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1.  Introduction

TR 37.901 is a Technical Report for the Application Layer Data Throughput Study Item [1]. It specifies data throughput tests for both WCDMA and test systems in static scenarios.

During the last two RAN5 meetings it has been discussed what is the proper noise level simulating interference coming from other cells in application layer high data rate throughput tests. 20 dB SNR value has been proposed for both WCDMA and LTE tests, but also there has been requirements to remove this extra noise source completely from the tests.
The current TR 37.901 has brackets around 20 dB value indicating that this issue still needs further studies. In some tables TR 37.901 states this more clearly since two options are given: “static or no interference”.
This paper briefly summaries the justifications for both SNR options based on discussions in previous RAN5 meeting to give the better overview for this topic. 
In this document we present more detailed analysis on the impact of test system’s EVM value on UE performance in test cases having a little noise or no noise at all. Based on the EVM analysis we propose different options for the way forward for RAN5 approval.

2. Justifications for the noise level in high data rate test cases
In previous RAN5 meetings following justifications have been given for having a SNR 20 dB for the noise level instead of noise free conditions (infinite SNR) in application layer data throughput tests in static one-path propagation conditions:

1. In real live networks there exists always some level of noise coming from other cells, thus infinite SNR is not a realistic use case
2. GCF has requested RAN5 to use as realistic use cases as possible thus there should always be some level of noise in the application data throughput tests

3. RAN4 has investigated that in real life >20 dB conditions take place extremely seldom, thus the 20 dB is a good choice for the SNR level

4. SNR value should match with the values used in 3GPP tests

5. Infinite SNR test conditions set new and unnecessary demanding SNR requirements for UE’s RF parts that are higher than any other minimum requirements specified by 3GPP.
6. There is a risk that infinite SNR is testing more a transmitter capability (EVM) of the test system than the UE’s capability to handle high data rates in application layers.
On the other hand, the noise free conditions have been justified using the following arguments:

1. The purpose of TR37.901 is also to have test cases which reveal whether UE can achieve the highest possible throughput in noise free conditions
2. If UE is extremely close to Node B, then the noise coming from the other cells is also very low and higher than 20 dB SNR is possible also in real networks.

3. To check that upper layers do not limit the maximum achievable L1 throughput

4. Operators want infinite SNR value test case

3. Impact of test system’s EVM on UE application layer throughput performance 
The Error Vector Magnitude (EVM) is a measure of the difference between the reference waveform and the measured waveform. When RAN4 has specified 3GPP minimum requirements for UE HSDPA througput it has assumed that test system EVM is 6 %.
There is a equation between the SNR and EVM and it is given below:

SNR = 10*LOG10(1/EVM^2),                   where EVM is given as a ratio between 0 and 1

Thus the 6% EVM corresponds to 24.4 dB SNR. It means that the SNR of the received signal is already limited to 24.4 dB by the transmitter of the test system and it is not possible even for an ideal UE with infinite SNR to receive big TrCH block sizes with 64QAM modulation error free in case such a signal requires higher than 24.4 dB SNR. Also the noise due to EVM is summed up with the UE internal noise level and with the test case noise level thus making a test case the more demanding for a UE the higher the EVM of the test system is. 
The approach used by RAN4 is completely acceptable for RAN4 purposes since they have always assumed at most 18 dB SNR in their minimum requirements at WCDMA side, and in LTE side the most demanding test case is sustained data rate tests that require high SNR from UE, roughly about 22 dB. Furthermore, if a test system happens to have much better than 6% EVM then it just means that the tests become easier for UE to pass, and the test system never fails a good UE.
However, the aim of TR 37.901 is not to develop minimum UE requirements but to develop test procedures for operators so that they can measure UE application layer data throughput capabilities and compare the results from different UEs measured at different test systems. When target SNR increases beyond RAN4 scenarios, especially if no interference test point is chosen, then the EVM starts to dominate and makes comparisons of test results from one system to another challenging.
The Figure 1 shows the impact of test system’s EVM on UE performance in application layer data throughput tests for four different scenario: 1) No interference exists in the test case, 2) Test case SNR is limited to 24 dB using extra noise source, 3) Test case SNR is limited to 22 and 4) Test case SNR is limited to 20 dB. The performance degradation of UE is calculated as a difference between the UE SNR + TC SNR and the UE SNR + TC SNR + EVM SNR. 
[image: image1.emf]0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8 8.5 9 9.5 10

