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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

Seven TDD UL/DL configurations have been supported in LTE TDD since Rel-8 to address different DL and UL traffic ratios. The most DL heavy TDD UL/DL configuration in current LTE TDD is configuration 5, where 8 DL subframes and one DwPTS in a special subframe within a radio frame (i.e. 10 subframes) can be used for DL transmission. There has been a proposal to introduce additional configuration into LTE TDD, aiming to provide even more resources for DL transmission.
There has not been any consensus on whether additional TDD configuration shall be introduced for LTE TDD. To gain a better understanding on the issues related to the potential introduction of additional configuration for LTE TDD, this study item is proposed. This study item shall not provide any recommendation on any follow-up normative work. Upon completion of this study item, the follow-up actions shall be discussed on the PCG level.
1
Scope

The objective of the study is to evaluate issues related to the potential introduction of the following additional configuration(s) for LTE TDD; 10:0:0 and 9:1:0 (DL:Sp:UL). This includes:

· Identify the scenario(s), frequency band(s), and use cases(s) of the possible additional TDD configuration(s)

· Coexistence with adjacent standalone LTE TDD operations in the same band
· To be compared with the coexistence between intra-band adjacent LTE TDD operations using different UL/DL configurations

· Evaluation of the potential benefits and drawbacks of the additional TDD configuration(s) and possible solutions to mitigate the potential drawbacks
· Any other relevant ecosystem aspect(s)
· Compare the option of using 10:0:0 and/or 9:1:0 TDD configuration for a TDD spectrum against the alternative of converting the TDD spectrum to FDD supplemental DL spectrum
Note: the study shall not provide any recommendation on next steps / future normative work
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-142248, “Study on possible additional configuration for LTE TDD”, CATT, CATR, NTT DOCOMO
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 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
Deployment scenarios of possible additional TDD configuration(s)
4.1
Scenario(s)
<Editor: This section summarizes the intended deployment scenario(s) for the possible additional TDD configurations.>
The following scenarios are of interests for operators who want to deploy additional TDD configuration(s). In all of the following cases, the SCell is operating the additional TDD configuration(s), and the PCell is operating FDD or TDD using the existing TDD configuration(s).
· Scenario 1a: Operator deploys macro cell operating as PCell on carrier frequency f0 and macro cell operating as SCell on carrier frequency f1 (co-located), e.g. CA scenario 2 or 3 in TS36.300 v12.4.0. The macro cell on f1 uses the additional TDD configuration(s). Both of the two carriers can be aggregated by UE. 
· Scenario 1b: Operator deploys macro cell operating as PCell on carrier frequency f0 and macro cell as SCell on carrier frequency f1 (non-collocated). Both of the two carriers can be aggregated by UE.
· Scenario 2: Operator deploys macro cell operating as PCell on carrier frequency f0 and small cell operating as SCell on carrier frequency f1 (non-co-located), e.g., CA scenario 4 in TS36.300 v12.4.0. Both of the two carriers can be aggregated by UE. 

· Scenario 3: Operator deploys small cell operating as PCell on carrier frequency f0 and small cell as Scell on carrier frequency f1 (co-located). Both of the two carriers can be aggregated by UE.
Based on the current specifications, inter-band carrier aggregation would be a pre-requisite for a UE to receive data on the SCell operating the additional TDD configuration(s).
4.2
Frequency band(s)
<Editor: This section summarizes the intended frequency band(s) for the possible additional TDD configurations.>
4.3
Use case(s)

<Editor: This section summarizes the intended use case(s) for the possible additional TDD configurations.>
5
Coexistence study with adjacent standalone TDD operations
<Editor: This section lists the selected scenarios for coexistence study on intra-band adjacent LTE TDD operations using different UL/DL configurations, and contains the coexistence study.>
5.1
Scenarios

The following scenarios are selected to evaluate coexistence on intra-band adjacent LTE TDD operations using different TDD UL/DL configurations.
a. Scenarios:

i. Scenario 1: 

1. Operator_A: small cell (outdoor pico)
a. Carrier frequency: 2.7GHz
b. Channel bandwidth: 10MHz
c. Duplex mode: New TDD UL/DL configuration (10:0:0)
2. Operator_B: Macro cell

a. Carrier frequency: 2.7GHz
b. Channel bandwidth: 10MHz
c. Duplex mode: TDD UL/DL configuration 2 with special configuration 4
ii. Scenario 2: 

1. Operator_A: Macro cell
a. Carrier frequency: 2.7GHz
b. Channel bandwidth: 10MHz
c. Duplex mode: New TDD UL/DL configuration (10:0:0)
2. Operator_B: Macro cell

a. Carrier frequency: 2.7GHz
b. Channel bandwidth: 10MHz

c. Duplex mode: TDD UL/DL configuration 2 with special configuration 4

b. Evaluation methodology: Deterministic and Monte Carlo simulation to evaluate impact to both Operator_A and Operator_B performance for both scenarios.
c. Traffic model: Full buffer traffic
5.2
Inter-operator coexistence aspects

Co-existence issues between operators on adjacent carriers in the same geographical area are not expected at least for the following cases. 

