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4
Background

The currently-used HSPA and the newly-deployed LTE radio access technologies are providing a very large increase in data transmission capacity in mobile networks. This is being matched and even exceeded by a corresponding increase in the demand for data from users of the latest data-hungry devices and applications.

It is therefore essential that data devices achieve high efficiency when using data services and do not unduly load the network regardless of the maximum data rate that they are capable of achieving.

The GCF has indicated that they wish to add UE Application-Layer Data Throughput Measurements under various simulated network conditions to their Performance Items area of activity and has requested RAN5 to recommend and produce the necessary test procedures. It is also noted that the PTCRB, TCG might additionally be able to take advantage of the results of such work in 3GPP.

4.1
Study Item Objective

The objective of this Study Item is to define test procedures to measure UE data throughput performance at the application-layer, with no qualification of the results (i.e. no verdicts such as "pass/fail", "good", "medium", "bad" will be supplied).

The test procedures developed will measure the achieved average application-layer data rates (e.g. using FTP or UDP) of the UE standalone or/and in combination with a laptop under simulated realistic network scheduling and radio conditions in a repeatable lab-based environment (i.e. using lab-based simulators and other necessary equipment).

Note:
The point of measurement on the UE side will be either in a connected PC for terminals that support tethered mode only, or inside the UE in case of a terminal that does not support tethered mode, or in both places for UEs that support both modes.
The test procedures will be developed in a flexible manner to accommodate various test conditions. The exact simulated network scheduling and down link radio conditions to be used will be determined during the study. It is envisaged that in addition to some measurements under "ideal conditions", an initial set of suitable scheduling/radio conditions to be used by the test systems, will be defined to simulate typical network conditions. Additional optional conditions may be developed later as and when required.

The study will aim to reuse wherever possible conditions already specified by RAN4 (e.g. radio conditions) and test procedures used in current conformance testing by RAN5. Although utilising existing test procedures without any modification is unlikely, adaptation of existing test cases may well be possible. The study should determine the best candidates.

Note:
Test cases for example in clause 8 of TS 36.521-1 [2] could possibly be adapted for the study and test procedures could be based on the existing single antenna port, transmit diversity, and open and closed loop spatial multiplexing test cases.
The study will determine suitable test procedures for downlink data transfers, uplink data transfers and bidirectional data transfers.

The study will determine the Applications and the related Application requirements (e.g. FTP, UDP, quality of service, TCP settings, etc) to be used. 

GCF has stated that the Radio connection should be limited to LTE and W-CDMA Rel-5 (HSDPA) and later and the study will only consider these.

Other issues that the Study Item may investigate include:

-
The definition of a reliable and repeatable test environment to ensure the best possible repeatability of the results. This could include the definition of a reference laptop configuration, applications in the UE or/and the Laptop that would measure the throughput, etc.
-
The impact from the lower layers data throughput on the application-layer data throughput, especially when variable radio conditions are applied.
5
Study of UE Application Layer Data Throughput Performance

5.1
Definition of UE Application Layer Data Throughput Performance

5.1.1
Definition of End Points

For tethered connections, the UE is tethered to a laptop using the appropriate UE to PC interface Modem or Network Interface Connection (NIC) drivers as recommended by the UE manufacturer for the intended use by the customer/user. In most cases, a laptop with an embedded modem is considered to be a tethered data configuration as opposed to an embedded data configuration due to the UE to PC interface.

For tethered connections, the end points are the application running on the PC connected to the UE and a corresponding Data Server that is adjacent to the simulated lab-based Core Network. In this case, the PC drivers (typically USB) will also play a role in the UE Application Layer Data Throughput performance. 

For non-tethered connections as in the case of embedded applications or applications running on the UE itself, the end points are the application running on the UE and a corresponding Data Server that is adjacent to the simulated lab-based Core Network.

5.1.2
Definition of UE Application Layer Data Throughput

The measured UE Application Layer Throughput, T, is defined as the number of useful user data bits per unit of time delivered by the network from the source end point to the destination end point, excluding protocol overhead (TCP header, UDP header, etc.) and retransmitted data packets. The end points are defined in clause 5.1.1.
5.2
Parameters for Measurement

5.2.1
Throughput

The UE Application Layer Data Throughput as defined in clause 5.1.2 shall be a parameter for measurement.  The parameter would apply for any chosen application. The throughput can be measured in each direction (downlink and uplink).
5.3
Test Configurations

5.3.1
UE Application Layer Data Throughput Test Equipment

The test equipment utilized for UE Application Layer Data Throughput shall consistent of the following items. Some of the elements below may be implemented in the same piece of test equipment depending on implementation.

-
UE

-
For tethered mode operation, Laptop/PC and appropriate UE to PC interface Modem or Network Interface Connection (NIC) drivers and any associated cabling as recommended by the UE manufacturer for the intended use by the customer/user

-
Data client test application for the PC for tethered mode operation

-
Data client test application(s) for the UE for embedded mode operation

-
System Simulator(s) suitable for the radio technology(s) used for testing with necessary IP connectivity

-
Application Servers
-
Faders and AWGN Sources capable of supporting the radio environments defined

5.3.2
UE Application Layer Data Throughput Connection Diagrams

5.3.2.1
UE Application Layer Data Throughput Connection Diagram for Tethered

The UE Application Layer Data Throughput connection diagram for tethered operation is shown in Figure C.2.1-1.

5.3.2.2
UE Application Layer Data Throughput Connection Diagram for Embedded

The UE Application Layer Data Throughput connection diagram for embedded operation is shown in Figure C.2.2-1.

5.3.3
RF Connection Diagrams for UE Application Layer Data Throughput

The RF connections between the SS and the UE shall be in compliance with the associated RF connection diagrams specified in the test procedure clauses in Annex A. As the RF connection diagrams vary based on device type and UE category, it is preferable to reference appropriate RF connection diagrams for similar test configurations in the core test specifications. The RF connection diagrams are to be based on the representative RF connection diagrams referenced in 36.521-1 [2], 34.121-1 [3], or 34.122 [4].

