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1
Introduction

At RAN5#50-bis meeting the proposed reference test points for combination of propagation conditions and noise and interference levels in document [1] R5-111041 were agreed for inclusion in TR 37.901. It was agreed to include the background information in [1] in TR 37.901 to be used as future reference giving the rationale for the selected test points.
The purpose of this document is to propose text for new clause 5.5.4 (Selection of combinations of Fading Profiles and Noise and Interference Levels) of TR 37.901. The purpose of this document is also to introduce some changes to existing text in associated clauses in TR 37.901 (clauses 2, 5.5, 5.5.2, 5.5.3 and Annex B).

2
Proposal

It is proposed that the attached text proposal including the changes to the existing text is included in the next version of TR 37.901.
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<Text proposal#1 – Changes to clause 2>
2
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<End Text proposal#1>

<Text proposal#2 – Changes to clause 5.5 and introduction of new clause 5.5.4 and 5.5.5>

5.5
Test Environment

Editor’s Note: The following aspects are either missing or not yet determined:


-
Resource allocations for LTE allocated to the user need additional study.

-


5.5.1
Signal Levels

The signal levels chosen for test should either be representative of field conditions or appropriate for 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 [xx], 34.122-1 [xx], and 36.521-1 [xx] 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 fast fading profile from 34-121-1 [xx], 34.122-1 [xx], and 36.521-1 [xx].

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.

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 consideredfor 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 / TS 36.521-1 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 / TS 36.521-1 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 (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 [3] 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 [3] 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 or TS 36.521-1. 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
	20dB
	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


<Editor’s note:
The SNR level for the static case is FFS >
Table 5.5.4.5-2
 Test Points for LTE

	Propagation Condition
	SNR
	Justification

	Static 


	[20dB]
	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


<End Text proposal#2>

<Text proposal#3 – Changes to Annex B>

Annex B:
Specific Test Conditions and Environment
B.1
Reference Test Points

<Editor’s note:
The intention with this section is to define the test points used in UE application layer data throughput measurements. Currently propagation conditions and geometry/SNR is defined. Further test point parameters are FFS >

B.1.1
Reference Test Points for HSPA

Table B.1.1-1
Reference Test Points for HSPA

	Test point index
	Propagation Condition
	Geometry
	<Other test point parameters FFS>
	Justification

	HSPA-1
	Static 
Note 1
	20dB
	FFS
	To check that upper-layers do not constrain data throughput

	HSPA-2
	PA3

Note 2
	20dB
	FFS
	To exhibits large TBS variations (see clause 5.5.4.3) and very common scenarios for high-data rate requiring processing capability

	HSPA-3
	VA30

Note 2
	10dB
	FFS
	Fast variations and VA occurs frequently in deployments

	HSPA-4
	VA120
Note 2
	0dB
	FFS
	A high BLER scenario may trigger higher layer retransmissions, and also addresses the high speed scenario in the work item objective

	HSPA-5
	PB3

Note 2
	0dB
	FFS
	Most common high-dispersion case

	Note 1
See <FFS> for definition to Static conditions.

Note 2
See TS 25.101, Annex B.2 for definition of PA3, PB3, VA30 and VA120


B.1.2
Reference Test Points for LTE
<Editor’s note:
The SNR level for the static case is FFS >
Table B.1.2-1
Reference Test Points for LTE

	Test point index
	Propagation Condition
	SNR
	<Other test point parameters FFS>
	Justification

	LTE-1
	Static 

Note 1
	[20dB]
	FFS
	To check that upper-layers do not constrain data throughput

	LTE-2
	EPA5

Note 2
	20dB
	FFS
	To exhibits large TBS variations (see clause 5.5.4.3) and very common scenarios for high-data rate requiring processing capability

	LTE-3
	EVA5 
Note 2
	10dB
	FFS
	EVA occurs frequently in deployments

	LTE-4
	ETU70 
Note 2
	0dB
	FFS
	Fast variations and most common high-dispersion case

	LTE-5
	ETU300

Note 2
	0dB
	FFS
	A high BLER scenario may trigger higher layer retransmissions, and also addresses the high speed scenario in the work item objective

	Note 1
See <FFS> for definition to Static conditions.

Note 2
See TS 36.101, Annex B.2 for definition of EVA5, EPA5, EVA70, ETU70 and ETU300


B.2
Reference system configurations

<Editor’s note:
The intention with this section is to capture the conclusion of agreed system configurations to be used as baseline for the UE application layer data throughput testing.>

B.2.1
HSPA reference system configurations

<Editor’s note:
This clause will contain details of the simulated network environment used for HSPA. This involves specifying details of system information, reference radio bearer configurations, HARQ buffer sizes, timers, CQI-TBS mapping, RLC PDU to MAC transport block mapping etc. References to TS 34.108 should be used when appropriate.>

FFS

B.2.2
LTE reference system configurations

<Editor’s note:
This clause will contain details of the simulated network environment used for LTE. This involves specifying details of system information, reference radio bearer configurations, HARQ buffer sizes, timers, CQI-TBS mapping, RLC PDU to MAC transport block mapping etc. References to TS 36.508 should be used when appropriate.>

FFS 

B.2.3
Network, Transport and Application Layers reference system configurations

<Editor’s note:
This clause will contain details of the simulated network environment used for the application layer protocols. This involves specifying details of complete client/server PC TCP/IP configurations, such as  TCP congestion avoidance algorithm, TCP Window Size, MTU size, IPv4 / IPv6.>
FFS
<End Text proposal#3>
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