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1
Introduction
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 should include 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

What is missing in the current 3GPP test regime? 

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. We therefore propose to start from the higher-layer perspective, while keeping the assessment of the actual data-rate variations of different implementations in kind. 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. 

In this contribution we propose relevant test conditions for the application-layer throughput test to meet its objective. We pick conditions that most frequently occur in live networks that are relevant for end-to-end user experience. Both HSPA and LTE are considered.

First we consider the impact of the physical layer and what is already covered.
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 demonstrated in [1]. In order to avoid duplication of tests, the aim should not be to go through all the existing tests and configurations. 

In [1] 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 

· 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 / TS 36.523-1 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. 

3
Higher-layer impact on application layer throughput

Table 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 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, VA120, Geometry = 10dB
	Fast variations

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

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

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


Figure 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 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, we look at scenarios that users typically experience and that also challenge the upper layers.

4
Typical PHY parameters for verifying higher-layer impact

What is typical propagation conditions experienced in field test? We are considering application-layer throughput and would like to trigger mechanisms in the higher layers whilst finding relevant conditions for assessment of UE performance beyond PASS/FAIL. 
First we turn to simulations to understand the basic dependencies. We use the empirical Greenstein model [2] that 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 [2] 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 2 and 3 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 3: urban environment with small microcells.
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Figure 4: 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 3 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. We observe 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 spead of 0.5 s or larger.
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Figure 5: fraction of users with a certain delay spead 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 6 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 6: 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
Examples of test configurations
Next we consider some examples of channel profiles that could be used for testing the application-layer throughput. The aim is to find 4-6 relevant propagation conditions for a reasonable test count, including the static condition. The simulations and measurements indicate that the VA channel would covers most scenarios experienced in drive tests, which suggest the following baseline for the test conditions 
For HSPA we propose:

· PA3 with 10 and  20 dB geometry
· exhibits large TBS variations (see Section 3) and very common scenarios for high-data rate requiring processing capability
· VA30 or VA120 with 0 and 10 dB geometry
· a high BLER scenario that may trigger higher layer retransmissions, and also addresses the high speed scenario in the work item objective
· Static scenario
· another case for verifying higher-layer functionality (see [1])
For LTE, the corresponding

· EPA5 with SNR = 10 and 20 dB
· EVA70 or EVA with 300 Hz Doppler (160 km/h at 2 GHz) for the high-speed case

The 5 or 10 MHz bandwidth should be chosen since supported by all operating bands. For the CSI feedback, sub-band CQI reporting could be chosen for the low-speed cases while wideband reporting is more relevant at higher speeds. 
The above base-line scenarios are chosen to challenge the higher layers, but also cover the vast majority of propagation scenarios experienced in field 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: it is more important to cover the missing aspects. 
The selection of propagation conditions should be verified with RAN4.
6
Fulfilling other purposes of the application-layer test

Testing in this way using the most common cases will also add additional information on the actual throughput that is not conveyed by the PASS/FAIL criterion for the FRC tests in TS 34.121 as discussed in [1]. Furthermore, the proposed tests are follow-CQI tests (VRC) and the actual throughput recorded under the proposed propagation conditions should represent that experienced in field tests. 
7
Proposal
In choosing the scenarios that the proposed test methodology we propose to

1. Start from a higher-layer perspective, the upper layers should not constrain the performance (largely determined by the radio-link that is already tested)

2. Pick a few propagation scenarios (not only static) that triggers different higher-layers mechanisms like e.g. RLC retransmission or TCP slow start, these scenarios can for example be those that are typically experience by users employing the applications tested
3. cover both LTE and HSPA

4. use the following propagation scenarios (HSPA)
a. PA3 with 10 and  20 dB geometry

b. VA30 or VA120 with 0 and 10 dB geometry

c. Static scenario

5. use similar propagation for HSPA and LTE

It is proposed to specify all parameters in the test environment to guarantee consistent test behaviour, and to set these parameters so as to mimic real-life performance (see [3] for detailed proposal).
It is proposed that RAN5 endorses the above way forward. The propagation scenarios need to be verified with RAN4.
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