5.3.4
UE Specific Items

There are no UE specific items identified at this time that are required to support the UE Application Layer Data Throughput testing herein.
5.3.5
Reference Laptop
The reference laptop should be used in the tethered connections as defined in sub-clause 5.1.1. It is necessary to specify drivers and electronic characteristics of hardware interface (typically power and ground noise) in the UE Application Layer Data Throughput performance. The physical interface towards the UE may be for example a standard USB interface. Other interfaces of proprietary or standardized type shall not be precluded. The laptop should be equipped with the appropriate processing power in order to support high data rates. The laptop should be “Stand Alone” and not embedded in any network, for example company network. The laptop configuration, including hardware and software is subject to change in order to follow the latest development in the market.

The laptop should not be equipped with SW that influences the data transfer. The laptop should be configured with standard modem driver or driver provided by the UE manufacturer.

5.4
Transport and Application Layer Protocols

5.4.1
Transport Layer Protocol

For the transport layer protocol, TCP and UDP are considered. It is proposed to test with both TCP and UDP as measurements utilizing each transport protocol are relevant.

The following items highlight the need for TCP transport.

-
Most of the applications that need reliable data transfers use TCP as transport layer.

-
The throughput is sensitive to the end-to-end delay.

-
Good for testing FTP/HTTP in bi-directional tests in asymmetric data rate links because the downlink speeds are limited by uplink speeds. For FTP/HTTP data transfers in one direction, the TCP ACKs are transmitted in the other direction, therefore delay in receiving TCP ACK in one direction negatively impacts FTP/HTTP throughput in the other direction.

The following items highlight the need for UDP transport.

-
The performance of UDP based data transfer, unlike TCP based transfer, is Operating System agnostic

-
Real-Time Transport Protocols used by most of Multi Media Applications are based on UDP protocol.

-
UDP Data Transfer in one direction (uplink/downlink) is not dependent on the other direction characteristics, unlike with TCP.

5.4.2
Application Layer Protocol

The following items have been considered for appropriate application layer protocols that utilize TCP as a transport protocol.

-
FTP

-
TFTP

-
SFTP

-
HTTP

-
VoIP (RTP-based)

To reduce the amount of testing, it is proposed to use FTP only. FTP (File Transfer Protocol) runs on top of TCP/IP and is frequently used in applications where download/upload performance would be noticeable to the end user.

The following list identifies the reasons not to duplicate testing across the other application layer protocols.

-
SFTP and HTTP both use TCP as a transport protocol. So it is redundant to use HTTP/SFTP protocols to test data throughput when FTP protocol is used.

-
For test purposes, HTTP is typically used to benchmark the browser’s rendering capabilities as a functional test. Download performance in terms of relative throughput is not as noticeable to the end user as it would be for file downloads.

-
SFTP is process intensive and used to exercise the security engine within the UE.

-
TFTP is typically used in embedded devices to update the firmware in a reliable way using a low footprint stack to avoid using the full TCP stack. TFTP is a request-response protocol and is not a candidate for performance analysis.

-
VoIP (RTP-based) applications are diverse in nature and application compatibility is an issue for a standard set of UE Application Layer Data Throughput Performance test procedures.

For UDP, it is proposed to use raw data transfer  as opposed to defining a streaming protocol to simplify the UDP transfer application requirements.

5.4.2.1
FTP Settings

It is recommended that the FTP server used for testing meet the following requirements:

-
The TCP send/receive buffer sizes at the FTP server should be set to values sufficiently large to ensure they do not limit the maximum throughput achievable at the UE

-
The tx queue length should be set to a value sufficiently large value to ensure flow control between the network interface (ppp) and TCP is not triggered

It is recommended that the FTP application used on the tethered PC for tethered testing meet the following requirements:

-
The tethered FTP application should allow the user to transfer files of any format supported by the tethered PC, in binary mode, in both the Downlink and the Uplink

-
The tethered FTP application should provide the means to compute the throughput T as defined in subclause 5.1.2 at the end of each file transfer

-
The tethered FTP application should provide an interface allowing automation of testing

-
The tethered FTP application t should not implement hidden optimizations that might impact the throughput

An example of an FTP application meeting these requirements is the Windows FTP command line application. This example is cited for information only and does not in any way preclude the use of other applications meeting the recommended requirements.
For embedded testing, the FTP client will reside in the UE under test. This will require an FTP application to be installed on the UE. It is recommended that this application meet the following requirements:

-
The embedded FTP application should allow the user to transfer files of formats supported by the UE, in binary mode, both in the Downlink and the Uplink.
-
The embedded FTP application should provide the means to compute the throughput T as defined in subclause 5.1.2 at the end of each file transfer.
-
The embedded FTP application should provide an interface allowing automation of testing.
-
The embedded FTP application should not implement hidden optimizations that might impact the throughput.
The following settings are to be used.

-
The TCPWindowSize is derived based on the bandwidth-delay product (BDP) for the particular radio access bearer used in the test. Refer to clause 5.4.2.1.1 for guidance concerning the TCP advertised receiver window size setting.

-
The TCPWindowSize is adjusted to near even-multiple of TCP MTU. The Windows Scaling is enabled for all FTP transfers.

-
The socket buffer sizes are set to even-multiples of TCP MTU in use and set to values close to the BDP.

-
The TCP MTU size is set to a value comprised between 1280 and 1500 bytes as recommended by the manufacturer.

-
The FTP transfers are always carried out in Binary mode.

-
The contents of the files to be transferred over FTP are chosen in such a way that they are statistically random, with least compressibility.