UE Performance Loss due to EVM [dB]

Test System's EVM Value [%]

Impact on Test System's EVM on UE performance assuming UE SNR 27 dB

TC SNR infinite (No interference) Test case SNR 24 dB Test case SNR 22 dB Test case SNR 20 dB


Figure 1: Impact of test system’s EVM on UE performance having 27 dB SNR
It can be seen from the figure that when test system barely fulfils the RAN4 EVM assumption (6%) it degrades UE performance by 4.5 dB if “no interference” scenario is used in the test. On the other hand, if another test system has much better EVM like 1 % then the UE gets 4 dB better performance in such a test system compared to performance in a test system having 6 % EVM. 
Table 1 summarizes some key values from the Figure 1 by showing how much UE performance degrades at certain EVM levels. This table can be also used to evaluate how much test results may vary from one test system to another test system in case test systems have different EVM capability.

Table 1: Summary of impact of test system’s EVM on UE performance having 27 dB SNR
	Signal to Noise Ratio
	Performance impact on UE

	
	EVM 8%
	EVM 6%

(3GPP assumption)
	EVM 4%
	EVM 2%
	EVM 1%

	SNR infinite
	6.2 dB
	4.5 dB
	2.6 dB
	0.8 dB
	0.2 dB

	SNR 24 dB
	3.2 dB
	2.0 dB
	1.0 dB
	0.3 dB
	0.1 dB

	SNR 22 dB
	2.5 dB
	1.6 dB
	0.8 dB
	0.2 dB
	0.1 dB

	SNR 20 dB
	1.9 dB
	1.1 dB
	0.5 dB
	0.1 dB
	0.0 dB


Thus the Figure 1 and Table 1 show that in case of “No Interference” scenario the test system’s EVM easily dominates the UE performance and it becomes very challenging to judge whether UE fails the operator’s throughput requirements due to bad UE SNR performance or due to test system cannot have any better EVM than 3GPP has assumed.
On the other hand Table 1 shows that when test case contains extra noise source having 24 dB SNR the impact of EVM on UE performance is at low level if the test system can have EVM 4% or better. In addition it can also be concluded that when test system can achieve EVM 1% then its impact on UE performance is insignificant for all SNR scenarios including infinite SNR case.
This analysis indicates that if application layer data throughput results are used to compare the performance of different UEs, as has been the desire of GCF planning to use these tests, the impact of test system EVM on throughput results should be taken into account, especially if RAN5 chooses to adopt noise free test conditions for WCDMA and LTE application layer data throughput tests. Alternatively, SNR should be limited in a test case with additional noise source to some reasonable level where EVM does not have significant impact on test results.
4. Conclusions

In this document we have explained how test system’s EVM affects to UE performance in conditions that contain a little noise or no noise at all. We have demonstrated that test system EVM becomes easily the dominating factor in UE performance in test scenarios having no interference

As a way forward we propose that RAN5 considers following options for the way forward, and chooses the one, which suits best for its purposes taking into account test system practical EVM capabilities.
1) No interference option is chosen for high data rate application layer throughput tests. A note will be added into TR 37.901 stating that test system EVM has a significant impact on comparing the test results from one test system to another unless test system’s EVM is better than 2%. In case test system cannot fulfil the 2% EVM requirement, it is recommended that the impact of test system EVM is analysed carefully before comparing test results from one test system to another.
2) SNR is set to 24 dB in high data rate application layer throughput tests. A note will be added into TR 37.901 stating that that test system EVM has a significant impact on comparing the test results from one test system to another unless test system EVM is better than 4%. In case test system cannot fulfil the 4% EVM requirement, it is recommended that the impact of test system EVM is analysed carefully before comparing test results from one test system to another.
3) SNR is set to 20 dB in high data rate application layer throughput tests. A note will be added into TR 37.901 stating that that test system EVM has a significant impact on comparing the test results from one test system to another unless test system EVM is better than 6%. In case test system cannot fulfil the 6% EVM requirement, it is recommended that the impact of test system EVM is analysed carefully before comparing test results from one test system to another.

Our preference is to choose the 2nd option for the way forward since it is a compromise between the original 20 dB and no interference option. Furthermore we assume that all test systems can meet the 4% EVM requirement so that operators do not need to evaluate EVM impact on test results when comparing test results from one test system to another. 
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