3GPP TSG-RAN WG5 Meeting #73                                                              R5-168572
Reno, USA, 14-18 November, 2016
Agenda Item:
5.3.5.6
Source: 
Huawei
Title: 
Further discussion on Tx EVM in UE performance tests with 256QAM
Document for:
Approval
1 Introduction

At RAN5#67, an LS [1] was received from RAN4 highlighting the issue with Tx EVM in the process of developing RAN4 requirements.
RAN4 would like to inform RAN5 that Tx EVM has been considered within the simulation assumptions to derive all the UE performance requirements for 256 QAM  defined in Chapter 8 and 9 in 36.101 as 3%.

At RAN5#69, a discussion paper [2] was submitted to discuss this issue. Although no specific way forward was reached, the following proposal 1 was endorsed:
Proposal 1: To agree that there is a mismatch between RAN4 simulation assumptions as informed in LS to RAN5 [1] and RAN5 demodulation test cases for 256QAM added at RAN5#69 with regard to the TX EVM as follows.

RAN4: Performance requirements defined under the assumption of 3% TX EVM

RAN5: The resulting impact of the above assumption on the RAN5 test settings or requirements has not yet been fully analyzed and is under investigation.

However, in recent meetings, no more discussions were submitted regarding this issue. In this contribution, the impact of Tx EVM difference in RAN4 and RAN5 were evaluated and some analysis was provided compared to [2]. 
2 Discussion
Slightly different observation:

In [2], it was pointed out that there is a mismatch of RAN4 simulation assumption and RAN5 test testtings regarding Tx EVM setting.The existing UE performance requirements for 256QAM use a 3% Tx EVM in RAN4 simuliation while RAN5 didn’t consider this yet. The following proposal 1 were agreed:

Proposal 1: To agree that there is a mismatch between RAN4 simulation assumptions as informed in LS to RAN5 [1] and RAN5 demodulation test cases for 256QAM added at RAN5#69 with regard to the TX EVM as follows.

RAN4: Performance requirements defined under the assumption of 3% TX EVM

RAN5: The resulting impact of the above assumption on the RAN5 test settings or requirements has not yet been fully analyzed and is under investigation.

There are two observations were provided in [2] as following:

Observation 1: The mismatching on Tx EVM between RAN4 and RAN5 could lead to performance difference up to 2~3dB.

Observation 2: The biggest mismatch occurs in test cases with higher order modulation due to requiring a high SNR

Table 1 SNR impact with different Tx EVM under static condition

	SNR with ideal transmitter
	SNR in simulation assumption (with 6% EVM as RAN4 assumption)
	Real Test system EVM [%]
	Real SNR in tests considering EVM [dB]
	SNR difference from simulation assumption [dB]

	25
	-21,70
	1
	-24,86
	3,17

	25
	-21,70
	2
	-24,48
	2,78

	25
	-21,70
	3
	-23,91
	2,21

	25
	-21,70
	6
	-21,70
	0,00


After some analyisis, it was found that the performance difference  introduced by the Tx EVM mismatch may not be as large as 2~3dB and observation 1 may not be precise for 256QAM. The current discussion scope is purely for 256QAM and legacy cases such as QPSK/16QAM were not included. 
The previous analysis as in [2] are still using original data from RAN4 discussion [3] which use Tx EVM 6% as the main reference point. A silightly revised data sheet were provided in following Table 2, the main reference point was changed to 3% EVM which is inline with RAN4 LS for 256QAM. In addition, another issue is SNR point should be larger than 0dB and this is also been fixed. 
Table 2 SNR impact with different Tx EVM under static condition (Revised version)
	SNR with ideal transmitter
	SNR in simulation assumption (with 3% EVM as RAN4 assumption for 256QAM)
	Real Test system EVM [%]
	Real SNR in tests considering EVM [dB]
	SNR difference from simulation assumption [dB]

	25
	23.91
	0 (Ideal)
	25 (Ideal)
	1.09

	25
	23.91
	1
	24.86
	0.95

	25
	23.91
	2
	24.48
	0.57

	25
	23.91
	3
	23.91
	0

	25
	23.91
	6
	21.70
	-2.21


It can be seen that for for SNR = 25dB, the SNR difference from simulation assumption did not exceed 1dB for Test system EVM 1%~3%. It is only in the case that when test system EVM equals 6%, a 2.21dB difference were observed. So as long as TE could control the Tx EVM do not exceed 3% which corresponds to RAN4 assumption, the performance difference can generally be cotrolled within 1dB which is considerably lower than originally observed 2~3dB.
For lower SNR smaller than 25dB, the difference would be smaller which is inline with previsous observation.
Options anlysis:

In [2] a total of 4 options were provided:

Option 1: Do nothing

Problems: 

a) A UE that has 3 dB worse performace than the RAN4 intended minimum requirement can pass the test.

b) A compliant UE can fail the test if the inherent TE EVM is higher than in the simulation assumptions.

Option 2: Add requirement in annex F on TE EVM (upper limit)

This solves problem b in option 1, but it does not solve the main problem (problem a)

Option 3: Model EVM as in HSPA with a noise floor at -30 dB (3% EVM equivalent) for 256QAM demodulation test cases.


This solves problem a in option 1, but not problem b

Option 4: Require test equipment to have exactly 3% EVM for 256QAM demodulation test cases

This solves both problem a and b, but could be complex to handle in the TE since it needs to balance two parts, 1) Inherent EVM in transmitter 2) Additional simulated impairments. The TE has control over (can adjust) part 2, but not part 1.

Among them option4 was already regarded as not acceptable for TE implemation. Option 3 is proposed in [2] and somehow align with some HSPA cases. However, our understanding is that this option 3 would consume all the margin for Tx EVM left for test system and it would actually corresponds to a 0% TE Tx EVM implementation.
For option 1, we think that for the two problems mentioned, based on new anlsyis with Tx EVM 3%, the first one should be changed to:

a) A UE that has 1 dB worse performace than the RAN4 intended minimum requirement can pass the test.

It is clear that this was not as serious as originally proposed.
In addition problems b) can only happen when TE implementation is much worse than RAN4 assumption. We think it is not reasonable since RAN4’s assupmptions are generally considering real BS deployment and TE should do better in these basic RF parameters. Even in early RAN4’s discussion there is TE vendor already expressed those requiremts had been considered in TE implementation.
Based on these analysis, it is believed that the problems in “Option 1: Do nothing” is not that serious as originally proposed and it might be safe and easy to use it, considering the difficulties of other solutions 
In addition, if TE vendors think it is agreeable, add requirement for TE EVM as option 2 may also be acceptable from our point of view. However if TE vendors can confirm they had considered this then it may not be necessary to be write down in the spec since the spec are not desighed for TE. 

3 Conclusion
In this contribution, the impact of Tx EVM difference in RAN4 and RAN5 were evaluated and some analysis were provided compared to [2].  The following proposal was provided:
Proposal: It is proposed that “Do nothing” option be used for this RAN4/5 Tx EVM mismation problem for 256QAM.
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