Option B: a unity norm vector of the same length as option A.

Time adaptability of TXRU virtualization weights:
-
Option 1: static within the simulation duration
Non-static TXRU to antenna element mapping is FFS. In case a non-static TXRU to antenna element mapping is used in evaluations, the time scale and method has to be described by the proponent.
5.2.3
Port virtualization model
A port virtualization model defines the relation between the signals at the antenna ports and the signals at the TXRUs.
6
Potential enhancements for elevation beamforming/FD-MIMO

Editor’s note: This section will capture the potential enhancements
6.1
Implementation based enhancement schemes

6.1.1
Category 1: Sectorization (in one or both of vertical and horizontal domains) with different cell-ID for each sector
This category comprises of schemes where two or more sectors, each associated with a different cell-ID, are 
associated with an antenna array. Up to eight CSI-RS ports can be configured in each sector. The CSI-RS ports associated with a sector can be used for enabling beamforming/precoding in the azimuth dimension only, in the elevation dimension only or in both azimuth and elevation dimensions. Note that in addition to the azimuth and elevation dimensions, the polarization dimension may be available for beamforming/precoding in all cases. The ports within each sector are compliant with Rel-12 specifications.
Generally this category of schemes is applicable to 16 or more TXRUs, although with more than 16 TXRUs colliding CRS will be used. 
In
 general each TXRU is mapped to a set of co-polarized antenna elements. In case the sectors are formed using only TXRU virtualization, each TXRU is exclusively dedicated to serving a single sector and the CSI-RS to TXRU mapping can be simply 1-to-1 within the sector. Alternatively the sectors can be formed at baseband for example when Q=M*N*P (the number of TXRUs is equal to the number of antenna elements). In this case a single CSI-RS port is mapped to multiple TXRUs using virtualization weights. In this category of schemes each UE is associated with a single sector and is served using a single CSI-process.
6.1.2
Category 2: Virtual sectorization using one or more beamformed CSI-RS resource(s) with a single cell-ID (single sector as a special case)

This category comprises of schemes where one or more CSI-RS resources, each CSI-RS resource defining a different virtual sector, are configured and associated with an antenna array. All the CSI-RS resources (associated with the same antenna array) are assigned the same cell-ID. The CSI-RS ports corresponding to a virtual sector can be used for enabling beamforming/precoding in the azimuth dimension only, in the elevation dimension only or in both azimuth and elevation dimensions. Note that in addition to the azimuth and elevation dimensions, the polarization dimension may be available for beamforming/precoding in all cases. The CSI-RS ports defining each virtual sector are compliant with Rel-12 specifications.

Generally this category of schemes is applicable to 16 or more TXRUs
. In general, each TXRU is mapped to a set of co-polarized antenna elements. In case the virtual sectors are formed using only TXRU virtualization, each TXRU is exclusively dedicated to serving a single virtual sector and the CSI-RS to TXRU mapping can be simply 1-to-1 within the virtual sector. Alternatively, the virtual sectors can be formed at baseband, for example when Q=M*N*P (the number of TXRUs is equal to the number of antenna elements). In this case a single CSI-RS port is mapped to multiple TXRUs using virtualization weights. In this category of schemes each UE is associated with a single virtual sector and is served using a single CSI-process.
Single sector case: This special case is generally applicable to any number of TXRUs. A 1D (azimuth or elevation) or 2D TXRU virtualization can be used. In general each TXRU is mapped to a set of co-polarized antenna elements. In the case of 8 TXRUs, an 8-port CSI-RS resource is mapped to the 8 TXRUs using 1-D or 2-D virtualization weights. In the case of 6 TXRUsan 8 port CSI-RS can be usedwith a 1-1 mapping for 6 TXRUs and no transmission on the remaining two ports. In the case of 16TXRUs, 8 CSI-RS ports are mapped onto 16TXRUs, where each CSI-RS port is mapped onto 1-D 2 TXRUs. In case the number of TXRUs is more than 16, a CSI-RS port is mapped to multiple TXRUs using 1-D or 2-D virtualization weights. A single CSI-process can be used per UE. 
6.1.3
Category 3: Kronecker precoding with 2 CSI processes
This category comprises of schemes where two CSI-RS resources, one associated with the azimuth dimension and another with the elevation dimension, are configured and associated with an antenna array. The polarization dimension can be included in either of the CSI-RS resources depending on implementation. CSI-RS ports are transmitted on elements in the vertical and horizontal axes of the array.  
A
 UE is configured with two CSI processes – one associated with the azimuth CSI-RS resource and another associated with the elevation CSI-RS resource. The two CSI processes are used for obtaining precoder information for the azimuth and the elevation dimensions separately from the UE. At the eNB the azimuth and the elevation precoder information is used to form a 2D precoder (with a Kronecker structure), and other link adaptation parameters are determined for transmission. As an example, a 64 port precoder can be formed at the eNB from CSI feedback comprising of a 8-port precoding feedback in azimuth and  8-port rank-1 precoding feedback in elevation.
 The two CSI processes are considered to be according to Rel-12 specifications.

Generally this category of schemes is applicable to 16 or more TXRUs. 


6.1.4
Category 4: SRS based precoding scheme in TDD
This category comprises of schemes where one CSI-RS resource is configured and associated with an antenna array and UEs are configured with no PMI/RI reporting. The CSI-RS ports can be used for obtaining transmit diversity based CSI information from the UEs. The beamforming/precoding that is applied is determined at the eNB from the received SRS utilizing reciprocity principles. The CSI-RS and CSI feedback are compliant with Rel-12 specifications.

Generally this category of schemes is applicable to any number of TXRUs. In this category of schemes each UE is associated with a single CSI-process.
6.2
Specification enhancement schemes

6.2.1
Potential CSI-RS and feedback enhancements
6.2.1.1
Enhancements related to beamformed CSI-RS-based schemes
6.2.1.2 Enhancements related to non-precoded CSI-RS-based schemes


6.2.1.3
Enhancements related to schemes based on hybrid beamformed CSI-RS and non-precoded CSI-RS
6.2.1.4
Enhancements related to non codebook based CSI reporting for TDD
6.2.1.5
Enhancements related to SRS
6.2.2
Potential DMRS enhancements
6.2.3
Potential enhancements for RRM measurements

7
Evaluation results
7.1
Phase 1 results

7.1.1
Scenario 1

Table 7.1.1-1: FTP results (ISD-500m, CF= 2GHz, Geographical wrapping, FDD)
	RU
%
	UPT
	Source 1
	Source 2
	Source 3
	Source 4
	Source 5
	Source 6
	Source 7
	Source 8
	Source 9
	Source 10
	Source 11
	Avg.
	Med.