-
No application level compression protocols are used to compress the FTP files. 
-
Either IPv4 or IPv6 can be used, but only results obtained with the same IP address type can be compared, since the IP address type will affect the measured throughput.
5.4.2.1.1
TCP advertised receiver window size setting

In case the TCP advertised receiver window size at the TCP receiving entity is configurable, it is recommended to set it to a value greater than BDP, with BDP computed as (max TCP data rate * RTT upper bound), in order to achieve maximum throughput during FTP testing.

Note: In order to achieve maximum throughput during FTP testing, the TCP advertised receiver window size must be equal to or greater than the BDP (Bandwidth Delay Product), which can be expressed as follows:


BDP = TCP data rate * RTT

Where:


TCP data rate is the portion of the radio bearer used to send TCP data


RTT is the unloaded Round Trip Time between TCP end-points (FTP server and tethered laptop/embedded FTP app) as seen by the TCP sender
5.4.2.2
UDP Settings

It is recommended that the UDP server used for testing meet the following requirements:
-
UDP blast duration shall be selected to meet the minimum test times using a sufficient rate to prevent physical layer DTX based upon the UE Category.
It is recommended that the UDP application used on the tethered PC for tethered testing meet the following requirements:

-
The tethered UDP application should allow the user to transfer files of any format supported by the tethered PC, in binary mode, in both the Downlink and the Uplink.
-
The tethered UDP application should provide the means to compute the throughput T as defined in subclause 5.1.2.
-
The tethered UDP application should provide an interface allowing automation of testing.
-
The tethered UDP application should not implement hidden optimizations that might impact the throughput.
For embedded testing, the UDP client will reside in the UE under test. This will require an UDP application to be installed on the UE. It is recommended that this application meet the following requirements:

-
The embedded UDP application should allow the user to transfer files of formats supported by the UE, in binary mode, both in the Downlink and the Uplink.
-
The embedded UDP application should provide the means to compute the throughput T as defined in subclause 5.1.2.
-
The embedded UDP application should provide an interface allowing automation of testing.
-
The embedded UDP application should not implement hidden optimizations that might impact the throughput.
The following settings are to be used.
-
The UDP MTU size is set to a value comprised between 1280 and 1500 bytes as recommended by the manufacturer.

-
The UDP transfers are always carried out in Binary mode.

-
The contents of the files to be transferred over UDP are chosen in such a way that they are statistically random, with least compressibility.

-
No application level compression protocols are used to compress the UDP files.
-
It is recommended that no control characters be used in the files as this may cause unexpected behaviour.

-
Either IPv4 or IPv6 can be used, but only results obtained with the same IP address type can be compared, since the IP address type will affect the measured throughput.
5.5
Test Environment

5.5.1
Signal Levels

The signal levels chosen for test should either be representative of field conditions or appropriate for the test purpose of the particular test procedure defined.

In order to optimize test time and to focus on the appropriate set of signal levels for test, it is proposed to leverage the signal levels for test associated with the associated performance test cases in 34.121-1 [3], 34.122 [4], and 36.521-1 [2] or to limit the number of signal levels for the majority of the downlink performance tests to a representative range. For test cases that would require specific geometries to be set, this approach is reasonable and allows as much re-use of existing test setups as possible.

However, one aspect of a receiver's performance that is not typically addressed in the conformance testing is the ability of the receiver to perform well across a range of signal levels in a relatively low-noise environment where the UE noise floor may be the dominant factor in determining SNR. The end user would expect to achieve relatively consistent UE Application Layer Data Throughput if located in a sufficient signal strength area. However, it has been shown across different radio designs that the data performance can vary significantly due to LNA switch points which may impact the perceived SNR to the modem and thus impacting the end user perception of throughput performance even in a strong signal environment. Therefore, it is proposed to use a power sweep test to characterize the UE performance within a limited range of power levels. Also, in order to exercise the hysteresis associated with the LNA switch points under realistic RF conditions, it is proposed to make use of a vehicular fading profile from 34.121-1 [3], 34.122 [4], and 36.521-1 [2].

By addressing the power sweep test in the UE Application Layer Data Throughput performance testing, one achieves the ability to evaluate the impact of this receiver aspect and its impact at the user level without impacting the industry conformance test cases. For LTE, typical transmission modes that would be used in operation based on the downlink signal level presented to the UE should also be considered.
5.5.2
Fading Profiles

The request from the GCF Steering Group was to measure the average UE Application Layer Data Throughput using simulated realistic radio conditions. In order to support this requirement, it is proposed to consider the following fading profiles to maintain consistency with 3GPP defined fading profiles that have been developed to assess a UE's capability of performing in various multi-path environments. Also, a static propagation condition should be considered for any uplink testing and any downlink performance testing where the test purpose does not specifically require fading (e.g. maximum throughput testing, stress testing where the focus is on processor utilization aspects, etc.).

For HSPA, the following defined 3GPP profiles have been considered depending on the particular test procedure.

-
Static

-
PB3

-
PA3

-
VA3

-
VA30

-
VA120

For LTE, the following defined 3GPP profiles have been considered depending on the particular test procedure.

-
Static

-
EPA5

-
EVA5

-
EVA70

-
ETU70

-
ETU300

-
HST
See clause 5.5.4.5 for the conclusion of selected fading profiles to be used for UE application layer data throughput measurements.
5.5.3
Noise and Interference Levels

In order to assess the end user perception of UE Application Layer Data Throughput, it is desirable to vary Ior/Ioc over a range of values that are representative of the majority of the conditions experienced by the end user. It is also desirable to utilize very high SNR cases for maximum data rate testing or for high order modulation testing. The range of values chosen should either match existing performance test cases in 3GPP or represent a reasonable number of discrete SNR values for test with the exception of any test procedure where the test purpose is to evaluate the throughput performance versus geometry. In this case, the step size for the SNR values should be chosen appropriately.
See clause 5.5.4.5 for the conclusion of selected noise and interference levels to be used for UE application layer data throughput measurements.