· All operators on adjacent carriers use the same TDD UL-DL configurations and the radio frame and subframe are time synchronized between the operators.

· All operators on adjacent carriers only use the downlink subframes and/or DwPTS, regardless of whether or not the radio frame and subframe are synchronized among the operators. Under this assumption, the following options for the TDD UL-DL configuration are considered for the operators:

· 10:0:0 TDD UL-DL configuration 

· Existing TDD UL-DL configuration or 9:1:0 TDD UL-DL configuration without any uplink transmissionGuard band is used between adjacent carriers of different operators.

Note: usage of guard band is detrimental to spectrum efficiency.  
6
Evaluation of possible additional TDD configuration(s)
<Editor: This section contains the evaluation of the additional TDD configuration(s) using the scenarios selected for the coexistence study in Section 5; Potential benefits, drawbacks, and mitigation of these drawbacks are described.>

5.1
Scenarios

Performance Evaluation Set 1

The purpose for this performance study is to evaluate throughput gain from using the possible new LTE TDD configurations (10:0:0 and 9:1:0) in a scenario where no adjacent channel interference is present (e.g. operators sharing the same frequency band use same TDD UL/DL configuration).

a. Scenario:
i. Deployment scenario: SCE scenario 2a (from TR36.872)

ii. Throughput measurement: Downlink packet throughput
iii. PCell:

1. Carrier frequency: 2.0GHz
2. Channel bandwidth: 10MHz

3. Duplex mode: FDD

iv. SCell:

1. Carrier frequency: 3.5GHz

2. Channel bandwidth: 10MHz

3. Case 1: TDD UL/DL configuration #5 (8:1:1) with special configuration 4 as baseline performance

4. Case 2: New TDD UL/DL configuration (10:0:0)

b. Traffic model: High traffic load case (FTP traffic model)

c. Channel reciprocity and channel sounding error modelling are not applicable to Case 2.
d. Ratio of CA and non-CA capable UEs: 1:1 and 1:0

e. Performance metric:

i. 5%, 50% and 95%-tile of packet throughput (aggregated between PCell and SCell)

Note that, the performance gains from using the possible new TDD configurations 10:0:0 and 9:1:0 are expected to be similar.

Performance Evaluation Set 2

The following scenarios are selected to evaluate throughput impact from using the possible new LTE TDD configurations (10:0:0 and 9:1:0) in a scenario with intra-band adjacent LTE TDD operations using different TDD UL/DL configurations.
a. Scenarios:

i. Scenario 1: 

1. Operator_A: SCell: small cell (outdoor pico) (PCell is a standalone cell on another frequency band)
a. Carrier frequency: 2.7GHz
b. Channel bandwidth: 10MHz
c. Duplex mode: 

i. Case 1: TDD UL/DL configuration 2 with special configuration 4

ii. Case 2: TDD UL/DL configuration 5 with special configuration 4

iii. Case 3: New TDD UL/DL configurations (10:0:0)

2. Operator_B: Standalone Macro cell

a. Carrier frequency: 2.7GHz
b. Channel bandwidth: 10MHz
c. Duplex mode: TDD UL/DL configuration 2 with special configuration 4
ii. Scenario 2: 

1. Operator_A: SCell: Macro cell (PCell is a standalone cell on another frequency band)
a. Carrier frequency: 2.7GHz
b. Channel bandwidth: 10MHz
c. Duplex mode: 

i. Case 1: TDD UL/DL configuration 2 with special configuration 4

ii. Case 2: TDD UL/DL configuration 5 with special configuration 4

iii. Case 3: New TDD UL/DL configurations (10:0:0)

2. Operator_B: Standalone Macro cell

a. Carrier frequency: 2.7GHz
b. Channel bandwidth: 10MHz
c. Duplex mode: TDD UL/DL configuration 2 with special configuration 4

b. Evaluation methodology: System level simulation to evaluate the performance of Operator_A (in DL only) and Operator_B (in UL only) for both scenarios.

c. Traffic model: Non-full buffer model (High traffic load)

d. PCell is not modelled in the simulations.
Note that, the performance impact from using the possible new TDD configurations 10:0:0 and 9:1:0 is expected to be similar.

6.2
Intra-operator synchronization aspects

For an operator deploying network on a carrier within a given TDD band, the base-stations of the carrier do not need to be time synchronized if the operator only uses the downlink subframes and DwPTS for downlinktraffic on the carrier, i.e., uplink transmission does not occur, [and if no legacy UEs are present]. If time synchronisation within a single operator is not achieved, the benefits of advanced feature such as (F)eICIC, NAICS, MBSFN, small cell on/off with discovery cannot be achieved.
7
Ecosystem aspects
<Editor: This section contains ecosystem aspects pertaining to the additional TDD configuration.>
8
Methods on utilizing unused TDD spectrum
<Editor: This section compares the methods to utilize unused TDD spectrum, including at least the option of using 10:0:0 and/or 9:1:0 TDD configuration and the option of converting the TDD spectrum to FDD supplemental DL spectrum.>
9
Summary

<Editor: This section summarizes the TR >
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