	
	
	R1-145224
	R1-145008
	R1-144974
	R1-145328
	R1-145201
	R1-145086
	R1-144669
	R1-144593
	R1-144869
	R1-145014
	R1-145350
	
	

	20
	λ
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Mean
	33.79 
	35.90 
	33.00 
	21.80 
	36.96 
	　
	32.09 
	31.40 
	　
	31.88 
	32.10 
	32.10 
	32.10 

	
	50%
	　
	31.30 
	31.50 
	26.10 
	35.29 
	　
	27.21 
	29.20 
	28.57 
	33.33 
	28.60 
	30.12 
	29.20 

	
	5%
	12.03 
	7.71 
	10.20 
	8.90 
	9.47 
	　
	11.24 
	9.60 
	8.68 
	11.70 
	11.00 
	10.05 
	9.90 

	50
	Λ
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Mean
	23.26 
	19.10 
	20.30 
	15.60 
	24.41 
	　
	20.19 
	22.40 
	　
	22.36 
	19.70 
	20.81 
	20.30 

	
	50%
	　
	12.90 
	16.20 
	14.10 
	18.87 
	11.11 
	16.26 
	19.50 
	18.69 
	20.15 
	16.00 
	16.38 
	16.23 

	
	5%
	5.27 
	3.07 
	4.60 
	4.20 
	3.61 
	3.33 
	5.27 
	5.50 
	5.04 
	5.15 
	5.10 
	4.56 
	5.04 

	70
	Λ
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Mean
	16.24 
	15.00 
	13.40 
	11.60 
	17.59 
	　
	13.36 
	18.20 
	　
	17.05 
	13.30 
	15.08 
	15.00 

	
	50%
	　
	9.50 
	9.70 
	9.20 
	11.57 
	5.26 
	10.81 
	14.40 
	10.55 
	13.65 
	9.61 
	10.43 
	10.13 

	
	5%
	2.68 
	2.37 
	2.50 
	2.10 
	1.39 
	1.81 
	2.84 
	3.50 
	1.54 
	2.58 
	2.58 
	2.35 
	2.50 


Table 7.1.1-2: FTP results (ISD-500m, CF= 2GHz, Geographical wrapping, TDD)
	RU
%
	UPT
	Source 2
	Source 5
	Source 8
	Source 13
	
	
	
	
	
	
	
	Avg.
	Med.

	
	
	R1-145008
	R1-145201
	R1-144593
	R1-144945
	
	
	
	
	
	
	
	
	

	
	λ
	
	
	
	
	
	
	
	
	
	
	
	
	

	20
	Mean
	
	
	33.00
	
	
	
	
	
	
	
	
	33.00
	33.00

	
	50%
	
	
	32.30
	
	
	
	
	
	
	
	
	32.30
	32.30

	
	5%
	
	
	9.7
	
	
	
	
	
	
	
	
	9.7
	9.7

	
	λ
	
	
	
	
	
	
	
	
	
	
	
	
	

	50
	Mean
	27.50
	24.70
	23.70
	22.90
	
	
	
	
	
	
	
	24.70
	24.20

	
	50%
	21.80
	19.30
	20.50
	17.10
	
	
	
	
	
	
	
	19.68
	19.90

	
	5%
	5.60
	4.10
	6.3
	3.70
	
	
	
	
	
	
	
	4.93
	4.85

	
	λ
	
	
	
	
	
	
	
	
	
	
	
	
	

	70
	Mean
	
	
	19.10
	
	
	
	
	
	
	
	
	19.10
	19.10

	
	50%
	
	
	15.90
	
	
	
	
	
	
	
	
	15.90
	15.90

	
	5%
	
	
	3.90
	
	
	
	
	
	
	
	
	3.90
	3.90


Table 7.1.1-3: FTP results (ISD-500m, CF=2GHz Radio-distance wrapping, FDD)
	RU
%
	UPT
	Source 1
	
	
	
	
	
	
	
	
	
	
	Avg.
	Med.

	
	
	R1-145224
	
	
	
	
	
	
	
	
	
	
	
	

	
	λ
	
	
	
	
	
	
	
	
	
	
	
	
	

	20
	Mean
	33.27
	
	
	
	
	
	
	
	
	
	
	33.27
	33.27

	
	50%
	　
	
	
	
	
	
	
	
	
	
	
	　
	　

	
	5%
	11.72 
	
	
	
	
	
	
	
	
	
	
	11.72 
	11.72 

	
	λ
	
	
	
	
	
	
	
	
	
	
	
	
	

	50
	Mean
	22.60
	
	
	
	
	
	
	
	
	
	
	22.60
	22.60

	
	50%
	　
	
	
	
	
	
	
	
	
	
	
	　
	　

	
	5%
	5.03
	
	
	
	
	
	
	
	
	
	
	5.03
	5.03

	
	λ
	
	
	
	
	
	
	
	
	
	
	
	
	

	70
	Mean
	17.22 
	
	
	
	
	
	
	
	
	
	
	17.22 
	17.22 

	
	50%
	　
	
	
	
	
	
	
	
	
	
	
	　
	　

	
	5%
	2.81
	
	
	
	
	
	
	
	
	
	
	2.81
	2.81


Table 7.1.1-4: Full-queue results (ISD-500m, CF=2GHz Geographical wrapping, FDD)
	
	Source 2
	Source 4
	Source 5
	Source 11
	Source 14
	
	
	
	
	
	
	Avg.
	Med.

	
	R1-145008
	R1-145328
	R1-145201
	R1-145350
	R1-144629
	
	
	
	
	
	
	
	

	Cell avg.
	2.50 
	2.26 
	3.00 
	2.52 
	3.34 
	
	
	
	
	
	
	2.72 
	2.52 

	Cell edge
	0.09 
	0.08 
	0.06 
	0.07 
	0.06 
	
	
	
	
	
	
	0.07 
	0.07 


Table 7.1.1-5: Full-queue results (ISD-500m, CF=2GHz Geographical wrapping, TDD)
	
	Source 5
	
	
	
	
	
	
	
	
	
	
	Avg.
	Med.

	
	R1-145201
	
	
	
	
	
	
	
	
	
	
	
	

	Cell avg.
	3.41
	
	
	
	
	
	
	
	
	
	
	3.41
	3.41

	Cell edge
	0.11 
	
	
	
	
	
	
	
	
	
	
	0.11 
	0.11 


7.1.2
Scenario 2

Table 7.1.2-1: FTP results (ISD-200m, CF=2GHz Geographical wrapping, FDD)
	RU
%
	UPT
	Source 1
	Source 2
	Source 3
	Source 4
	Source 5
	Source 6
	Source 7
	Source 8
	Source 9
	Source 10
	Source 11
	Avg.
	Med.

