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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.

Introduction

This clause is optional. If it exists, it is always the second unnumbered clause.

1
Scope

The present document is the Technical Report for the Work Item on Base Station (BS) Radio Frequency (RF) requirements for Active Antenna System (AAS), which was approved at TSG RAN#59. The present document captures the background and the decisions on the specification of RF requirements that are applicable to AAS BS.
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]
3GPP TR 37.840: "Study of Radio Frequency (RF) and Electromagnetic Compatibility (EMC) requirements for Active Antenna Array System (AAS) base station”.
[3]
RP-130373, “Base Station (BS) RF requirements for Active Antenna System (AAS)”
3
Definitions, symbols and abbreviations


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].

Active Antenna System:  a BS system which combines an Antenna Array with an Active Transceiver Unit Array. An AAS may include a Radio Distribution Network. 
AAS Transceiver Unit Array: an array of transceiver units which generate radio signals in the transmit direction and accept radio signals in the receive direction.
Array Element: a subdivision of a passive antenna array, consisting of a single radiating element or a group of radiating elements, with a fixed radiation pattern.
Antenna Array: a group of antenna elements characterized by the geometry and the properties of the array elements.
Array Factor: the radiation pattern of an array antenna when each array element is considered to radiate isotropically.
NOTE:
When the radiation pattern of individual array elements are identical, and the array elements are congruent under translation, then the product of the array factor and the array element radiation pattern gives the radiation pattern of the entire array.
Cell Partitioning: the division of coverage in a sector into multiple subsectors. The subsectors may be divided into the vertical and/or horizontal plane.
Directivity: the ratio of the radiation intensity in a given direction from the antenna to the radiation intensity averaged over all directions.
NOTE:     If the direction is not specified, the direction of maximum radiation intensity is implied.
Downtilt Angle: the angle between the direction of the maximum antenna gain and the horizontal plane.
Front-to-Back Ratio: the ratio of maximum directivity of an antenna to its directivity in a specified rearward direction.
Gain: the ratio of the radiation intensity, in a given direction, to the radiation intensity that would be obtained if the power accepted by the antenna were radiated isotropically.
NOTE:     If the direction is not specified, the direction of maximum radiation intensity is implied.
Half Power Beamwidth: in a radiation pattern cut containing the direction of the maximum of a lobe, the angle between two directions in which the radiation intensity is one-half the maximum value.
Radiating Element: a basic building block of an array element characterized by its radiation properties.

Radiation Pattern: the angular distribution of the radiated electromagnetic field or power level in the far field region.
Radio Distribution Network: a passive network which distributes radio signals generated by the active transceiver unit array to the antenna array, and/or distributes the radio signals collected by the antenna array to the active transceiver unit array.
NOTE: 
In the case when the active transceiver units are physically integrated with the array elements of the antenna array, the radio distribution network is a one-to-one mapping. 

Transceiver Unit: the active unit consisting of transmitter and/or receiver which transmits and/or receives radio signals.

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].

AA
Antenna Array
AAS
Active Antenna System

AE
Array Element

AUT
Antenna Under Test
EIRP
Equivalent Isotropical Radiated Power

EIRS
Equivalent Isotropical Received Sensitivity
EMC
Electromagnetic compatibility
ISD
Inter-Site Distance

MCL
Minimum Coupling Loss

OTA
Over-the-Air

RDN
Radio Distribution Network

RXU
Receiver Unit
TXRU
Transceiver Unit
TXRUA
Transceiver Unit Array
TXU
Transmitter Unit
ULA
Uniform Linear Array

URA
Uniform Rectangular Array



4
General

<Texts to be added>
4.1
Work Item scope
This Work Item (WI) is to specify Radio Frequency (RF) requirements for Active Antenna System (AAS) Base Station (BS) covering single Radio Access Technology (RAT) capable BS supporting UTRA or E-UTRA, and multi-RAT capable BS operating in Band Category (BC) 1 and BC3, for Wide Area (WA), Medium Range (MR), and Local Area (LA) coverage to ensure necessary coexistence.  Wide Area BS will be prioritized.

4.2
Work Item objectives

A Study Item (SI) phase on Active Antenna System was concluded and the investigation results are captured in [2]. Particularly the SI conclusion is captured in sub-clause 9 in [2]. A WI was approved in [3] and the objectives of the Work Item are to firstly decide the list of radiated requirements as well as the list of conducted requirements based on the identified representative deployment scenarios, and then to create the specifications for the requirements that are applicable to AAS BS.

