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Introduction
An ongoing discussion proposing UE to report its RF transient power time mask performance parameters for each supported band of operation via UE signaling capabilities has been discussed at several meetings [1]. In this contribution, we first present a summary of the Release 15 conformance tests on the aspects of RF transients and EVM. Then, we present some practical use cases that may lead to challenging uplink system performance scenarios, and propose different options to discuss testability aspects of UE RF transient performance. This is considered a key critical step prior to discussing introducing a new UE signaling capability on RF transients performance.
Discussion
Release 16 Transmit ON/OFF Time Masks and Error Vector Magnitude (EVM) Conformance Test Status
In NR specifications, the pass/fail criteria related to RF impairments such as RF transients in the uplink are tested completely separately for Transmit ON/OFF time masks and EVM.

On one hand, transmit ON/OFF time masks test cases rely solely on RF transmit power measurements to make a pass/fail judgment on UE conformity. In these test cases, the Resource Blocks (RB) and Modulation and Coding Scheme (MCS) are maintained constant throughout the duration of the test. The UE output power is expected to reach a certain target power level within a range of specified values, and the UE transmit power is measured excluding the specified transient period respective to each test cases over a long averaging time. 
The following RAN4 core requirements are tested in conformance tests in FR1 [2]:
· General ON/OFF time mask
· PRACH time mask
· SRS time mask with:
· Single SRS time mask
· Consecutive SRS time mask for the case when no power change is required
· Consecutive SRS time mask for the case when power change is required and when 15 kHz and 30 kHz SCS is used in FR1
· Consecutive SRS time mask for the case when power change is required and when 60 kHz SCS is used in FR1
· FR1 time mask for 15 kHz and 30 kHz SCS for the case when consecutive SRS switching usage is between antenna switching and other sets.
In FR2, the list is similar [3]:
· General ON/OFF time mask. 
· PRACH time mask
Note that it remains challenging to measure transmit OFF power in FR2, and that SRS time mask status is currently FFS.


It is also worth noting that the following RAN4 core requirements are considered “not-testable” today in both FR1 and FR2 [2,3]:
· Transmit power time mask for slot and short or subslot boundaries
· PUSCH-PUCCH and PUSCH-SRS time masks
· Transmit power time mask for consecutive slot or long subslot transmission and short subslot transmission boundaries
· Transmit power time mask for consecutive short subslot transmissions boundaries,
Quoting [2,3] “No test case details are specified. Current test procedures for time masks are based on power measurement in relatively long period compared with transient period. For time masks between 2 active time slots with different power level, the test procedure can’t provide enough resolution to identify non-conformant UEs. Therefore, the minimum requirement is not testable.”

On the other hand, EVM test cases are performed at constant UE transmit power, with constant RB and MCS allocations throughout the duration of the conformance test.

The impact of UE RF transients onto the modulated transmit signal quality is not covered in current specifications. More importantly, amongst all the use cases offered by the flexible NR air interface, the impact of RF transients onto short-subslot is considered not test-able as far as transmit power conformance is concerned, and is not covered when it comes to assessing the impact on transmit signal quality.
 
Observation 1: 
Status on “Transmit ON/OFF time masks” conformance tests:
· Several important output power dynamics RAN4 core requirements are considered not test-able, including the important PUCCH/PUSCH transitions, PUCCH/PUSCH SRS transitions, and long subslot to short subslot transitions.
· The test-able requirements do not consider the impact of the RF transient onto EVM performance, only RF transmit power level performance is used as pass/fail, and power measurements are performed by excluding the respective specified transient period of each test case,
Status on “EVM” conformance tests:
· EVM is tested at constant output power, and constant RB / MCS allocation
· The impact of RF transients onto EVM performance are not considered.


RF Transient Core Requirements vs. Practical Use Cases
This section presents a couple of practical use-cases that can be mapped directly to existing transmit ON/OFF time mask conformance test cases for which, today, only RF power measurements are considered as pass/fail, but for which the impact on signal quality is not measured and yet is key to guarantee good uplink system performance. 
As a reminder, the transmit power time mask defines the transient period(s) allowed
-	between transmit OFF power as defined in subclause 6.3.2 and transmit ON power symbols (transmit ON/OFF)
-	between continuous ON-power transmissions with power change or RB hopping is applied.
In case of RB hopping, transition period is shared symmetrically.
Unless otherwise stated the requirements in clause 6.5 apply also in transient periods.
In the following subclauses, following definitions apply:
-	A slot transmission is a Type A transmission.
-	A long subslot transmission is a Type B transmission with more than 2 symbols.
-	A short subslot transmission is a Type B transmission with 1 or 2 symbols.
It is worth noting that there are two types of transient periods:
· Transient periods which overlap two consecutive symbols, ie the period is centered at symbol boundaries. This is the case for example of PUCCH/PUSCH On to ON transitions. In this case, the RF transient is allowed to start anywhere within the period, ie. transient is allowed to start prior to symbol boundaries.
· Transient periods which fall entirely into 1 symbol. This is the case for example long subslot to short subslot time mask.
Observation 2: 
For transient periods centered at the boundaries of two consecutive symbols, the RF transient is allowed to start anywhere within this period, in particular RF transients are allowed to start prior to the symbol boundaries.