	
	
	R1-145224
	R1-145008
	R1-144974
	R1-145328
	R1-145201
	R1-145086
	R1-144669
	R1-144593
	R1-144869
	R1-145014
	R1-145350
	
	

	
	λ
	
	
	
	
	
	
	
	
	
	
	
	
	

	20
	Mean
	34.48 
	42.50 
	32.90 
	22.00 
	38.71 
	
	31.94 
	37.60 
	
	33.95 
	30.50 
	33.84 
	33.95 

	
	50%
	
	40.50 
	31.10 
	26.10 
	38.39 
	46.51 
	28.57 
	39.60 
	30.08 
	36.70 
	26.70 
	34.43 
	33.90 

	
	5%
	13.46 
	10.32 
	10.80 
	9.40 
	11.04 
	13.00 
	11.66 
	14.80 
	10.08 
	13.99 
	10.10 
	11.70 
	11.04 

	
	λ
	
	
	
	
	
	
	
	
	
	
	
	
	

	50
	Mean
	22.28 
	21.50 
	18.70 
	15.30 
	24.78 
	
	20.95 
	24.40 
	
	22.95 
	19.40 
	21.14 
	21.50 

	
	50%
	
	15.40 
	15.20 
	13.90 
	19.44 
	16.95 
	17.17 
	21.50 
	14.98 
	20.73 
	16.60 
	17.19 
	16.78 

	
	5%
	4.99 
	4.18 
	4.50 
	4.10 
	4.00 
	3.53 
	6.75 
	6.10 
	2.64 
	5.76 
	5.28 
	4.71 
	4.50 

	
	λ
	
	
	
	
	
	
	
	
	
	
	
	
	

	70
	Mean
	15.60 
	16.00 
	12.90 
	11.10 
	17.37 
	
	13.16 
	16.90 
	
	16.84 
	12.20 
	14.67 
	15.60 

	
	50%
	
	10.50 
	9.80 
	8.60 
	11.64 
	6.77 
	10.50 
	13.60 
	8.93 
	13.42 
	9.64 
	10.34 
	10.15 

	
	5%
	2.57 
	2.79 
	2.70 
	1.90 
	1.53 
	2.17 
	3.35 
	3.30 
	1.31 
	2.71 
	2.38 
	2.43 
	2.57 


Table 7.1.2-2: FTP results (ISD-200m, CF= 2GHz, Geographical wrapping, TDD)
	RU
%
	UPT
	Source 2
	Source 5
	Source 8
	Source 13
	
	
	
	
	
	
	
	Avg.
	Med.

	
	
	R1-145008
	R1-145201
	R1-144593
	R1-144945
	
	
	
	
	
	
	
	
	

	
	λ
	
	
	
	
	
	
	
	
	
	
	
	
	

	20
	Mean
	
	
	40.00
	
	
	
	
	
	
	
	
	40.00 
	40.00 

	
	50%
	
	
	42.60
	
	
	
	
	
	
	
	
	42.60 
	42.60 

	
	5%
	
	
	16.30
	
	
	
	
	
	
	
	
	16.30 
	16.30 

	
	λ
	
	
	
	
	
	
	
	
	
	
	
	
	

	50
	Mean
	31.50 
	24.40 
	22.90 
	24.10 
	
	
	
	
	
	
	
	25.73 
	24.25 

	
	50%
	26.70 
	19.10 
	20.10 
	18.20 
	
	
	
	
	
	
	
	21.03 
	19.60 

	
	5%
	7.70 
	4.00 
	5.80 
	4.10 
	
	
	
	
	
	
	
	5.40 
	4.95 

	
	λ
	
	
	
	
	
	
	
	
	
	
	
	
	

	70
	Mean
	
	
	17.50
	
	
	
	
	
	
	
	
	17.50 
	17.50 

	
	50%
	
	
	14.40
	
	
	
	
	
	
	
	
	14.40 
	14.40 

	
	5%
	
	
	3.90
	
	
	
	
	
	
	
	
	3.90 
	3.90 


Table 7.1.2-3: FTP results (ISD-200m, CF=2GHz Radio-distance wrapping, FDD)
	RU
%
	UPT
	Source 1
	
	
	
	
	
	
	
	
	
	
	Avg.
	Med.

	
	
	R1-145224
	
	
	
	
	
	
	
	
	
	
	
	

	
	λ
	
	
	
	
	
	
	
	
	
	
	
	
	

	20
	Mean
	33.24
	
	
	
	
	
	
	
	
	
	
	33.24
	33.24

	
	50%
	　
	
	
	
	
	
	
	
	
	
	
	　
	　

	
	5%
	12.50 
	
	
	
	
	
	
	
	
	
	
	12.50 
	12.50 

	
	λ
	
	
	
	
	
	
	
	
	
	
	
	
	

	50
	Mean
	21.59
	
	
	
	
	
	
	
	
	
	
	21.59
	21.59

	
	50%
	　
	
	
	
	
	
	
	
	
	
	
	　
	　

	
	5%
	4.74
	
	
	
	
	
	
	
	
	
	
	4.74
	4.74

	
	λ
	
	
	
	
	
	
	
	
	
	
	
	
	

	70
	Mean
	15.24 
	
	
	
	
	
	
	
	
	
	
	15.24 
	15.24 

	
	50%
	　
	
	
	
	
	
	
	
	
	
	
	　
	　

	
	5%
	2.45
	
	
	
	
	
	
	
	
	
	
	2.45
	2.45


Table 7.1.2-4: Full-queue results (ISD-200m, CF=2GHz Geographical wrapping, FDD)
	
	Source 2
	Source 4
	Source 5
	Source 11
	Source 14
	
	
	
	
	
	
	Avg.
	Med.

	
	R1-145008
	R1-145328
	R1-145201
	R1-145350
	R1-144629
	
	
	
	
	
	
	
	

	Cell avg.
	2.58 
	2.19 
	2.93 
	2.43 
	3.29 
	
	
	
	
	
	
	2.68 
	2.58 

	Cell edge
	0.09 
	0.07 
	0.059
	0.07 
	0.07 
	
	
	
	
	
	
	0.07 
	0.07 


Table 7.1.2-5: Full-queue results (ISD-200m, CF=2GHz Geographical wrapping, TDD)
	
	Source 5
	
	
	
	
	
	
	
	
	
	
	Avg.
	Med.

	
	R1-145201
	
	
	
	
	
	
	
	
	
	
	
	

	Cell avg.
	3.50
	
	
	
	
	
	
	
	
	
	
	3.50
	3.50

	Cell edge
	0.09 
	
	
	
	
	
	
	
	
	
	
	0.09 
	0.09 


Table 7.1.2-6: FTP results (ISD-200m, CF=3.5GHz Geographical wrapping, FDD)
	RU
%
	UPT
	Source 7
	
	
	
	
	
	
	
	
	
	
	Avg.
	Med.