The AAS base station test methods and specification of the conformance requirements corresponding to the core requirements will be defined.
Detailed WI texts are presented in [3].


4.3
AAS BS architecture
The AAS radio architecture is represented by three main functional blocks, the Transceiver Unit Array (TXRUA), the Radio Distribution Network, (RDN), and the Antenna Array (AA). The Transceiver Units (TXRU) interface with the base band processing within the eNodeB.
The Transceiver Unit Array consists of multiple Transmitter Units (TXU) and Receiver Units (RXU). The Transmitter Unit takes the baseband input from the AAS Base Station and provides the RF TX outputs. The RF TX outputs may be distributed to the Antenna Array via a Radio Distribution Network. The Receiver Unit performs the reverse of the Transmitter Unit operations. The Radio Distribution Network, if present, performs the distribution of the TX outputs into the corresponding antenna paths and antenna elements, and a distribution of RX inputs from antenna paths in the reverse direction. The transmitter and receiver unit can be separated and can have difference mapping towards radiating elements.

The transceiver array boundary is the point or points at which the transceiver array is connected to the RDN in figure 4.3-1. "Transceiver array boundary" may refer to the combination of all of the transceivers or may refer to an individual transceiver. The point where a Transmitter Unit or a Receiver Unit connects with the RDN is equivalent to an “antenna connector” of a non-AAS BS when it is defined as conducted requirement reference point.
NOTE 1:
The RDN may consist of a simple one to one mapping between the TXU(s)/RXU(s) and the passive Antenna Array. In this case, the RDN would be a logical entity but not necessarily a physical entity.

NOTE 2:
The Antenna Array includes various implementations and configurations e.g. polarization, spatial separations etc.

NOTE 3:
The physical location of the Transceiver Unit Array, the Radio Distribution Network, and the Antenna Array may differ from this logical representation and is implementation dependent.
NOTE 4:
No specific mapping between TXU/RXU and antenna elements is assumed. Further the number of separate receiver and transmitter units as well as the mapping in the RDN between transceivers and  radiating elements can differ between the transmit and receive directions. The AAS reference architecture allows for full asymmetry between receiver path and transmit path.
NOTE 5:
For AAS BS capable of supporting applications employing beam-forming, all or subgroups of transceivers can be configured with designated amplitude and phase weights such that one or more beams are radiated from the antenna array.

 SHAPE  \* MERGEFORMAT 



Figure 4.3-1: General AAS Radio Architecture

A BS with AAS, with general radio architecture as shown in Figure 4.3-1, is generic to all types of AAS structures including diversity, beam-forming, spatial multiplexing, or any combination of the three.

4.4
Specification organization

< This section decides how to implement the list of conducted requirements in TS25/36/37 series, and how to implement the radiated requirements in the newly created AAS specification, respectively>

4.5
Applicability of requirements

<This section outlines the applicability of the conducted requirements in TS 25/26/37.104 series, as well as the radiated requirements in the newly created specification>
5
Application and coexistence scenarios
5.1
Objectives
A downlink co-existence simulation campaign was performed with the objective of establishing whether the radiated adjacent channel emissions pattern for an AAS aggressor system, which differs from a non AAS aggressor system, impact co-existence KPIs such as mean and 5th percentile throughput losses in the context of the co-existence simulation framework of xx.941.

Co-existence characteristics were studied in a macro scenario in which cell specific beamforming was performed. This scenario is directly comparable with the simulations performed when deriving the existing ACLR and ACS requirements as outline in 36.941. 

Cell specific beamforming creates static patterns of interference that differ between AAS and non AAS. Other types of beamforming, such as user specific beamforming create patterns which are time varying and are composed of intermodulations between multiple beams. Cell specific beamforming thus represents a worst case spatial interference behaviour, since its radiated pattern is not averaged across multiple beams or in time.