5.5.4
Selection of combinations of Fading Profiles and Noise and Interference Levels

5.5.4.1
General

The objective of the study item is to define testing procedures to measure the UE data throughput at the application layer and give an assessment on the data-rate variation with various levels of fading and speed profiles. The throughput at a UE application level includes the combined performance of the

1.
Radio link RF performance

2.
Radio link protocol data processing performance (MAC, RLC, PDCP)

3.
TCP/IP processing performance

4.
Internet Application and driver process performance
The radio link performance is thoroughly tested in TS 34.121-1 [3]/TS 34.122[4]/ TS 36.521-1 [2] under various propagation conditions, but the higher layer performance is not. The selection of test points should thus be taken from the upper-layer perspective, while keeping the assessment of the actual data-rate variations of different implementations in mind. This is consistent with the justification of the study item

“The proposed Work Item will define test procedures to measure the data throughput under various network conditions that will provide absolute measured results as evidence that, even with an excellent radio connection or optimised equaliser, the net data rate is not reduced due to, for example, a non-optimised software architecture or sup-optimal components in the device. Furthermore unsuitable drivers connecting the Data device with a PC could have also a negative impact on the measured data throughput rate.”

that address finding evidence of bottlenecks in the protocol stack limiting the application layer throughput. This requires that the physical-layer test conditions are chosen so that relevant mechanisms of the higher-layers are triggered. 

5.5.4.2
Lower-layer (PHY) testing
The physical layer is thoroughly tested in TS 34.121-1 [3]/ TS 34.122 [4]/ TS 36.521-1 [2] and dominates the end-to-end performance as discussed in clause 5.8. In order to avoid duplication of tests, the aim should not be to go through all the existing tests and configurations. 

In clause 5.8 it is proposed to consider application-layer performance tests measuring higher layer throughput in noise-free  non fading single-path conditions suggesting such tests are the best in revealing higher layer UE bugs affecting throughput. The static and noise-free scenario is certainly one possible test condition, but in order to make sure the entire protocol stack is tested with regard to implementation errors and mismatch under transport block size variability and fast variations similar to what occurs in e.g. the field tests under live conditions, relevant fading scenarios that trigger these variations should also be included. This will not only complement the higher-layer tests in TS 34.123-1 [5] (UTRA) and TS 36.523-1 (E-UTRA) performed under ideal radio conditions, but also meet the objective of providing an assessment of the UE data-rate variations with various fading- and speed profiles. 

5.5.4.3
Higher-layer impact on application layer throughput
Table 5.5.4.3-1 shows the test aspects that should be considered in addition to the static and noise-free scenario for some selected HSPA scenarios to check that upper-layers do not constrain (often by errors or mismatch) the throughput under dynamic the channel conditions as experienced in field (drive) tests. The application and associated channel profiles and geometries are just examples.

The dynamic conditions can trigger undesired behaviours of the upper-layers not covered in the signalling tests, e.g. when RLC retransmissions occur or being caused.

Table 5.5.4.3-1: Aspects covered for identifying high-layer performance

	Conditions
	Test aspect

	HSPA, Download UDP/FTP Throughput, follow-CQI, PA3, Geometry = 10dB
	Big TBS variations

	HSPA, Download UDP/FTP Throughput, follow-CQI, VA30, Geometry = 10dB
	Fast variations

	HSPA, Download UDP/FTP Throughput, follow-CQI, VA120, Geometry = 0dB
	High BLER and fast variations

	HSPA, Bi-Directional UDP/FTP Throughput, follow-CQI, Static, Geometry = 20 dB
	Processing capability

	HSPA Cat8, Bi-Directional FTP Throughput, AMR Multi RAB, follow-CQI, Static, Geometry = 20 dB
	Processing capability

	LTE, Download UDP/FTP Throughput, follow-CQI sub band reporting, EPA3, SNR = 20dB
	Big TBS variations

	LTE, Download UDP/FTP Throughput, follow-CQI sub band reporting ETU70, SNR  = 0dB
	Fast variations

	LTE, Download UDP/FTP Throughput, follow-CQI wideband reporting, ETU300, SNR = 0dB
	High BLER  and fast variations

	LTE, Download UDP/FTP Throughput, follow-CQI wideband reporting, Static, SNR = 20dB
	Processing capability

	LTE, Bi-Directional FTP Throughput, follow-CQI wideband reporting, Static, SNR = 20dB
	Processing capability


Figure 5.5.4.3-1 shows the variation of the reported CQI (TBS) and the time-variability of some of the propagation conditions typically used in the radio-link test cases.
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Figure 5.5.4.3-1: TBS- and time variability for various propagation conditions.

The PA channel gives rise to larger TBS variations than the more dispersive VA and PB channels. This is due to the wide-sense stationary uncorrelated channels used, in which the likelihood that the single dominant tap in the PA model experiences a fading dip is larger than the likelihood that the taps in the dispersive models will experience fading dips simultaneously. The SNR and wanted-signal variability tracked by the CSI reporting is therefore smaller for the latter channels.

Higher geometries will allow larger TBS and MCS variations and verification of the processing capabilities at good radio conditions. For lower geometries and high speed the BLER is typically high such as under the VA120 at 0 dB geometry. 

To pick relevant propagation conditions, then scenarios that users typically experience and that also challenge the upper layers should be selected.

5.5.4.4
Typical physical parameters for verifying higher-layer impact

The typical physical parameters should be chosen to trigger mechanisms in the higher layers whilst finding relevant conditions for assessment of UE performance beyond PASS/FAIL. 

The empirical Greenstein model [15] has constituted the basis for many models including the 3GPP/3GPP2 spatial channel model described in TR 25.996. The path gain and delay spread follow [15] with the shadow correlated with the delay spread, and assuming uncorrelated shadowing between sites. The geometry (C/I) is the ratio between the path gain from best site and sum of path gains from all other sites. 100 sites has been laid out at various ISD (inter-site distance) assuming and urban, sub-urban and rural scenario. 