	
	
	R1-144669
	
	
	
	
	
	
	
	
	
	
	
	

	
	λ
	
	
	
	
	
	
	
	
	
	
	
	
	

	20
	Mean
	32.71 
	
	
	
	
	
	
	
	
	
	
	32.71 
	32.71 

	
	50%
	31.25 
	
	
	
	
	
	
	
	
	
	
	31.25 
	31.25 

	
	5%
	12.42 
	
	
	
	
	
	
	
	
	
	
	12.42 
	12.42 

	
	λ
	
	
	
	
	
	
	
	
	
	
	
	
	

	50
	Mean
	17.79 
	
	
	
	
	
	
	
	
	
	
	17.79 
	17.79 

	
	50%
	14.29 
	
	
	
	
	
	
	
	
	
	
	14.29 
	14.29 

	
	5%
	5.41 
	
	
	
	
	
	
	
	
	
	
	5.41 
	5.41 

	
	λ
	
	
	
	
	
	
	
	
	
	
	
	
	

	70
	Mean
	13.78 
	
	
	
	
	
	
	
	
	
	
	13.78 
	13.78 

	
	50%
	10.87 
	
	
	
	
	
	
	
	
	
	
	10.87 
	10.87 

	
	5%
	2.69 
	
	
	
	
	
	
	
	
	
	
	2.69 
	2.69 


7.1.3
Scenario 3
Table 7.1.3-1: FTP results (ISD-200m, CF=2GHz Geographical wrapping, FDD)
	RU
%
	UPT
	Source 1
	Source 2
	Source 3
	Source 4
	Source 5
	Source 6
	Source 7
	Source 8
	Source 9
	Source 10
	Source 11
	Avg.
	Med.

	
	
	R1-145224
	R1-145008
	R1-144974
	R1-145328
	R1-145201
	R1-145086
	R1-144669
	R1-144593
	R1-144869
	R1-145014
	R1-145350
	
	

	
	λ
	
	
	
	
	
	
	
	
	
	
	
	
	

	20
	Mean
	34.09 
	38.90 
	34.30 
	21.90 
	37.99 
	　
	31.18 
	32.40 
	　
	32.87 
	30.30 
	32.66 
	32.87 

	
	50%
	
	36.40 
	33.30 
	26.00 
	37.04 
	43.96 
	28.17 
	30.30 
	29.20 
	34.78 
	26.60 
	32.58 
	31.80 

	
	5%
	12.31 
	9.20 
	10.50 
	9.40 
	10.24 
	12.67 
	10.50 
	9.90 
	8.60 
	12.66 
	9.95 
	10.54 
	10.24 

	
	λ
	
	
	
	
	
	
	
	
	
	
	
	
	

	50
	Mean
	22.25 
	20.30 
	21.20 
	15.30 
	24.97 
	　
	19.94 
	22.80 
	　
	23.06 
	19.90 
	21.08 
	21.20 

	
	50%
	
	13.80 
	17.20 
	13.90 
	19.51 
	19.23 
	15.87 
	19.60 
	14.76 
	20.73 
	16.40 
	17.10 
	16.80 

	
	5%
	4.70 
	3.57 
	4.90 
	3.80 
	3.84 
	6.07 
	5.09 
	5.10 
	2.82 
	5.35 
	5.18 
	4.58 
	4.90 

	
	λ
	
	
	
	
	
	
	
	
	
	
	
	
	

	70
	Mean
	16.05 
	14.60 
	15.60 
	11.10 
	17.67 
	　
	12.93 
	18.00 
	　
	17.33 
	11.50 
	14.98 
	15.60 

	
	50%
	
	8.70 
	11.70 
	8.50 
	11.53 
	10.94 
	10.23 
	14.10 
	8.85 
	13.70 
	8.75 
	10.70 
	10.59 

	
	5%
	2.25 
	2.41 
	3.00 
	1.80 
	1.37 
	3.65 
	2.96 
	3.70 
	1.18 
	2.43 
	2.02 
	2.43 
	2.41 


Table 7.1.3-2: FTP results (ISD-200m, CF= 2GHz, Geographical wrapping, TDD)
	RU
%
	UPT
	Source 2
	Source 5
	Source 8
	Source 13
	
	
	
	
	
	
	
	Avg.
	Med.

	
	
	R1-145008
	R1-145201
	R1-144593
	R1-144945
	
	
	
	
	
	
	
	
	

	
	λ
	
	
	
	
	
	
	
	
	
	
	
	
	

	20
	Mean
	
	
	34.60
	
	
	
	
	
	
	
	
	34.60
	34.60

	
	50%
	
	
	33.90
	
	
	
	
	
	
	
	
	33.90
	33.90

	
	5%
	
	
	11.20
	
	
	
	
	
	
	
	
	11.20
	11.20

	
	λ
	
	
	
	
	
	
	
	
	
	
	
	
	

	50
	Mean
	26.50 
	25.10 
	24.90 
	23.50 
	
	
	
	
	
	
	
	25.00 
	25.00 

	
	50%
	18.80 
	19.70 
	21.70 
	18.20 
	
	
	
	
	
	
	
	19.60 
	19.25 

	
	5%
	4.70 
	4.10 
	6.10 
	3.90 
	
	
	
	
	
	
	
	4.70 
	4.40 

	
	λ
	
	
	
	
	
	
	
	
	
	
	
	
	

	70
	Mean
	
	
	24.90
	
	
	
	
	
	
	
	
	24.90
	24.90

	
	50%
	
	
	21.70
	
	
	
	
	
	
	
	
	21.70
	21.70

	
	5%
	
	
	6.10
	
	
	
	
	
	
	
	
	6.10
	6.10


Table 7.1.3-3: FTP results (ISD-200m, CF=2GHz Radio-distance wrapping, FDD)
	RU
%
	UPT
	Source 1
	
	
	
	
	
	
	
	
	
	
	Avg.
	Med.

	
	
	R1-145224
	
	
	
	
	
	
	
	
	
	
	
	

	
	λ
	
	
	
	
	
	
	
	
	
	
	
	
	

	20
	Mean
	32.99 
	
	
	
	
	
	
	
	
	
	
	32.99 
	32.99 

	
	50%
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	5%
	11.54 
	
	
	
	
	
	
	
	
	
	
	11.54 
	11.54 

	
	λ
	
	
	
	
	
	
	
	
	
	
	
	
	

	50
	Mean
	21.62
	
	
	
	
	
	
	
	
	
	
	21.62
	21.62

	
	50%
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	5%
	4.51
	
	
	
	
	
	
	
	
	
	
	4.51
	4.51

	
	λ
	
	
	
	
	
	
	
	
	
	
	
	
	

	70
	Mean
	15.91
	
	
	
	
	
	
	
	
	
	
	15.91
	15.91

	
	50%
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	5%
	2.552
	
	
	
	
	
	
	
	
	
	
	2.552
	2.552


Table 7.1.3-4: Full-queue results (ISD-200m, CF=2GHz Geographical wrapping, FDD)
	
	Source 2
	Source 4
	Source 5
	Source 11
	Source 14
	
	
	
	
	
	
	Avg.
	Med.