In addition, an uplink simulation was performed with the objective of establishing blocking levels that are likely to be encountered by an AAS victim system within the context of the xx.941 framework. The blocking simulations were performed using the same system scenario as that used to derive the existing LTE blocking requirements.
5.2
Simulation scenarios

5.2.1
Vertical / horizontal cell splitting applications

Based on AAS BS using vertical / horizontal cell splitting applications, the E-UTRA Macro to E-UTRA Macro coexistence scenario is identified for the purpose of studying the spatial characteristics of AAS BS. Simulation cases for both downlink and uplink were made and shown in Table 5.2.1-1 and Table 5.2.1-2 are applied for evaluating ACLR and in-band blocking for AAS BS.
Table 5.2.1-1 Simulation cases for ACLR

	Case
	Aggressor
	Victim
	Simulated link
	Statistics
	Target RF requirement

	1a_1
	AAS E-UTRA  Macro system: Horizontal cell splitting;
	Legacy E-UTRA Macro system: no cell splitting;
	Downlink
	Throughput loss;
	ACLR

	1a_2
	AAS E-UTRA Macro system : Vertical cell splitting;
	Legacy E-UTRA Macro system: no cell splitting;
	Downlink
	Throughput loss; 
	ACLR

	1b_1
	AAS E-UTRA Macro system: Horizontal cell splitting;
	AAS E-UTRA Macro system: Horizontal cell splitting;
	Downlink
	Throughput loss; 
	ACLR

	1b_2
	AAS E-UTRA Macro system : Vertical cell splitting;
	AAS E-UTRA Macro system: Vertical cell splitting;
	Downlink
	Throughput loss; 
	ACLR

	1c(Baseline)
	Legacy

E-UTRA Macro system
	Legacy

E-UTRA Macro system
	Downlink
	Throughput loss; 
	ACLR


Table 5.2.1-2 Simulation cases for in-band blocking

	Case 
	Aggressor 
	Victim 
	Simulated link 
	Statistics
	Target RF requirement

	2a 
	Legacy E-UTRA Macro system: 
	AAS E-UTRA Macro system:Horizontal cell splitting
	Uplink 
	Interferer levels at victim BS
	In-band blocking

	2b(Baseline) 
	Legacy

E-UTRA Macro system
	Legacy

E-UTRA Macro system
	Uplink 
	Interferer levels at victim BS 
	In-band blocking


5.2.2
UE specific beam forming application

To check the co-exist system performance of AAS using UE beam forming, simulation cases for downlink were made and shown in Table 5.2.2-1 are applied for evaluating ACLR for AAS BS.
Table 5.2.2-1 Simulation cases for ACLR 
	Case
	Aggressor
	Victim
	Simulated link
	Statistics
	Target RF requirement

	3a
	AAS E-UTRA  Macro system: UE beam forming;
	AAS E-UTRA  Macro system: UE beam forming;
	Downlink
	Throughput loss;
	ACLR

	3b
	AAS E-UTRA  Macro system: UE beam forming;
	Legacy

E-UTRA Macro system
	Downlink
	Throughput loss; 
	ACLR

	3c
	Legacy

E-UTRA Macro system
	AAS E-UTRA  Macro system: UE beam forming;
	Downlink
	Throughput loss; 
	ACLR

	3d(Baseline)
	Legacy

E-UTRA Macro system
	Legacy

E-UTRA Macro system
	Downlink
	Throughput loss; 
	ACLR


5.3
Simulation assumptions

5.3.1
Vertical / horizontal cell splitting simulation assumptions

Most of general simulation assumptions are given in Table 5.3.1-1.
Table 5.3.1-1 Deployment parameters

	Simulation Parameters
	Values

	Cellular layout
	Hexagonal, 3 sectors/site (19 sites wrap-around), uncoordinated

	UE distribution
	Average 10 UEs per cell. UEs on flat ground

	Carrier frequency
	2GHz

	System bandwidth
	10MHz

	Inter Site Distance (ISD)
	750m

	Minimum distance UE<->BS
	35m

	Log normal shadowing
	Standard Deviation of 10 dB

	Shadow correlation coefficient
	0.5 (inter site) / 1.0 (intra site)

	Scheduling algorithm
	Round Robin, Full buffer

	RB number per active UEs
	UL: 16RBs (total: 48 RBs)

DL: 50RB for cell split scenarios

	Number of active UEs
	UL: 3 UEs per cell

DL: 1 UE per cell

	UE max Tx power
	23 dBm

	UE min Tx power
	- 40 dBm

	Active array loss
	1 dB

	Losses of legacy system
	2 dB

	Legacy BS max Tx power
	46dBm

	AAS BS max Tx power
	46dBm 

	Power control parameters
	(TR36.942 V10.3.0 Section 12.1.4)