Figures 5.5.4.4-1 and 5.5.4.4-2 show the results for urban environment with ISD = 0.5 km and 3 km, respectively. The CDF curves display the cumulative distribution of the delay spread conditioned on a certain range of C/I. 
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Figure 5.5.4.4-1: Urban environment with small microcells.
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Figure 5.5.4.4-2: Urban environment with microcells.

The delay spread of the Pedestrian A (PA), Pedestrian B (PB), Vehicular A (VA) and Typical Urban (TU) are 0.05 s, 0.75 s, 0.37 s and 1 s, respectively. The results in Figure 5.5.4.4-1 indicate that 0.02% of all users have a C/I > 20 dB and a delay spread larger or equal to that of VA, while 0.2% has C/I > 10 dB and a delay spread larger or equal to that of VA. The corresponding results for the larger microcells are 1% with C/I > 20 dB and 8% with C/I > 10 dB. It appears that the typical urban is not very typical (it was developed in early GSM days with very large cells), and we note that only 1% has C/I  > 0 dB and a more dispersive profile than PB. 

The results from the sub-urban and rural scenarios are shown in Figure 5.5.4.4-3. It can be observed that 0.4% of all users have C/I > 20 dB and a delay spread larger or equal to that of VA for the sub-urban, while 0.1% of all users in rural macrocells have C/I > 0 dB and a delay spread of 0.5 s or larger.
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Figure 5.5.4.4-3: Fraction of users with a certain delay spread and geometry for sub-urban (left) and rural (right)

The simulations have some weak points: BS antenna tilt has not been considered and the Greenstein model from 1994 may be slightly outdated considering more recent network deployments. However, a comparison with measured results taken in Atlanta, GA, reveals that there is good agreement between measurements and simulations. The measurements are car-based with a test terminal inside the vehicle, and with routes covering urban, suburban and highways. From Figure 5.5.4.4-4 we note that 0.2% of all locations have a C/I > 20 dB and a delay spread exceeding that of VA. 
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Figure 5.5.4.4-4: Measured results from Atlanta, GA.

To sum up the results, it seems that the VA channel could cover the great majority of locations in field tests. For LTE the corresponding channel is EVA. The typical urban case (ETU for LTE) occurs infrequently in urban areas, less than 0.1% of measured locations with C/I > 0 dB have a delay spread exceeding that of the TU.

5.5.4.5
Selection of test points

Based on the discussion in clauses 5.5.4.1 to 5.5.4.4 the channel profiles as listed in Table 5.5.4.5-1 for HSPA and Table 5.5.4.5-2 for LTE testing have been selected to challenge the higher layers, but also cover the vast majority of propagation scenarios experienced in field tests. The simulations and measurements as discussed in clause 5.5.4.4 indicate that the VA channel would cover most scenarios experienced in drive tests. The number of test cases should be reasonable as there is no need to repeat all the radio-link tests in TS 34.121-1 [3],TS 34.122[4] or TS 36.521-1 [2]. It is more important to cover the missing aspects. The aim has been to find a limited number of relevant propagation conditions (4-6) to achieve a reasonable test count, including the static condition. 

Table 5.5.4.5-1
Test Points for HSPA

	Propagation Condition
	Geometry
	Justification

	Static
	No interference

Note 1
	To check that upper-layers do not constrain data throughput

	PA3
	20dB
	To exhibits large TBS variations (see clause 5.5.4.3) and very common scenarios for high-data rate requiring processing capability

	VA30
	10dB
	Fast variations and VA occurs frequently in deployments

	VA120
	0dB
	A high BLER scenario may trigger higher layer retransmissions, and also addresses the high speed scenario in the work item objective

	PB3
	0dB
	Most common high-dispersion case

	Note 1:
In the performance report, the tester shall indicate for the ‘No Interference’ condition, the following note: In case of 'no interference', the throughput is expected to be maximal. This may be the maximum theoretical throughput or below. In the latter case it cannot be distinguished, whether UE limitations, or signal generator limitations with respect to EVM, or both contribute to this.


Table 5.5.4.5-2
 Test Points for LTE

	Propagation Condition
	SNR
	Justification

	Static 


	No interference

Note 1
	To check that upper-layers do not constrain data throughput

	EPA5


	20dB
	To exhibits large TBS variations (see clause 5.5.4.3) and very common scenarios for high-data rate requiring processing capability

	EVA5 

	10dB
	EVA occurs frequently in deployments

	ETU70 

	0dB
	Fast variations and most common high-dispersion case

	ETU300


	0dB
	A high BLER scenario may trigger higher layer retransmissions, and also addresses the high speed scenario in the work item objective

	Note 1:
In the performance report, the tester shall indicate for the ‘No Interference’ condition, the following note: In case of 'no interference', the throughput is expected to be maximal. This may be the maximum theoretical throughput or below. In the latter case it cannot be distinguished, whether UE limitations, or signal generator limitations with respect to EVM, or both contribute to this.


5.5.5
Traffic Profiles

The request from the GCF Steering Group was to measure the average UE Application Layer Data Throughput using simulated realistic radio conditions. In order to support this requirement, it is proposed to consider QCI 9 to keep the UE Application Layer Data Throughput testing in-line with TS 36.508 and the QCI used for all of the 36.521-1 clause 8 test cases including the max sustained data rate test.
5.6
Data Transfer Scenarios

5.6.1
FTP Transfers

It is proposed to execute the following data transfer scenarios for FTP.

-
Downlink Only

-
Uplink Only

-
Bi-Directional (concurrent and alternating based on test purpose)
5.6.2
UDP Transfers

It is proposed to execute the following data transfer scenarios for UDP.