	
	R1-145008
	R1-145328
	R1-145201
	R1-145350
	R1-144629
	
	
	
	
	
	
	
	

	Cell avg.
	2.63 
	2.22 
	2.94 
	2.46 
	3.42 
	
	
	
	
	
	
	2.73 
	2.63 

	Cell edge
	0.09 
	0.08 
	0.06 
	0.07 
	0.06 
	
	
	
	
	
	
	0.07 
	0.07 


Table 7.1.3-5: Full-queue results (ISD-200m, CF=2GHz Geographical wrapping, TDD)
	
	Source 5
	
	
	
	
	
	
	
	
	
	
	Avg.
	Med.

	
	R1-145201
	
	
	
	
	
	
	
	
	
	
	
	

	Cell avg.
	3.27 
	
	
	
	
	
	
	
	
	
	
	3.27 
	3.27 

	Cell edge
	0.08 
	
	
	
	
	
	
	
	
	
	
	0.08 
	0.08 


Table 7.1.3-6: FTP results (ISD-200m, CF=3.5GHz Geographical wrapping, FDD)
	RU
%
	UPT
	Source 1
	Source 2
	Source 3
	Source 4
	Source 5
	Source 6
	Source 7
	Source 8
	Source 9
	Source 10
	Source 11
	Avg.
	Med.

	
	
	R1-145224
	R1-145008
	R1-144974
	R1-145328
	R1-145201
	R1-145086
	R1-144669
	R1-144593
	R1-144869
	R1-145014
	R1-145350
	
	

	
	λ
	
	
	
	
	
	
	
	
	
	
	
	
	

	20
	Mean
	33.13 
	34.40 
	33.90 
	21.60 
	　
	　
	31.89 
	31.30 
	　
	　
	29.30 
	30.79 
	31.89 

	
	50%
	
	30.80 
	33.00 
	25.30 
	　
	28.67 
	28.17 
	29.40 
	27.21 
	　
	25.50 
	28.51 
	28.42 

	
	5%
	10.81 
	6.65 
	10.10 
	9.10 
	　
	12.37 
	10.36 
	8.00 
	7.52 
	　
	8.96 
	9.32 
	9.10 

	
	λ
	
	
	
	
	
	
	
	
	
	
	
	
	

	50
	Mean
	22.52 
	16.90 
	20.80 
	15.10 
	　
	　
	18.43 
	21.40 
	　
	　
	19.70 
	19.26 
	19.70 

	
	50%
	
	10.60 
	16.50 
	13.70 
	　
	10.09 
	14.18 
	17.80 
	11.73 
	　
	16.70 
	13.91 
	13.94 

	
	5%
	4.77 
	2.55 
	4.70 
	3.60 
	　
	2.62 
	4.33 
	5.00 
	1.81 
	　
	4.69 
	3.78 
	4.33 

	
	λ
	
	
	
	
	
	
	
	
	
	
	
	
	

	70
	Mean
	16.02 
	12.20 
	14.50 
	10.90 
	　
	　
	12.90 
	15.70 
	　
	　
	11.10 
	13.33 
	12.90 

	
	50%
	
	7.00 
	10.60 
	8.30 
	　
	5.98 
	10.03 
	12.30 
	7.33 
	　
	8.53 
	8.76 
	8.42 

	
	5%
	2.34 
	1.77 
	2.80 
	1.70 
	　
	2.12 
	2.56 
	3.20 
	1.05 
	　
	1.87 
	2.16 
	2.12 


Table 7.1.3-7: FTP results (ISD-200m, CF= 3.5GHz, Geographical wrapping, TDD)
	RU
%
	UPT
	Source 2
	Source 8
	Source 13
	
	
	
	
	
	
	
	
	Avg.
	Med.

	
	
	R1-145008
	R1-144593
	R1-144945
	
	
	
	
	
	
	
	
	
	

	
	λ
	
	
	
	
	
	
	
	
	
	
	
	
	

	20
	Mean
	
	33.50
	
	
	
	
	
	
	
	
	
	33.50
	33.50

	
	50%
	
	33.10
	
	
	
	
	
	
	
	
	
	33.10
	33.10

	
	5%
	
	10.00
	
	
	
	
	
	
	
	
	
	10.00
	10.00

	
	λ
	
	
	
	
	
	
	
	
	
	
	
	
	

	50
	Mean
	24.70 
	23.30 
	21.70 
	
	
	
	
	
	
	
	
	23.23 
	23.30 

	
	50%
	20.30 
	20.50 
	15.20 
	
	
	
	
	
	
	
	
	18.67 
	20.30 

	
	5%
	3.80 
	5.80 
	3.30 
	
	
	
	
	
	
	
	
	4.30 
	3.80 

	
	λ
	
	
	
	
	
	
	
	
	
	
	
	
	

	70
	Mean
	
	19.00
	
	
	
	
	
	
	
	
	
	19.00
	19.00

	
	50%
	
	15.30
	
	
	
	
	
	
	
	
	
	15.30
	15.30

	
	5%
	
	4.10
	
	
	
	
	
	
	
	
	
	4.10
	4.10


Table 7.1.3-8: FTP results (ISD-200m, CF=3.5GHz Radio-distance wrapping, FDD)
	RU
%
	UPT
	Source 1
	
	
	
	
	
	
	
	
	
	
	Avg.
	Med.

	
	
	R1-145224
	
	
	
	
	
	
	
	
	
	
	
	

	
	λ
	
	
	
	
	
	
	
	
	
	
	
	
	

	20
	Mean
	32.44 
	
	
	
	
	
	
	
	
	
	
	32.44 
	32.44 

	
	50%
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	5%
	10.92 
	
	
	
	
	
	
	
	
	
	
	10.92 
	10.92 

	
	λ
	
	
	
	
	
	
	
	
	
	
	
	
	

	50
	Mean
	21.90
	
	
	
	
	
	
	
	
	
	
	21.90
	21.90

	
	50%
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	5%
	4.72
	
	
	
	
	
	
	
	
	
	
	4.72
	4.72

	
	λ
	
	
	
	
	
	
	
	
	
	
	
	
	

	70
	Mean
	15.27
	
	
	
	
	
	
	
	
	
	
	15.27
	15.27

	
	50%
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	5%
	2.38
	
	
	
	
	
	
	
	
	
	
	2.38
	2.33


Table 7.1.3-9: Full-queue results (ISD-200m, CF=3.5GHz Geographical wrapping, FDD)
	
	Source 2
	Source 4
	Source 11
	
	
	
	
	
	
	
	
	Avg.
	Med.