PC Set 1 (alpha=1; P0=-101dBm)

PC Set 2 (alpha=0.8; P0=-92.2dBm)

	Antenna configuration at UE
	Omni-directional

	The height of BS
	30 m

	The height of UE
	1.5 m

	Antenna array configuration

（Row×Column）
	10×1 for vertical cell splitting/10×4 for horizontal cell splitting

	ACS of LTE UE
	33 dB

	Output statistics (Blocking levels)
	CDF of the received interference power in dBm from an aggressor system

	Performance evaluation
	Throughput loss criteria, as derived from the truncated Shannon bound approach of 3GPP TR36.942. 


5.3.2
UE specific beam forming simulation assumptions

In order to derive the interference pattern of ACLR, the following element pattern, array factor and signals are used: 
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And the interference pattern of ACLR is derived according to:
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Similar assumption as table 5.4.3.1-1 in TR 37.840 was made for UE beam forming scenarios. The main difference is the UE dropped in each cell and the antenna array configuration. A 10x4 antenna array was employed to generate beams point directly at each UE dropped in cell. Four UEs are actived in each cell.

Table 5.3.2-1 Simulation assumptions for UE specific beam forming

	Parameters
	Values

	Cellular layout
	Hexagonal, 3 sectors/cell (19 cell wrap-around), uncoordinated

	UE distribution
	Average 10 UEs per sector.

	Carrier frequency
	2GHz

	System bandwidth
	10MHz

	Inter Site Distance (ISD)
	750m

	Minimum distance UE<->BS
	35m

	Log normal shadowing
	Standard Deviation of 10 dB

	Shadow correlation coefficient
	0.5 (inter site) / 1.0 (intra site)

	Scheduling algorithm
	Round Robin, Full buffer

	RB number per active UEs
	DL: 12RBs

	Number of active UEs
	DL: 4UEs

	UE max Tx power
	23 dBm

	UE min Tx power
	- 40 dBm

	Active array loss
	1 dB

	Losses of legacy system
	2 dB

	Legacy BS max Tx power
	46dBm

	AAS BS max Tx power
	46dBm 

	Antenna configuration at UE
	Omni-directional

	The height of BS
	30 m

	The height of UE
	1.5 m

	Antenna array configuration (Row×Column)
	10×4

	ACS of LTE UE
	33 dB

	Performance evaluation
	Throughput loss criteria, as derived from the truncated Shannon bound approach of 3GPP TR36.942. 


5.3.3
Antenna array model

The AAS antenna array model is determined by array element pattern, array factor and signals applied to the system. The element pattern and composite antenna pattern are in the following section.

5.3.3.1
Element pattern

Table 5.3.3.3-1 Element pattern for antenna array model

	Horizontal Radiation Pattern
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	Horizontal 3dB bandwidth of single element / deg
	For single column antenna: 65º

For multi-column antenna:  80º

	Front-to-back ratio
	Am = 30dB

	Vertical Pattern  method
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	Vertical 3dB bandwidth of single element / deg
	65º

	Element Pattern
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	Element Gain without antenna losses
	For single column antenna: GE,max= 9 dBi

For multi-column antenna: GE,max= 7.5 dBi*

	Note: *GE,max is obtained from TR37.840 Table 5.4.4.2.1-1.


5.3.3.2
Composite antenna pattern

UE specific beam forming

Table 5.3.3.2-1 Composite antenna pattern for UE specific beam forming

	Configuration
	Multiple columns (NVxNH elements)

	Composite Array radiation pattern in dB 
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	For beam i:
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the super position vector is given by:
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the weighting is given by:
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	Antenna array configuration (Row×Column)
	10×4

	Horizontal radiating element spacing d/
	0.5

	Vertical radiating element spacing d/
	0.9

	Down-tilt angle (deg)
	0 degrees

	Power split. Beam i
	-6dB


Vertical cell partitioning

Table 5.3.3.2-2 Composite antenna pattern for AAS BS applying vertical cell partitioning

	Configuration
	Single column (N-elements)

	Composite Array radiation pattern in dBi 
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	For inner cell:
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For outer cell:
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the super position vector is given by:
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the weighting is given by:
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	Antenna array configuration (Row×Column)
	10×1

