3GPP TSG-RAN4 WG4 Meeting # 94-e
R4-2001757
Electronic meeting, 24 Feb- 06 Mar, 2020

Source: 
Huawei, HiSilicon
Title: 
On transient period UE capability 
Agenda Item:
8.13.1.7
Document for:
Approval
1 Introduction
During RAN #86 meeting, transient period capability was discussed and the consensus was captured in the meeting minutes that “task for RAN4 to clarify testability by RAN #87”. 
In RAN4 #93 meeting, one test method was proposed by [1] with both average EVM on 1 slot and 1 OS, where the EVM requirement need some relaxation on 1OS.

In the last RAN4 meeting, we also provide simulation results that proves test inaccuracy on transient period capability with average EVM measurement.

This paper provides further analysis on transient period capability. 
2 Discussion
2.1 RMS EVM measurement with power change
2.1.1 one slot EVM measurement 
RMS EVM over 1 slot(then averaged on 10 slots) is proposed to use for transient period evaluation. Then it would be the case that transient period is within 1 symbol and the test will exclude the time window UE declares, then calculate EVM on the rest symbols. The case can be seen in Fig 1.
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Fig 1. RMS EVM over 10 subframes with exclusion window

It is obviously cannot reflect the real transient period happened in the first symbol, because the rest 139 symbols is enough to smooth the EVM deteriorate part. If the average results show 0us exclusion window already fulfil the EVM RF requirement, how could we judge the transient period of the UE, and we doubt whether gNB can utilize the transient period verification result to get the benefit they expects.

Observation 1: the RMS EVM over 1 slot with exclusion window cannot reflects the real transient period. This issue is also identified by most of companies which are interested in the topic.
2.1.2  first symbol RMS EVM
Before discussing on one symbol RMS EVM, we would like to look back on the EVM measurement procedure in the current spec.

In the current TS 38.101-1, EVM requirement is specified based on several measurement procedure summarized as below:
· Before measurement, the measured waveform is corrected by the sample timing offset and RF frequency offset

· Carrier leakage remove

· The measured waveform is equalized using the channel estimates

In which, equalizing procedure is defined in E.3.3 of TS 38.521-1, we captures the key points as below:

· The nominal demodulation reference symbols and nominal data symbols are used to equalize the measured data symbols.
· Measured data symbols and reference symbol( MS(f,t)
· Equalize the measured data symbols using the reference symbols for equalisation. Result: Equalized data symbols

· Decide for the nearest constellation point: Result: Nominal data symbols (NS(f,t)
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· Z’(f,t) = MS(f,t) . EC(f), it is used to calculate the EVM, but restricted to the data symbol
Observation 2: in the current spec, both RS symbol and data symbol are used for equalizing, and the equalizing result is used to calculate the EVM. 
Reference measurement channel is defined for EVM measurement in A.2 of TS 38.101-1, where DMRS positions are set to symbols 2,7,11, and DMRS is TDM’ed with PUSCH data. It means for channel estimates, TE can use 3 columns DMRS with interpolation which highly increase the accuracy on EC(f) estimation. This is also the design intention on the RMC. Under measurement environment, data symbols are also predictable, hence RAN5 also allow to use data symbols for equalizing that further increase the EVM measurement accuracy.
Observation 3: three columns DMRS in one slot is defined in the current RMC, which can increase EVM measurement accuracy much with DMRS interpolation. Data symbols are also used for equalizing which further increase EVM measurement accuracy.
In fact, different channel estimates method would have totally different EC(f) estimation accuracy, which will directly have impact on the EVM measurement results. Currently, even for RMS EVM, there are different channel estimates implementations for UE test which leads to inaccurate EVM result.
Observation 4: Even for RMS EVM measurement, different channel estimates implementations for UE test are allowed, which will lead to EVM measurement inaccuracy.
In the last RAN4 meeting discussion, considering the issue mentioned before, 1st symbol RMS EVM was proposed to reflect the real transient period. For this 1st symbol EVM, 3 additional conditions are also proposed:

· Exclusion window which includes all transient period would be excluded in the 1st symbol before measuring

· EVM window would not change

· EVM requirement Relaxation is needed for high order modulation on the first symbol

In our understanding, there are several problems unsolved or unexperienced in RAN4 and RAN5:
· How to define the channel estimates procedure with only the first symbol?

· Since RAN5 allows channel estimates with both data symbols and DMRS symbols, we are confident on the estimation accuracy that more OFDM symbols are averaged and the noise impact on estimation would be reduced. But with only one OFDM symbol, we don’t have any technical research and simulation/measurement data in 3GPP in the history. 
· If all symbols in the slot are used for equalizing, actually the first symbol EVM is already compensated by the other symbols without power change. It apparently cannot reflect the real transient period.