	
	R1-145008
	R1-145328
	R1-145350
	
	
	
	
	
	
	
	
	
	

	Cell avg.
	2.62 
	2.21 
	2.39 
	
	
	
	
	
	
	
	
	2.40 
	2.39 

	Cell edge
	0.09 
	0.07 
	0.06 
	
	
	
	
	
	
	
	
	0.07 
	0.07 


7.1.4
Scenario 4
Table 7.1.4-1: FTP results (Geographical wrapping, FDD)
	RU
%
	UPT
	Source 1
	Source 2
	Source 3
	Source 4
	Source 5
	Source 6
	Source 7
	Source 8
	Source 9
	Source 10
	Avg.
	Med.

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	λ
	
	
	
	
	
	
	
	
	
	
	
	

	20
	Mean
	
	
	
	
	
	
	
	
	
	
	
	

	
	50%
	
	
	
	
	
	
	
	
	
	
	
	

	
	5%
	
	
	
	
	
	
	
	
	
	
	
	

	
	λ
	
	
	
	
	
	
	
	
	
	
	
	

	50
	Mean
	
	
	
	
	
	
	
	
	
	
	
	

	
	50%
	
	
	
	
	
	
	
	
	
	
	
	

	
	5%
	
	
	
	
	
	
	
	
	
	
	
	

	
	λ
	
	
	
	
	
	
	
	
	
	
	
	

	70
	Mean
	
	
	
	
	
	
	
	
	
	
	
	

	
	50%
	
	
	
	
	
	
	
	
	
	
	
	

	
	5%
	
	
	
	
	
	
	
	
	
	
	
	


Table 7.1.4-2: Full-queue results (Geographical wrapping, FDD)
	
	Source 1
	Source 2
	Source 3
	Source 4
	Source 5
	Source 6
	Source 7
	Source 8
	Source 9
	Source 10
	Avg.
	Med.

	
	
	
	
	
	
	
	
	
	
	
	
	

	Cell avg.
	
	
	
	
	
	
	
	
	
	
	
	

	Cell edge
	
	
	
	
	
	
	
	
	
	
	
	


7.1.5
Scenario 5
Table 7.1.5-1: FTP results (Geographical wrapping, FDD)
	RU
%
	UPT
	Source 1
	Source 2
	Source 3
	Source 4
	Source 5
	Source 6
	Source 7
	Source 8
	Source 9
	Source 10
	Avg.
	Med.

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	λ
	
	
	
	
	
	
	
	
	
	
	
	

	20
	Mean
	
	
	
	
	
	
	
	
	
	
	
	

	
	50%
	
	
	
	
	
	
	
	
	
	
	
	

	
	5%
	
	
	
	
	
	
	
	
	
	
	
	

	
	λ
	
	
	
	
	
	
	
	
	
	
	
	

	50
	Mean
	
	
	
	
	
	
	
	
	
	
	
	

	
	50%
	
	
	
	
	
	
	
	
	
	
	
	

	
	5%
	
	
	
	
	
	
	
	
	
	
	
	

	
	λ
	
	
	
	
	
	
	
	
	
	
	
	

	70
	Mean
	
	
	
	
	
	
	
	
	
	
	
	

	
	50%
	
	
	
	
	
	
	
	
	
	
	
	

	
	5%
	
	
	
	
	
	
	
	
	
	
	
	


Table 7.1.5-2: Full-queue results (Geographical wrapping, FDD)
	
	Source 1
	Source 2
	Source 3
	Source 4
	Source 5
	Source 6
	Source 7
	Source 8
	Source 9
	Source 10
	Avg.
	Med.

	
	
	
	
	
	
	
	
	
	
	
	
	

	Cell avg.
	
	
	
	
	
	
	
	
	
	
	
	

	Cell edge
	
	
	
	
	
	
	
	
	
	
	
	


7.2
Phase 2 results

8
Conclusions
Editor’s note: This section will capture the RAN1 conclusions 
Annex A: Simulation assumptions
Editor’s note: This annex will capture the simulation assumptions agreed for performance evaluation of elevation beamforming/FD-MIMO in RAN WG1
A.1
Simulation assumptions for homogeneous networks (scenarios 1, 2, 3)

The assumptions in Table A.1-1 are used for both phase-1 and phase-2 evaluations.

Table A.1-1: Simulation assumptions

	Parameters
	Values

	Tx power
	46dBm for scenario-1, 41dBm for scenario-2, 41 dBm for scenario-3

	Polarized antenna modeling
	Model -2 from 36.873 [3]

	Traffic model 
	Mandatory: FTP Model 1 with packet size 0.5 Mbytes (low ~20% RU*, medium ~50% RU, high ~70%RU), the number of UEs is variable and according to desired load for bursty

Optional: Full buffer model

*RU clarification: multiple SU or MU layers are not counted multiple times towards RU, max RU=100% 

	Wrapping method
	Mandatory: Geographical distance based

Optional: Radio distance based

	Handover margin
	3dB

	Metrics
	Mean, 5%, 50% UPT

	System bandwidth
	10MHz (50 PRBs)

	UE attachment 
	Option 1) Based on RSRP (formula) from CRS port 0*

*This does not restrict any virtualization weights for CRS port 0 

	Carrier Frequency 
	Mandatory: 2GHz for scenarios 1, 2 and 3, 3.5 GHz for scenario-3, 
Optional: 3.5 GHz only for scenario-2

	Network synchronization 
	Synchronized

	UE Speed 
	3km/h

	UE distribution 
	according to 36.873 [3]

	UE array orientation
	ΩUT,a uniformly distributed on [0,360] degree, ΩUT,b = 90 degree, ΩUT,g = 0 degree

	UE antenna pattern
	Isotropic antenna gain pattern A’(θ’,ф’) = 1

	Receiver 
	Non-ideal channel estimation and interference modeling, detailed guidelines according to Rel-12 [71-12] assumptions

	
	LMMSE-IRC receiver, detailed guidelines according to Rel-12 [71-12] assumptions

	UE Rx antenna configuration
	2 Rx cross-polarized (0/+90)


The assumptions in Table A.1-2 are used for phase-1 evaluations.