	Vertical radiating element spacing d/
	0.9

	Power in outer/inner cell
	-3dB/-3dB

	Down-tilt angles for vertical cell splitting
	9/15 degrees


Horizontal cell splitting
Table 5.3.3.2-3 Composite antenna pattern for AAS BS applying vertical cell partitioning

	Configuration
	Multiple columns (NVxNH elements)

	Composite Array radiation pattern in dBi 
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	For Cell 1:
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For Cell 2:
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the super position vector is given by:
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the weighting is given by:
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 EMBED Equation.3 [image: image25.wmf](
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	Antenna array configuration (Row×Column)
	10×4

	Horizontal radiating element spacing d/
	0.5

	Vertical radiating element spacing d/
	0.9

	Down-tilt angle (deg)
	9 degrees

	horizontal electrical steering for cell splitting
	±25 degrees

	Power split. Cell1/Cell2
	-3dB/-3dB


5.3.4
Propagation Model

The minimum BS to UE distance in Macro cell scenario is set to 35 meter in the system simulation with reference to a 70dB Minimum Coupling Loss (MCL) in the worst case where the BS antenna gain (both array gain and element gain) and UE antenna gain is assumed to be zero. This is also aligned with the parameters suggested in section 4.1.1.2 in TR25.942[x]. The calculated free space path loss is about 67dB based on 35 meter minimum distance separation. The MCL would be around 70dB if 2dB cable loss and 1dB body loss is considered. Considering that the cable loss for AAS BS would be smaller than 2dB, the simulation results would imply a little bit tighter requirements. Nevertheless, MCL is a statistical parameter in nature and the minimum BS to UE distance separation calculated deterministically using the free space path loss model doesn’t mandate the minimum BS to UE distance separation as a deployment condition for AAS BS.

The path loss model is defined as below
Path_Loss = max {L(R), Free_Space_Loss}+ shadowfading
where the free space loss is defined as
Free_Space_Loss = 98.46 +20.log10(R)  (R in kilometre)
and L(R) is defined as below
L(R) = 128.1 + 37.6.Log10(R) (dB)

The shadow fading is modelled as a log-normal distribution.
Then the final coupling loss model is defined as below:
Coupling_Loss_macro= max {Path_Loss, Free_Space_Loss} – G_Tx – G_Rx
where G_Tx is the transmitter antenna gain and the G_Rx is the receiver antenna gain.
5.4
Simulation conclusions
In all of the cell and user specific scenarios that were modelled, the spatial pattern of an AAS aggressor system did not increase the mean or 5th percentile throughput loss in the victim system beyond what is experienced with a passive system. Therefore it is concluded that the existence of a different spatial distribution of adjacent channel interference that arises from an AAS base station compared to non AAS does not necessitate any additional type of requirement. Furthermore, the simulations indicated that the existing ACLR requirement of 45dB can be applied per transceiver, or across all transceivers for an AAS base station.


6
AAS BS classifications
< Texts to be added >
6.1
Minimum coupling loss

AAS BS is classified according to the deployment scenarios defined in subclause 5.2.1 in TR37.840, and those scenarios are the same as for non-AAS BS. One of the key parameters that characterise each of the deployment scenarios is the Minimum Coupling Loss (MCL) between BS and UE, which includes the path loss and the antenna gains of both UE and BS. 


6.2
BS classifications

Wide Area AAS Base Stations are characterised by requirements derived from Macro Cell scenarios with a BS to UE minimum coupling loss equal to [70] dB.  

Medium Range AAS Base Stations are characterised by requirements derived from Micro Cell scenarios with a BS to UE minimum coupling loss equals to [53] dB. 

Local Area AAS Base Stations are characterised by requirements derived from Pico Cell scenarios with a BS to UE minimum coupling loss equal to [45] dB. 
AAS BS classes characterised by other antenna characteristics and/or deployment scenarios are not precluded and could be considered for future study if necessary.
NOTE:
In selecting these minimum coupling losses, it has been assumed that the antenna aperture for AAS BS is roughly similar to that for non-AAS BS so that the methodologies for setting minimum BS to UE distance separation in TR36.942 and TR25.942 can be reused.