-
Downlink Only

-
Uplink Only

-
Bi-Directional (concurrent)

5.7
Statistical Analysis

Editor’s Note: The content for this clause will be updated based on the way forward discussion paper presented in R5-113386 at RAN5 #52. The guidance concerning minimum test times has been provided in Annexes A.2.1 and A.3.1.
5.8
Impact of Modem Performance in Application Layer Throughput

The modem performance has a very big role in application layer data throughput performance when tests are performed in noisy conditions under multipath fading scenarios. The sub-clause 5.8.1 demonstrates how big differences there are in modem performance when measured from many different UEs in commercial conformance test systems. Then sub-clause 5.8.2 discusses about modem performance in application layer throughput tests and gives some easy-to-understand reasons why modem performance also dominates in application layer throughput tests.

5.8.1
Modem Performance in current TS 34.121-1/TS 34.122 Conformance Tests

Section 9 of TS 34.121-1 [3]/ TS 34.122 [4] contains a lot of HSDPA throughput test cases for different UE categories and for different UE performance types such as Type 0 (based on basic Rake receiver), Type 1(based on Rx Diversity), Type 2 (Based on Equaliser), Type 3 (based on RxDiv + EQU) and Type 3i (based on Interference aware Type3 receiver). Each of these test cases includes a lot of test points where following parameters are being varied:

-
Noise level (Low, Mid and High Geometry)
-
Fading Type and UE speed (PA3, PB3, VA30, VA120)
-
HSDPA power level (Low or High Power)
-
Modulation type (QPSK, 16QAM, 64QAM)
Most of these section 9 test cases have been verified and validated in multiple commercially available conformance test platforms. For UE conformance purposes these validated test cases declare only PASS or FAIL but detailed test reports contain also the measured throughput results of each test points.

While conformance test cases verify that UE fulfils the 3GPP minimum requirements, the detailed test reports can be also used to evaluate how good modem performance UE has by evaluating how big margins each UE has to 3GPP minimum requirements.

As an example, below there are three different figures to evaluate the modem performance in some selected TS 34.121-1 [3] test cases. The results have been collected from official conformance test platform where test equipment is calibrated to fulfil the tight 3GPP accuracy requirements, and testing time also follows 3GPP requirements to give statistically reliable and reproducible test results. The throughput results have been normalised to the best performing UE in each test point to give better understanding about relative UE throughput performance. Note that each of these UEs fulfils the 3GPP minimum requirements but nevertheless the differences in throughput performance among UEs are quite big.

Figure 5.8.1-1 shows HSDPA throughput performance in TC 9.2.1A that is testing UEs supporting 5 HSDPA codes (CAT6). Results have been collected from 11 different UEs from 6 different UE vendors. The 3GPP minimum requirements in this test case are based on Type 0 (Basic RAKE receiver), and thus many UEs fulfil 3GPP requirements with quite a big margins. This figure also shows how different UE vendors have been managed to improve the throughput in their different platform versions. The Figure 5.8.1-1 shows that in most demanding test points some UE can achieve only about 50% of the best UE’s throughput. On the other hand, some of these tests points are so easy that almost every UE has achieved the best possible throughput in given test point conditions.
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Figure 5.8.1-1: HSDPA Throughput in TC 9.2.1A targeted for UEs supporting HSDPA CAT6.
Figure 5.8.1-2 shows HSDPA throughput performance in TC 9.2.1E that is testing UEs supporting 10 HSDPA codes (CAT8). The 3GPP minimum requirements in this test case are based on enhanced performance Type 1 (RXDIV). There are not so many UEs commercially available that support Rx Diversity but nevertheless this figure shows that UEs that had the best receivers in one antenna branch are also the best ones when the same receiver is put into two branches, and those UEs that have not so good receiver in one antenna are also among the worst in two antenna tests. Now in this figure the worst UE can achieve only about 60% of the best UE’s throughput.
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Figure 5.8.1-2: HSDPA Throughput in TC 9.2.1E targeted for Rx Diversity UEs supporting HSDPA CAT8.
Figure 5.8.1-3 shows HSDPA throughput performance in TC 9.2.1F that is testing UEs supporting 10 HSDPA codes (CAT8). The 3GPP minimum requirements in this test case are based on enhanced performance Type 2 (EQU). In this test case individual test points are now much more demanding than TC 9.2.1A (Figure 1) and thus the difference in throughput performance has increased compared to differences in Figure 5.8.1-1. Now in Figure 5.8.1-3 the worst UE can achieve only about 45% of the best UE’s throughput but nevertheless the worst UE fulfils the 3GPP minimum requirements.
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Figure 5.8.1-3: HSDPA Throughput in TC 9.2.1F targeted for UEs supporting HSDPA CAT8.
The three figures above give just three examples from the big set of validated tests cases. But in section 9 of TS 34.121-1 [3]/ TS 34.122 [4] there are about twenty more test cases specified that have been validated or will be very soon validated  and those tests could also be used to evaluate the modem performance in conformance test systems,

5.8.2
Modem Performance in Application Layer Data Throughput Tests

Data Throughput Performance testers measure the application layer throughput revealing possible UE bugs in higher layers. When there are problems in higher layers, the tester has to re-transmit the packets whenever UE has not ACKed the packets or have not been fast enough to ACK packets in higher layers due to whatever higher layer problem that UE may have.

It is good to understand that the nature of 3GPP WCDMA/TD-SCDMA system is such that the best possible application layer throughput in fading conditions is achieved when some ratio of packets are re-transmitted at physical layer using fast L1 HARQ retransmission process. By this way network can transmit much bigger HSDPA block sizes and even some of them need to be re-transmitted at layer 1 one or more times, the total throughput is much higher than in the case where network tries to guarantee zero block error ratio for L1 packets by sending small HSDPA blocks. 

Each network vendor may have they own view what it the best L1 BLER target in their live networks, and this may depend on many parameters, such as fading type, UE speed and so on. However, some basic field measurements in different live networks indicate that this L1 BLER is somewhere between 15 % and 40% in fading multipath scenarios.  Also “Follow CQI” method used in Data Throughput Performance Testers is such that L1 re-transmission ratio (or BLER) is between 15 to 40% in various test points covering different noise conditions and fading profiles.