Table A.1-2: Simulation assumptions

	Parameters
	Values

	Feedback 
	PUSCH 3-2 for non-reciprocity operation (PUSCH 3-0 for reciprocity based operation)

	
	CQI, PMI and RI reporting triggered per 5ms 

	
	Feedback delay is 5 ms 

	
	Rel-10 8Tx codebook based for non-reciprocity based operation (SRS for reciprocity based operation only for TDD)

	Transmission scheme
	TM10, single CSI process, dynamic SU/MU-MIMO with rank adaptation

Single CSI process is used for phase 1 simulation only

	Overhead 
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB

	Scheduler 
	Frequency selective scheduling (multiple UEs per TTI allowed)

	BS antenna configuration
	Antenna elements config (M, N, P): (8, 4, 2), TXRU config (MTXRU, N, P): (1, 4, 2)

	Number of UE transmit antennas
	1 or 2

	CSI-RS, CRS
	CSI-RS, CRS: CSI-RS 1-1 mapping to TXRU, only CRS port 0 is modeled for UE attachment, CRS port 0 is associated with the first column with +45 degree pol, CRS port 0 to TXRU mapping is ideal and given by [1, 0, 0, 0, 0, 0, 0, 0]

	Downtilt
	θetilt = 100 deg for scenario-1, scenario-3, θetilt = 104 deg for scenario-2

	CSI-RS/SRS periodicity
	5msec

	SRS error modelling
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 should be provided by each company and additional factors (e.g, SRS interference due to UL traffic, non-perfect open loop power control, UE TX antenna gain imbalance modelling) may be considered. 
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where,
                 Interference power:

· no intra-cell SRS interference

· for inter-cell SRS interference: UEs are randomly grouped to 4 groups in baseline cases, UEs in the same group (in different cells) would interfere with each other’s SRS; 

· Use pathloss/linkloss for interference calculation
· Inclusion of CAZAC sequence gain needs to be clarified
Signal power:

· Use open loop power control (based on linkloss from serving cell)
· Ex: SINR based on pathloss can be derived by: 
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 is the received SINR of the target UE t at cell c, M is the number of SRS interferers considered in the simulation, 
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is the transmit power of UE i based on open loop power control, 
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is the pathloss from UE i to cell c.   
Δ (Delta):

· The details of delta derivation should be provided by each company

· Example can be a constant value of 9 dB
· Other values are not precluded, and may be determined by LLS or other look-up table
Note that baseline is given by the following - “4 groups” corresponds to 2 SC-FDMA symbols and 2 comb per 5ms for SRS transmission. “no intra-cell SRS interference” assumes that in a SC-FDMA symbol not more than 4 CSs are used for SRS transmission simultaneously.
Each company should provide detailed assumptions including power control parameter settings (e.g., alpha, P0) in a contribution. Note that example of power control setting parameters existed in R1-144943.



A.2
Simulation assumptions for non co-channel heterogeneous networks (scenario 4)

The assumptions in Table A.2-1 and Table A.2-2 are used for both phase-1 and phase-2 evaluations unless specifically mentioned.
Table A.2-1: Simulation assumptions
	Parameter
	Values

	
	Macro cell

(only for cell association)
	Small cell

(for performance evaluation)

	Layout
	According to scenario 1
	Step 1: Randomly drop small cell centers around the small cell cluster center within a radius of Rc; and consider the minimum distance between small cell centers (Dscc).

Step 2: Randomly deploy small cell antennas on area circle with the radius of half of Dscc.

Step 3: Determine the horizontal angle of the small cells with the planer facing to the small cell center.

	BS antenna configuration
	Aligned with scenario 1 assumptions
	(M, N, K) = (4, 2 or 4, 1 or 2), X-pol (+/-45), (dH, dV) = (0.5λ, 0.5λ), θetilt=120 deg
8 TXRU with N=4 for phase 1

	Channel model between eNB and UE
	3D-UMa
	3D-UMi

	Total BS Tx power
	46 dBm
	30 dBm

	BS antenna height
	25 m
	10 m

	Number of clusters per macro cell geographical area
	1

	Number of small cells per cluster
	4

	Radius for UE dropping in a cluster
	70m

	Radius for small cell center dropping in a cluster (Rc)
	50m

	Minimum distance (2D)
	(Dscc) small cell center – small cell center: 40m

	
	Small cell – UE: 10m

	
	Macro – small cell cluster center: 105m

	
	Macro – UE: 35m

	
	Small cell cluster center - small cell cluster center: 2*Rc+Dscc

	UE distribution 
	2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 20% UEs are outdoor and 80% UEs are indoor


Table A.2-2: Simulation assumptions

	Parameters
	Values

	Polarized antenna modeling
	Model -2 from 36.873 [3]

	Traffic model 
	Mandatory: FTP Model 1 with packet size 0.5 Mbytes (low ~20% RU*, medium ~50% RU, high ~70%RU), the number of UEs is variable and according to desired load for bursty

Optional: Full buffer model

*RU clarification: multiple SU or MU layers are not counted multiple times towards RU, max RU=100% 

	Wrapping method
	Mandatory: Geographical distance based

Optional: Radio distance based

	Handover margin
	3dB

	Metrics
	Mean, 5%, 50% UPT

	System bandwidth
	10MHz (50 PRBs)

	Carrier Frequency 
	2GHz for macro cells, 3.5GHz for small cells

	Network synchronization 
	Synchronized

	UE Speed 
	3km/h

	UE distribution 
	according to 36.873 [3]

	UE array orientation
	ΩUT,a uniformly distributed on [0,360] degree, ΩUT,b = 90 degree, ΩUT,g = 0 degree

	UE antenna pattern
	Isotropic antenna gain pattern A’(θ’,ф’) = 1

	Receiver 
	Non-ideal channel estimation and interference modeling, detailed guidelines according to Rel-12 [71-12] assumptions

	
	LMMSE-IRC receiver, detailed guidelines according to Rel-12 [71-12] assumptions

	UE Rx antenna configuration
	2 Rx cross-polarized (0/+90)


The assumptions in Table A.2-3 are used for phase-1 evaluations.

Table A.2-3: Simulation assumptions

	Parameters
	Values

	Feedback 
	PUSCH 3-2 for non-reciprocity operation (PUSCH 3-0 for reciprocity based operation)

	
	CQI, PMI and RI reporting triggered per 5ms 

	
	Feedback delay is 5 ms 

	
	Rel-10 8Tx codebook based for non-reciprocity based operation (SRS for reciprocity based operation only for TDD*)

	Transmission scheme
	TM10, single CSI process, dynamic SU/MU-MIMO with rank adaptation

Single CSI process is used for phase 1 simulation only

	Overhead 
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB

	Scheduler 
	Frequency selective scheduling (multiple UEs per TTI allowed)

	BS antenna configuration
	(M,N,P) = (8,4,2), MTXRU = 1 for macro cells

(M,N,P) = (4,4,2), MTXRU = 1 for small cells

	Number of UE transmit antennas
	1 or 2

	CSI-RS, CRS
	CSI-RS, CRS: CSI-RS 1-1 mapping to TXRU, only CRS port 0 is modeled for UE attachment, CRS port 0 is associated with the first column with +45 degree pol, CRS port 0 to TXRU mapping is ideal and given by [1, 0, 0, 0, 0, 0, 0, 0]

	Downtilt
	Baseline: Antenna downtilting angle θetilt = 100 degree for macro cell

	CSI-RS/SRS periodicity
	5msec

	SRS error modelling
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	Cell association
	Geometry-based UE association with 2dB bias (i.e., 
[image: image32.wmf]÷

ø

ö

ç

è

æ

+

å

noise

RSRP

RSRP

i

i

T

where T and RSRPi represent index of the target cell and RSRP from cell #i, respectively. The sum of the RSRP is taken over all cells in the same frequency band to the target cell.