· Whether RMS EVM(even on 1 symbol) can represent transient period capability? Whether real-time EVM could be observed by the TE?
RMS EVM on one symbol actually cannot represent the real-time EVM on a certain time position. It also take average on the samples on the whole symbol. 
· EVM relaxation actually have impact on the performance of high order modulation

For 1st symbol EVM, it is proposed with relaxation for high order modulation 64QAM and 256QAM respectively, and the relaxation value is coming from some measurement results. However, RAN4 defines EVM requirement with system performance simulation, relaxation on EVM requirement would directly impact on the performance on high order modulation.

Observation 5: there are several problems on 1 OS EVM measurement unsolved or unexperienced in RAN4 and RAN5, no technical study is processed in the history.
Observation 6: Based on the EVM measurement procedure defined in the current RAN4 and RAN5 spec, RMS EVM on one OFDM is not supported.

Proposal 1: RAN4 agrees to lead a new WI in Rel-17 on defining EVM measurement processing procedure especially for one symbol RMS EVM.
2.2 Measurement analysis based on the test method provided by [1]
2.2.1 Testability on the proposed transient period value
In [1], transient period capability values are proposed as {1,2,4,7,10}us for FR1. 150% CP≈7.5us is considered as the boundary on EVM window length adoption. As shown in Fig 2, assuming transient period is symmetrically positioned across the boundary, then the half transient period would be 75% CP≈3.7us.It comes from EVM window length issue which is already define in the current spec. companies are consensuses on the truth that EVM window can not be changed from the spec otherwise it will impact the EVM measurement result. The reason we have explained in the last meeting [2].
Hence for transient period≤150% us and symmetrically positioned on the boundary, exclusion window always equal to L window or H window. We can further analyze that, for 1us transient period capability, half period would be 0.5us which is less than 3.75us. If we take EVM=min(EVML, EVMH), it means H window is adopted as the exclusion window which is actually equal to 3.6us. It means excluded with 3.6us window, this UE is verified as a 1us transient period capability UE. Similar with this case, assume UE indicates 2us transient period capability, actually the exclusion window is also 3.6us. the consequence is that we cannot differentiate UEs with different capability by the test method proposed by[1].
Additionally, for transient capability >150% CP, it is proposed as not tested. 

Observation 7: the test method proposed by [1] cannot differentiate UEs with different UE capability.
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Fig 2. Symmetrically positioned transient period is the testability precondition[1]
2.2.2 How to guarantee transient period is symmetrically positioned?

As proposed in [1], we cannot ignore that there is a precondition that “transient period is symmetrically positioned across the boundary”. The intention is that half test result*2 could represent the total transient period. However we are not sure how to guarantee this precondition is fulfilled.
if UE declares its transient period as 4us, and its real transient period ability is 8us, the UE could always place 2us on the leading part and place 6us on the lagging part. Such UE can easily pass the test using this solution. It can be seen in Fig 3.
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Fig 3. Such UE is verified as 4us transient period UE

Unfortunately, exclusion window on the lagging part will have big impact on gNB demodulation, since the gNB can do nothing for this data part especially for CP-OFDM.
Observation 8: there is no method to guarantee transient period is symmetrically positioned.

As discussed in the paper, we can see many testability problems unsolved for transient period capability or EVM with power change. If RAN4 agrees the new WI on detailing the EVM measurement procedure, transient period capability can be one objective of the new WI.

Proposal 2: If RAN4 agrees the new WI on detailing the EVM measurement procedure, defining transient period capability can be one objective of the new WI.

3 Conclusion

In this contribution we discussed on the open issues on transient period UE capability, according to the analysis, we have the following proposals:
Observation 1: the RMS EVM over 1 slot with exclusion window cannot reflects the real transient period. This issue is also identified by most of companies which are interested in the topic.
Observation 2: in the current spec, both RS symbol and data symbol are used for equalizing, and the equalizing result is used to calculate the EVM. 

Observation 3: three columns DMRS in one slot is defined in the current RMC, which can increase EVM measurement accuracy much with DMRS interpolation. Data symbols are also used for equalizing which further increase EVM measurement accuracy.

Observation 4: Even for RMS EVM measurement, different channel estimates implementations for UE test are allowed, which will lead to EVM measurement inaccuracy.

Observation 5: there are several problems on 1 OS EVM measurement unsolved or unexperienced in RAN4 and RAN5, no technical study is processed in the history.
Observation 6: Based on the EVM measurement procedure defined in the current RAN4 and RAN5 spec, RMS EVM on one OFDM is not supported.

Proposal 1: RAN4 agrees to lead a new WI in Rel-17 on defining EVM measurement processing procedure especially for one symbol RMS EVM.
Observation 7: the test method proposed by [1] cannot differentiate UEs with different UE capability.
Observation 8: there is no method to guarantee transient period is symmetrically positioned.

Proposal 2: If RAN4 agrees the new WI on detailing the EVM measurement procedure, defining transient period capability can be one objective of the new WI.
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