7
Radiated requirements
<Texts to be added>

7.1
Radiated transmit power requirements
<Texts to be added>

7.1.1
Beam definitions
<Texts to be added>

7.1.2
Accuracy requirements

<This section captures the texts on accuracy requirements and the relations to requirements on measurement uncertainty. The requirements on measurement uncertainty will be covered in Section 9 under the corresponding sub-sections>

7.1.3
The requirements

<Texts to be added that can be transformed as texts in specification>

7.2
Uplink radiated requirements
<Texts to be added on related aspects on uplink radiated requirement>

8
Conducted requirements
<This section specifies how to adapt the existing requirements at transceiver array boundary by scaling the existing requirements>
8.1
Transmitter
<Texts to be added. Sub-sections may be broken down into individual requirement level>

8.2
Receiver
<Texts to be added>

9
Manufacturer declarations

<Texts to be added, on what parameters to be declared>
10
Conformance testing aspects

<Texts to be added>
11
Other requirements

<Texts to be added>
11.1
EMC

<Texts to be added>

11.2
Demodulation performance requirements

<Texts to be added>

Annex A:
Simulation results

The simulation results for ACLR and in-band blocking from different companies have been captured based on the simulation scenarios and assumptions described in Section 5.
A.1
Results of cell splitting applications
A.1.1
Case 1a-1: AAS (horizontal cell splitting) interferes legacy system for cell splitting
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A.1.2
Case 1a-2: AAS (vertical cell splitting) interferes legacy system for cell splitting
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A.1.3
Case 1b-1: AAS (horizontal cell splitting) interferes AAS (horizontal cell splitting) for cell splitting
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A.1.4
Case 1b-2: AAS (vertical cell splitting) interferes AAS (vertical cell splitting) for cell splitting
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A.1.5
Case 1c: legacy system interferes legacy system for cell splitting
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A.1.6
Case 2a and 2b: AAS receiver blocking simulation results for cell splitting
	ZTE (R4-140032)
	PC1
	PC2

	
	Mechanical downtilt
	Electrical downtilt
	Mechanical downtilt
	Electrical downtilt

	case 2a
	n/a
	-44.36
	n/a
	-48.24

	case 2b
	n/a
	-45.91
	n/a
	-55.68

	
	
	
	
	

	Huawei (R4-133716)
	PC1
	PC2

	
	Mechanical downtilt
	Electrical downtilt
	Mechanical downtilt
	Electrical downtilt

	Case 2a
	-45.9
	-46.49
	-56.38
	-53.52

	Case 2b
	-49.08
	-46.6
	-55.89
	-59.15

	
	
	
	
	

	NSN (R4-134061)
	PC1
	PC2

	
	Mechanical downtilt
	Electrical downtilt
	Mechanical downtilt
	Electrical downtilt

	Case 2a
	n/a
	-48.14
	n/a
	-57.56

	Case 2b
	n/a
	-47.41
	n/a
	-57.58

	
	
	
	
	

	NEC (R4-135515)
	PC set 1
	PC set 2

	
	Mechanical downtilt
	Electrical downtilt
	Mechanical downtilt
	Electrical downtilt

	2a
	-47
	-46.92
	-58.7
	-54.43

	2b (Baseline)
	-47.45
	-47
	-60.76
	-57.33



Annex B (Informative):
Change history

	Change history

	Date
	TSG #
	TSG Doc.
	CR
	Rev
	Subject/Comment
	Old
	New

	2014-02
	RAN4#70
	R4-140240
	
	
	Skeleton
	N/A
	0.0.1

	2014-03
	RAN4#70bis
	R4-14xxxx
	
	
	Approved text proposals in the following documents were implemented:
R4-140031

R4-140242

R4-140259

R4-141191

R4-141192
	0.0.1
	0.1

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	





Radio 


Distribution 


Network 


(RDN)





Transceiver Unit Array 





Transceiver Unit #1 








  #1





TXU/RXU #2





  #2





TXU/RXU #K





 #K





  #1





  #2





 #L





Radio Distribution Network 





Array Elements 





...





...





...





Antenna Array 





Transceiver Array Boundary








_1437495441.unknown

_1438777800.unknown

_1445843043.unknown

_1452148827.unknown

_1438777982.unknown

_1437495443.unknown

_1437822046.unknown

_1437822097.unknown

_1437822343.unknown

_1437822094.unknown

_1437822025.unknown

_1437495442.unknown

_1434970615.unknown

_1437494228.unknown

_1437495440.unknown

_1437494226.unknown

_1435993637.unknown

_1425906351.unknown

_1425906356.unknown

_1415553519.unknown