) – Note 2

	NOTE 1:

[image: image33.wmf]H

~

is the estimated channel, 
[image: image34.wmf]H

is the channel response in frequency domain, 
[image: image35.wmf]E

is the white complex Gaussian variables with zero mean and variance 
[image: image36.wmf]2

E

s

, 
[image: image37.wmf]a

is the scaling factor 
[image: image38.wmf]2

E

σ

α

+

=

1

1

. The details of calculation on 
[image: image39.wmf]2

E

s

 should be provided by each company and additional factors (e.g, SRS interference due to UL traffic, non-perfect open loop power control, UE TX antenna gain imbalance modelling) may be considered.
NOTE 2:
These simulation assumptions use macro cells only for cell association and approximate the cell association behaviour of separate frequency heterogeneous networks with full buffer traffic on all cells.  The cell association statistics of UEs with non-full buffer traffic could therefore differ by an undetermined amount when traffic is simulated on the macro cell and an RSRQ or RSRP based cell association method is used.


The macro cells are used for cell association only. 
At least for Phase 1, the following assumptions are used for cell association:

-
Cell association is based on CRS port 0 for both small cell and macro cell
-
CRS port 0 is associated with the first column with +45 degree polarization
-
For macro cells, CRS port 0 is associated with one TXRU, and that TXRU to antenna element mapping is given by:
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where m=1,…,K, θetilt is the electrical vertical steering angle, K = 8.

For Phase 1, the following assumptions are used for cell association:

-
For small cells, CRS port 0 is associated with one TXRU, and that TXRU to antenna element mapping is given by:
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where m=1,…,K, θetilt is the electrical vertical steering angle, K = 4.
For phase 2 evaluation:

Optimized bias values and electrical tilting values for each company can be considered. The same ratio of small cell UEs, i.e., 2/3, is used for baseline and enhancements.
A.3
Simulation assumptions for co-channel heterogeneous networks (scenario 5, 6)

The assumptions in Table A.3-1 are used for both phase-1 and phase-2 evaluations. For other assumptions follow Table A.2-1 and Table A.2-2 for both phase-1 and phase-2 evaluations and follow Table A.2-3 for phase-1 evaluations. 
Table A.3-1: Simulation assumptions
	Parameter
	Values

	
	Macro cell
	Small cell

	Layout
	According to scenario 1
	Same as Table A.2-1 for directional antenna arrays, same as Table A.2-1 except small cells are located at the small cell center for omni-directional arrays.

	BS antenna configurations
	Aligned with scenario 1
	a) 3D omni pattern for low power node in [4] with θetilt=90 deg, 2Tx, antenna gain + connector loss = 5 dBi
b) (M,N,K)=(4, 4 ,2 or 4), X-pol(+/-45), (dH, dV) = (0.5λ, 0.5λ) with θetilt=120 deg, according to Table 5.2.1-1

	Carrier frequency 
	2 GHz 
	2 GHz 

	CRE bias
	0dB

	UE association
	Based on RSRP (formula defined in TR36.873) from CRS port 0

	Coordination
	No coordination among any antenna arrays, no coordination between macro cells and small cells, no coordination among small cells, no coordination among macro cells


For phase-2 evaluation:

Enhanced systems are evaluated at the offered traffic load, that results in RU 20%, 50%, or 70% across all the macro cells, of a reference scheme. This assumes the macro cell layer is more loaded compared to other layers.
A.4
Simulation assumptions for uplink
	Parameter 
	Values 

	Channel model & BS antenna downtilt
	Aligned with DL Phase 1 simulation assumptions 

	BS antenna element configurations
	M=8, N=4, P=2, Q=8 

	BS antenna polarization
	Cross-polarized

	UE attachment
	Aligned with downlink Phase 1 simulation assumptions 

	Carrier Frequency 
	2GHz 

	Network sync 
	Synchronized 

	System bandwidth 
	10MHz (50RBs) 

	UE distribution/speed/array orientation/antenna pattern 
	Aligned with DL phase 1 simulation assumptions 

	Wrapping method 
	Geographical distance based 

	Handover margin 
	3dB 

	Traffic model 
	Aligned with DL simulation assumptions except with packet size equal to 100kbytes 

	Scheduler 
	PF scheduler (considering single carrier property) 

	Receiver 
	Ideal/non-ideal channel estimation, both demodulation and sounding 

	
	Explicit intercell interference modelling    

	
	MMSE-IRC 

	Hybrid ARQ 
	Maximum 4 transmissions, CC 

	Transmission scheme 
	1xMR SIMO (MR=Q) 

	Maximum UE TX power 
	23dBm 

	Target BLER 
	10% 

	Overhead 
	2 SC-FDMA symbols per 1ms for the demodulation RS 

	
	2 SC-FDMA symbols per 5ms for channel sounding RS 

	
	8RBs for PUCCH 

	SRS configurations 
	5ms of channel sounding RS period (infinite SRS capacity) 

	
	4ms of channel sounding delay 

	Power control 
	P0=-80dBm, alpha=0.8 

	Metrics 
	Mean, 5%, 50% UPT 

	Number of Tx antenna at UE 
	1 antenna 
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In my understanding, �CRS identify the sectors.  Also, they are not configured (at least not in the UE specific sense).  So it seems better to describe this in terms of CRS.


�I think this is intended to flesh out where pure vertical sectorization can be used with specific cases, but for me the text does not really help clarify the cases.  Vertical sectorization can be used with M=2...8 when 16 or more TXRUs are used, e.g. when one allows for horizontal UE specific beamforming.  Similarly, 2D virtualization can be used for more than M=2 cases. 


�Meant as an observation given the contributions in RAN1 with our assumed set of simulation parameters – but not essential to have I guess.


�Same comment as above.


�My understanding is that the CSI-RS ports generally cover the entire cell in azimuth and elevation rather than being virtualized.


�This sentence is meant to say that the channels from the TXRUs are only partially observable at the UE (in V and H) – lets try to find a better wording but we need something to clarify this property. 


�For dual polarized configurations, the horizontal precoding may better be exemplified with rank 2.  


�Meant to have an analogous decscription for all sub-sections – purely editorial in my mind but prefer to have something like this may be reworded?


�please see earlier comment on virtualization.  Also, the number of CSI processes is already identified above.


�removed as agreed in online discussions
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