However 3GPP compliant and GCF certified UE has been tested in so many higher layer tests (TS 34.123-1 [5]) that higher layer re-transmissions occur rather infrequently in real live networks. Since also mandatory field tests are part of GCF certification, the GCF certified UEs higher layer re-transmissions occur significantly less often than L1 re-transmissions in multipath fading scenarios. Comparison of L1 packet re-transmission ratio to higher layer packet re-transmission ratio indicates that it is the L1 modem performance that also dominates in these kind Data Throughput Performance test outputs. 

The importance of L1 modem performance in these kind application layer data throughput performance tests can be easily demonstrated. For this purpose three UEs that were tested against TS 34.121 tester were tested also in one commercially available application layer data throughput performance test system. Figure 5.8.2-1 shows these results.
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Figure 5.8.2-1: HSDPA Throughput comparison in different test systems

In Figure 5.8.2-1 results have been collected from same tests points (Fading type and Geometry) from TS 34.121-1 [3] TC 9.2.1A and from application layer data throughput performance test cases using FTP transfer. Figure 5.8.2-1 shows that the UE that achieved the best throughput in TS 34.121 test system achieved also the best throughput in FTP test cases in an application layer data throughput (e2e) in all measured test points. Also the UE that was performing worst in TS 34.121 test system was also the worst in an e2e tester. The 3rd UE that was in between these two other UEs in TS 34.121 test system kept its position in an e2e tester. 

Then from detailed test reports of higher layer Data Throughput Performance Tester L1-retransmission ratios from the best and the worst UE and compared it to higher layer re-transmission ratios. The Table 5.8.2-1 shows the both L1 and L3 re-transmission ratios in all measured test points.

Table 5.8.2-1: L1 and L3 Re-transmission ratios in application layer throughput data throughput tester
	Test Point
	Vendor A.2
	Vendor C.1

	
	L1 re-transmission ratio [%]
	L3 re-transmission ratio: Re-transmitted PDUs / Transmitted PDUs
	L1 re-transmission ratio
	L3 re-transmission ratio: Re-transmitted PDUs / Transmitted PDUs

	PB3, G=10
	17
	10/931378 = 0.001%
	12
	10/932901 = 0.001%

	PB3, G=0
	17
	12/399429 = 0.003%
	30
	11/399866 = 0.003%

	VA120, G=10
	33
	9/665125 = 0.001%
	23
	9/666562 = 0.001%

	VA120, G=0
	37
	11/266946 = 0.004%
	44
	10/272171 = 0.004%


Table 5.8.2-1 demonstrates that L1 re-transmissions ratios vary between 17% and 37% for the UE that was performing best in an application layer data throughput tester while L1 re-transmission ratio was between 12 and 44% for the worst performing UE. Table 5.8.2-1 also indicates that the higher layer re-transmission ratios were between 0.001% and 0.004% for both UEs. So the throughput differences in a application layer data throughput tester were not because the higher layer issues but just because the L1 modem performance was so much better in one UE than in the other UE. Comparison of L1 and L3 re-transmission numbers clearly indicate that the L1 modem performance dominates in higher layer throughput tests when test system covers demanding noisy fading multipath scenarios. Note that in case the L3 re-transmission ratio had been even 100 times bigger due to some higher layer UE bug, still the L3 retransmission ratio would have been significantly smaller than L1 re-transmission ratio (100x0.004%=0.4% that is significantly lower than12%). In other words, this kind of higher layer test system would not have been able to reveal higher layer bugs even higher layer re-transmission had occurred 100 times more often than in a good UE.

All these measurement results indicate that in order to be able to find easily higher layer bugs it is essential to have application layer data throughput test cases in test environments where L1 modem performance does not dominate i.e., where noise is not present and neither multipath fading condition is activated.
5.9 
Test System Uncertainty and Test Tolerance

5.9.1 
Recommended Uncertainty of Test System 

The test system should fulfil the 3GPP test system uncertainty values for HSDPA and E-UTRA throughput tests specified in Annex F of TS 34.121-1 [3] and  and 34.122 [4]Annex F of TS 36.521-1 [2]. If a test system cannot fulfil the 3GPP test system uncertainty requirements then the test system vendor shall declare its test system uncertainty values. 

5.9.2 
Test Tolerances 

Since there are no absolute minimum requirements nor PASS/FAIL requirements in tests specified in the present TR the test tolerances are not defined which should be understood the applicable test tolerance being set to zero in all tests. 

5.9.3 
Impact of Test System Uncertainty on Test Results 

Editors note: This analysis is assuming a WCDMA system. The analysis for LTE is TBD.

Test system uncertainties play a big role in application layer throughput results. The tighter the uncertainty requirements are the more re-producible and comparable the results are. 
In TS 34.121-1 [3] applicable test system uncertainty has been specified for each test case. Test System Uncertainty is a measure how accurately tester can setup the certain parameter/signal level to the specified level. In HSDPA throughput tests the most meaningful test system uncertainties are:
-
Accuracy to setup the Ec/Ior for any downlink channel, for which the allowed test system uncertainty is ±0.1 dB
-
Accuracy to setup the Îor/Ioc ratio, for which the allowed test system uncertainty is ±0.3 dB in static conditions and ±0.6 dB in fading conditions
-
Accuracy for AWGN flatness across the minimum bandwidth, for which the allowed test system uncertainty is ±0.5 dB and the peak to average ratio at a probability of 0.001% shall exceed 10 dB
These specified test system uncertainties are very tight requirements for test systems. Typically the specified uncertainty values are the best that test system vendors can achieve when their test systems are fully calibrated. Full calibration means that each individual device, signal route and cable has to be calibrated. Hence the calibration costs take quite a big share of total costs of 3GPP compliant test systems. 

