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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

Currently, 3GPP has defined only Power Class UE 3 as the type of UE supported for TDD LTE band 41 operations. This definition was based on aligning TDD LTE Band 41 UE power classes with prior work in 3GPP related to other bands. However, it should be mentioned that 3GPP UE Power Class 3 definition (i.e. 23dBm) was mainly driven to ensure backward compatibility with prior technologies (i.e. GSM/UMTS) [2] so that network deployment topologies remain similar. Furthermore, maintaining the same power class UE definition (i.e. Class 3) as previous technologies would maintaining compliance with various national regulatory rulings, particularly in terms of SAR, for FDD LTE duplexing mode. 

However, TDD LTE band 41 does not have any 3GPP legacy technologies associated with it, hence the backward compatibility consideration is not applicable in its case. Also, since band 41 is defined as a TDD LTE band, it is less susceptible to SAR levels that FDD LTE bands due to SAR definition. Therefore, defining a new UE power class with higher than 23dBm Tx power for TDD LTE Band 41 operations would not compromise any of 3GPP foundational work, while improving UE and network performance. It should also be mentioned that 3GPP has done similar work on other bands (i.e. band 14) when defining a higher power class UE, hence the concept presented in this document is a continuation of that process.
This study item document carries out a feasibility analysis for defining a UE Power class 2 (i.e. 26dBm) for operation on TDD LTE band 41. The document analyses current and future technological advancements in the area of UE RF front-end components and architectures that enable such definition while maintaining 3GPP specification and other regulatory bodies’ requirements. It should be emphasized that this proposal only relates to single carrier UL operations on TDD band 41 (i.e. TM-1/2 modes) without affecting current 3GPP definition for UL carrier aggregation on band 41.

1
Scope

The scope of this study item is to evaluate the feasibility of increasing UL TX power in Band 41 from 23dBm +/-2dB (Power Class 3) to 26dBm +/-2dB (Power Class 2) as well as discuss impacts (if any) to other 3GPP bands and regulatory requirements.

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]
R4-060470 LTE UE power class
3
Definitions, symbols and abbreviations
3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP 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 3GPP 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 3GPP 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 3GPP TR 21.905 [1].

Abbreviation format (EW)

<ACRONYM>
<Explanation>

4
Background
4.1
Justification

4G LTE is in general an UL constrained technology mainly due to differences on Tx powers between DL and UL, number of antennas deployed in eNB versus UEs, and other technological aspects of the technology. To that end, 

TDD LTE Band 41 coverage is UL limited as indicated in TR 36.824.  Link budget analysis indicates a delta of up to ~5dB between DL and UL, depending on network deployment parameters. Therefore, , increasing UL Tx power on UE side would reduce the link budget differences between DL and UL, hence increasing TDD LTE band 41 coverage, which results in significant network deployment savings. RF simulation tool evaluation shows up to ~30% increase in TDD LTE Band 41 coverage area from 3dB increase in UL Tx power. Therefore, it is important/critical to pursue means to improve UL transmit power. 

This study analyses such enabling technologies to meet the Band 41 power increase needs as well as any performance impacts to other 3GPP bands and regulatory requirements.

4.2 
Objective

· The study is limited to evaluating  the transmission and reception impact and values for single carrier UL operation for Band 41 E-UTRA UE Power Class 2 (+26 dBm) 

· Assess Band 41 HPUE impact on the performance of licensed bands other than band 41. 
· The study item needs to take into account the co-existence and compatibility of LTE systems deployed in the 2.5 GHz band. e.g. ACLR/ OOBE
· Assess Band 41 power class 2 potential impacts to TDD/FDD carrier aggregation band combinations

· Study the impact and potential values for  the Core RF requirements for RAN4 E-UTRA specifications for TDD Band 41

· Study to maintain the same co-existence impact as Band 41 power class 3 in terms of throughput/OOB emissions from the B41 HPUE to adjacent band through tighter requirements for the HPUE where applicable

· Study the use of new power amplifier models to minimize the impact to AMPR and with minimal impact to battery life.

· Study impact on eNode B blocking requirements

5
Deployment and Coexistence Studies
5.1 
General

5.2
Band 41

5.3
Band 7

5.4 
Band 38

5.5
WiFi
5.5
Regulatory Requirements

5.5.1
MS Transmitt Power

5.5.2
UE Emission Limits

5.6
Co-existence and compatibility of LTE systems deployed in the 2.5 GHz band

5.6.1 
Simulation assumptions
5.6.1.1
Macro cell Propagation model

5.6.1.2
Power Control Modelling

5.6.1.3 
Cell Layout

5.6.1.4
Other Simulation Assumptions

5.6.1.5
Simulation Procedure

5.6.2
Simulation Results

5.7 Additional Coexistence Scenarios

6
B41 HPUE transmitter characteristics 
[Editor’s note:  The following clause numbers align with TS36.101 v12.7.0]
6.1
General

6.2
Transmit power

6.2.1
Void

6.2.2
UE maximum output power
6.2.3
UE maximum output power for modulation / channel bandwidth 
6.2.4
UE maximum output power with additional requirements 

6.2.5
Configured transmitted power

6.3
Output power dynamics

6.3.1
(Void)

6.3.2
Minimum output power

6.3.3
Transmit OFF power

6.3.4
ON/OFF time mask

6.3.5
Power control

6.4
Void

6.5

Transmit signal quality

6.5.1
Frequency error

6.5.2
Transmit modulation quality

6.6
Output RF spectrum emissions

6.6.1
Occupied bandwidth

6.6.2
Out of band emission

6.6.2.1
Spectrum emission mask

6.6.2.2
Additional spectrum emission mask 

6.6.2.2.2
Minimum requirement (network signalled value "NS_04")
6.6.2.3
Adjacent Channel Leakage Ratio 

6.6.2.3.1
Minimum requirement E-UTRA

6.6.2.3.2
Minimum requirements UTRA 

6.6.3
Spurious emissions

6.6.3.1
Minimum requirements

6.6.3.2
Spurious emission band UE co-existence

This clause specifies the requirements for the specified E-UTRA band, for coexistence with protected bands. 

6.7
Transmit intermodulation

7

B41 HPUE receiver characteristics 

[Editor’s note:  The following clause numbers align with TS36.101 v12.7.0]

7.1
General

7.2
Diversity characteristics

7.3
Reference sensitivity power level

7.4
Maximum input level

7.5
Adjacent Channel Selectivity (ACS)

7.6
Blocking characteristics

7.6.1

In-band blocking

7.6.2

Out-of-band blocking

7.6.3
Narrow band blocking

7.7
Spurious response

7.8
Intermodulation characteristics

7.8.1
Wide band intermodulation

7.9
Spurious emissions

7.10
Receiver image

8

Other specification impacts (if applicable)

8.1
Impacts on RAN1 specifications

8.2.1
Signalling of the maximum output power of the UE

8.2.2
Power Headroom reporting
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