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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

At the 3GPP TSG RAN#75 meeting, the Study Item Description on "Study on UL data compression in LTE" has been approved RP-162541 [2]. This study item covers evaluation of the data compression schemes to improve uplink capacity in E-UTRA.

1
Scope

The present document is related to the study item "Study on UL data compression in LTE" [2]. This Technical Report constitutes performance evaluation of potential data compression schemes to support increased uplink capacity for E-UTRA.

This document captures descriptions related to the evaluation methodology used and technical outcomes of the study and analysis of potential UL data compression solutions and draws a conclusion on the way forward.

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 TSG-RAN RP-162541: "New SI proposal: Study on UL data compression in LTE", RAN#74, June.2016.

3
Definitions 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].
(none).
3.2
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].

UDC
Uplink Data Compression
4
Requirements on UL data compression
The shortage of uplink resource becomes a concern in the network due to the following factors:

-
More and more mobile internet users are becoming content producers. 
-
Increasing of downlink traffic when using CA leads to more uplink traffic. However UE operates with few uplink carriers, typically only one.  This is to satisfy requirements on UE battery consumption and reduce UE complexity. 

-
Sidelink transmission introduced in D2D consumes uplink resources. This results in reduction of available uplink resources for D2N transmission. 

-
Typical UL/DL configuration in TD-LTE network is configuration 2, i.e. 3DL: 1UL. It is quite often that uplink becomes bottleneck in case of, e.g. file uploading. 
Thus uplink capacity improvement is becoming an urgent requirement to address the increase amount of UL traffic in the network.  Another concern on uplink is transmission vulnerability to poor radio condition.
-
As the number of LTE subscribers increases, the uplink interference level reaches 5~10 dB in a typical network, making uplink transportation in poor radio condition difficult.

-
Due to power limitation, RLC segmentation is a common way to extend uplink coverage. However, it is not a preferred solution in some cases, e.g. VoLTE call setup where long call setup latency is an issue.

-
Size of SIP message used in VoLTE call setup is about 2KB. When UE is in poor radio condition (e.g. RSRP < -120dBm) and/or high interference (e.g. uplink IoT = 10dB), it has been observed in practical network that a SIP message is segmented into 200 RLC pieces, thus average call setup time and call drop rate are increased. Therefore a large SIP message size becomes a problem.

A RAN level solution should be considered to resolve these problems. Although the data could be compressed at application layer, in practical network, most of applications do not compress data. Moreover, operator would not require all applications to support this function. A RAN level solution allows for the operator to control the UL compression as per need for selected traffic.

5
Use cases and traffic characteristics

5.1
Use cases

Use case 1 and case 2 below are evaluated in UDC with high priority while use case 3 may also be considered possibly with low priority. 

Case1 (Non-encrypted traffic): The application data which are not encrypted at application layer, e.g. web surfing, text uploading, online video and text over instant messaging etc.

Case 2 (VoLTE SIP signalling): SIP signalling for VoLTE, which is neither compressed nor encrypted, e.g. INVITE, PRACK etc.

Case 3 (HTTPS traffic w/o RoHC): Packet header could be compressed if ROHC is not used even the application data is encrypted, e.g. the TCP/IP header can be compressed by UDC.


5.2
Traffic characteristics
Editor Note: in this section, traffic characteristics of the data for these use cases in 5.1 can be described here. 
6
Evaluation Methodology

In order to provide the necessary degree of commonality and comparability between different UL data compression solutions results, an evaluation framework has been established encompassing evaluation guidelines, simulation assumptions and performance metrics. 

6.1
Evaluation Guidelines

-
Input traffic profile

For fair comparison of different UDC solutions, the solutions are to be evaluated using a common traffic profile.  Traffic traces where data traffic captured from live systems are expected to be used in the evaluation. Traffic generated based on synthetic models or statistical models are not used. The data file format is “.pcap” which only includes UL traffic. 

-
Evaluation model

the aim of the simulation is to evaluate the compression algorithms in terms of compression efficiency, impacts to the existing protocol and specification efforts. Thus detail chann;e model and radio channel simulation are not seen essential for the evaluation of compression algorithms. To emulate the unreliability of radio channel and data loss if considered necessary, a suitable simplified radio channel based on packet loss rate and random packet discard to be used.

A simplified evaluation model without packet loss rate is considered while scenarios with packet loss rate to be considered with low priority.

-
Protocol unit

UL data compression algorithm is considered to be located in PDCP layer in the evaluation


6.2
Simulation Assumptions
-
UDC aims to design a compression solution for the UL user plane data received from higher layer, e.g. http data, SIP signalling, TCP ACK for DL traffic, etc. Therefore, we can focus on User Plane data only in simulation of different UDC solutions. 

-
The amount of buffered data which are used in compressing current packet could have an effect on the achieved compression ratio. For the simulation and comparison of different solutions 8K and 32K buffer size are considered, and 64K can be optionally selected.

-
RLC-AM is considered in UDC evaluation.

-
UL data compression is applied for both header and payload in evaluation of different solutions.


6.3
Performance Metrics
The aim of UDC study is to identify compression algorithms and/or compressed data formats which could be used in RAN to fulfil the objectives of UDC (e.g. controllability of UDC on service basis by operator). The following Figure illustrates a block diagram of UDC operation. The UDC entity processes the input data and generates the output compressed data.


[image: image3.emf]Input data
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Compression efficiency as per the following formulation is considered for performance metric in evaluation of different UL data compression solutions.
Compression efficiency = 1 – (output data size / input data size)

Increase complexity of compression algorithm degrades usefulness of UDC even if the resulted compression efficiency is significant. Additionally, required memory for compression/ decompression also has impacts on the overall performance of UL data compression algorithms. Therefore, not only the compression gain but also processing complexity of compressor/ de-compressor and memory requirements are recommended as guidelines for performance evaluation. Even though it may not be possible to quantify the processing complexity, qualitative analysis of complexity is expected in the performance evaluation.  

7
UL data compression solutions 
7.1
Existing data compression methods
Editor Note: in this section, some existing data compression methods are provided for reference.

7.2
Solutions for RAN level UL data compression
7.2.1
Solution 1
7.2.1.1
Solution description

Editor Note: in this section, details of the proposed solution are described here, may include the algorithm information, the affected protocol layer, how to decompress, PDU format etc.

7.2.1.2
Simulation results
Editor Note: in this section, simulation results of corresponding solution are provided.

7.2.2
Solution 2
7.2.2.1
Solution description

7.2.2.2
Simulation results 
7.3
Evaluation of UL data compression solutions
7.3.1
Comparison of UL data compression solutions
Editor Note: in this section, comparison of these proposed solutions can be captured here.

7.3.2
Procedure to support operator controllability of UL data compression solutions
Editor Note: in this section, signalling and procedures of supporting operator controllability of UDC solutions are described.

8
Conclusions

8.1
Way forward
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