There are several reasons why 3GPP has specified very tight requirements for test system uncertainties. Some reason being highlighted below:
-
There is strong industry requirement that test systems should not PASS a bad UE.
-
Loose test system uncertainties results big test tolerances. The smaller the test tolerances are the smaller is the probability that a test system passes a bad UE. (Since minimum requirements are relaxed by the amount of test tolerances there is a small chance that a bad UE passes the test thanks to relaxed test requirements but UE would fail if test tolerances were zero)
-
The tests should be as reproducible as possible
-

Without accurate test system calibration the test result may change from day to day / from frequency to frequency
-
The test results should be as comparable as possible from device to device and from test system vendor to test system vendor
-
All test systems should give a same PASS/FAIL verdict for one UE, and also each test system should give roughly the same actual test results (e.g., for HSDPA throughput).
The impact of test system uncertainties on HSDPA throughput in different scenarios are demonstrated in Figures 5.9.3-1 and 5.9.3-2 that show the HSDPA throughput in different fading scenarios as a function of Îor/Ioc (=G) value. The nominal G value is 0 dB in Figure 5.9.3-1 and 10 dB in Figure 5.9.3-2. 
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Figure 5.9.3-1: Impact of G on HSDPA throughput in fading scenarios when G is low

Figure 5.9.3-1 shows that absolute throughput can vary more than 100 kbps even when test system uncertainties for G fulfil the 3GPP requirements given. When uncertainties of G are looser than 3GPP requirements then absolute throughput values differ more than 300 kbps.

Figure 5.9.3-2 shows the same phenomena when test system uncertainties are applied to area when G is high. But now when absolute throughput values are higher due to less noise in scenario (G is high) the absolute throughput values differ even more than 1 Mbps when test system uncertainty for G is ±1.5 dB. 
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Figure 5.9.3-2: Impact of G on HSDPA throughput in fading scenarios when G is high

Figure 5.9.3-3 and 5.9.3-4 illustrate how much uncertainty of setting the G value affects to normalised HSDPA throughput. Now from Figure 5.9.3-3 one can conclude that when test systems fulfil the 3GPP test system requirements the normalised throughput is within 15% from the nominal throughput while with looser test system uncertainty (±1.5 dB) for G the normalised throughput is within the 30% from the nominal throughput. Figure 5.9.3-4 shows the same trend but now impact of test system uncertainty with high G on normalised throughput is slightly lower than with low G scenario but on the other hand it is more sensitive to fading channel profile.
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Figure 5.9.3-3: Impact of test system uncertainty on normalised HSDPA throughput in fading scenarios when G is low
[image: image17.wmf]70.0

80.0

90.0

100.0

110.0

120.0

130.0

-

2

-

1.5

-

1

-

0.5

0

0.5

1

1.5

2

N

o

r

m

a

l

i

s

e

d

 

T

h

r

o

u

g

h

p

u

t

Test system uncertainty for G (Nominal value for G=10 dB)

Normalised HSDPA throughput and test system uncertainty

STATIC

PB3

PA3

VA120


Figure 5.9.3-4: Impact of test system uncertainty on normalised HSDPA throughput in fading scenarios when G is high
It should be noted that the analysis above takes into account only one test system uncertainty parameter (G) while the HSDPA throughput is also sensitive to other test system uncertainties like accuracy of setting the Ec/Ior and flatness of AWGN. In worst case scenarios test system uncertainties can be summed up and hence the impact of all test system uncertainties on HSDPA throughput is even bigger than shown in Figures 5.9.3-1 to 5.9.3-4.

This analysis indicates that if application layer data throughput results are used to compare the performance of different UEs the impact of test system uncertainties on throughput results should be taken into account. 

Therefore in order to compare the test results from one test system to another, or taken at different times on the same test system, it is necessary to analyse the impact of the test system uncertainties of the most relevant test parameters.
6
Conclusions

The UE Application Layer Data Throughput Study Item was initiated at the request of the GCF to add UE Application Layer Data Throughput Measurements under various simulated network conditions to their Performance Items area of activity. The following aspects related to UE Application Layer Data Throughput testing were included as part of the study.

-
Definition of UE Application Layer Data Throughput Performance

-
Parameters for Measurement

-
Test Configurations

-
Transport and Application Layer Protocols

-
Test Environment

-
Data Transfer Scenarios

-
Statistical Analysis

-
Impact of Modem Performance in Application Layer Throughput

-
Test System Uncertainty and Test Tolerance

As a result, the following items have been identified at the conclusion of the study item

-
Definition of UE Application Layer Data Throughput Performance and identification of the test end points

-
Identification of the test environment to include signal levels, fading profiles, and noise and interference levels to simulate typical network conditions with re-use of already specified RAN4 radio conditions.

-
Selection of particular test environment combinations from the above for test points

-
Selection of particular test environments that create conditions that can trigger undesired behaviour at the upper layers that are not covered in other RAN5 test cases

-
Identification of the complete set of downlink, uplink, and bi-directional UDP and FTP test procedures for HSPA and FDD and TDD LTE

-
Identification of the test points for the above test procedures

-
Identification of flexible test procedures which were adapted from existing RAN5 test procedures and conditions and extended to UE Application Layer Data Throughput

-
Selection of transport and application layer protocols and data transfer scenarios

-
Identification of FTP and UDP Settings, Reference FTP and UDP Server Requirements, and FTP and UDP Application Requirements

-
Completion of Embedded and Tethered Testing Considerations

-
Consideration about the impact of test system uncertainty on test results and confirmation of the Test System Uncertainty Recommendations

-
Definition of a reliable and repeatable test environment to ensure the best possible repeatability of the results

-
Impact from the lower layers data throughput on the application-layer data throughput

-
Identification of the test applicability based on UE capabilities

This technical report includes a set of recommended test procedures for UE Application Layer Data Throughput that is in-line with the study item objectives identified in clause 4.1.

The test procedures are contained in Annex A with the specific test conditions and environments covered in Annex B. The test procedures herein provide a measure of UE data performance at the application layer with no qualification of results (i.e. no verdicts such as "pass/fail", "good", "medium", "bad" will be supplied),
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