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Discussion
1. Introduction

This document provides a text proposal concerning the possible content for the impact of modem performance on UE data throughput testing for TR37.901 [1].

The text proposal is based on the discussion paper presented for this topic in RAN5#49 meeting [2].

2. Summary

The discussion paper [2] demonstrated how big role the modem performance has in UE Data Throughput Performance tests when such tests are executed in demanding noisy multipath fading conditions. Additionally, it was demonstrated that how existing commercially available conformance test systems can be used to evaluate the modem performance itself.

While TR 37.901 concentrates on study of UE application layer data throughput performance it is also worthwhile that TR37.901 contains information on impact of the modem performance on application layer throughput tests and what are the reasons for it. 

Additionally, since the modem performance has so big impact on application layer data throughput TR 37.901 should contain the information how current available conformance test systems can be used to evaluate the modem performance.

3. Proposal

It is proposed to consider the following text proposal into section 5.8 of TR37.901.
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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 Conformance Tests

Section 9 of TS 34.121-1 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 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 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 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) 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 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 would be better to test them in test environments where L1 modem performance does not dominate i.e., where noise is not present and neither multipath fading condition is activated. 
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