We consider only continuous ON-ON transmissions use cases where a power change is expected since these cases are most likely to trigger a significant RF transient response.
Use-case 1: PUCCH to PUSCH Type B Long Subslot Transition with Power Change
Figure 1 below illustrates an example of FR1 100MHz CBW SCS 30 kHz transition from a PUCCH format 2 (assumes no intra-slot RB hopping) 2 symbol long transmission to a PUSCH Type B long subslot, 10 symbol long MCS 16 (64QAM) 273 RB cdmGroup 2 transmission.
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Figure 1:FR1 PUCCH Format 2, 2 symbol long (22bits), 16 RB without intra-slot RB hopping to PUSCH Type B 273 RB SCS 30 kHz 64 QAM cdmGroup2 example transition 




Observation 3: In use-case 1
· In FR1, for SCS 30 and 60 kHz, the CP of PUSCH OFDM Symbol (OS) #0 (1st OFDM symbol) is entirely impacted by this FR1 10 us transient period,
· 15% and 30% of PUSCH OS #0 is lost @ SCS 30/60 kHz respectively,
· OS#0 carries DMRS. The degradation of DMRS might have an impact on synchronization,
This raises a few questions: 
· What is the impact of this RF transient onto 1st OS DMRS EVM / demodulation performance if transient starts at slot boundaries?
· If transient starts 5us prior to slot boundaries and lasts the entire duration of the allowed transient period, what is the impact of PUCCH OS #13 and PUSCH OS#0 EVM performance?

Note that for this use-case:
· A transmit power step up of approximately 22.2 dB is expected at OS#13 slot 1 / OS#0 slot 2 boundaries. The estimation assumes 0.3 dB SNR and 10.2 dB to demodulate PUCCH and PUSCH MCS16 respectively based on [4]. This use case therefore justifies the need to analyse the impact of RF transients.
· Problem is also applicable to FR2 SCS 120kHz.

Use-case 3: PUSCH Short Subslot to Long Subslot Transition with Power Change
Figure 2 below shows an example of FR1 100MHz CBW SCS 30 kHz transition from a PUSCH short subslot MCS 16 (64 QAM) 2 symbol long transmission to a PUSCH long subslot MCS 2 (QPSK) 6 symbols long transmission.
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Figure 2: FR1 PUSCH Type B short subslot 2 symbol long 273 RB 256 QAM to PUSCH type long subslot 6 symbol long 50 RB QPSK transition with power change



Observation 4: in use-case 2
· The entire FR1 10 us transient period falls into PUSCH OS #2 which carries DMRS, therefore an impact on UL synchronization may occur,
· For all SCS, the CP of PUSCH OS#2 is entirely impacted by the allowed transient duration,
· 30% and 60% of PUSCH OS #2 lost @ SCS 30/60 kHz respectively,
This raises a few questions:
· Considering the impact at 60 kHz, should symbol blanking be considered for OS#2?
· What is the impact of this RF transient onto OS#2 DMRS EVM / demodulation performance if transient starts at the boundary of OS#1 / OS#2 ?

For this use-case, a transmit power step down of approximately -20.3 dB is expected at OS#1 / OS#2 boundaries. This estimation assumes a 10.1 dB SNR for MCS 16 and -2.8 dB SNR for MCS 2 based on [4].

0. Use-case 3: PUSCH Type B Long Subslot to SRS to PUCCH Transition with Power Change

Figure 3 below shows an example of FR1 100MHz CBW SCS 30 kHz transition from a PUSCH long subslot MCS 16 (64 QAM) 11 symbol long transmission to same antenna port SRS wideband transmission over 272 RBs followed by SRS subband transmission over 16 RBs.
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Figure 3: FR1 PUSCH Type B long subslot 11 symbol long 50 RB MCS 16 (64 QAM) to SRS wideband 272 RB to SRS subband 16 RB transmission, no SRS antenna switching (ie same antenna port).
[bookmark: _GoBack]

Observation 5: in use-case 3
· The entire FR1 10 us transient falls into PUSCH OS #10 slot 1,
· 30% and 60% of PUSCH OS #10 lost @ SCS 30/60 kHz respectively,
This raises the following questions:
· Considering the impact at 60 kHz, should symbol blanking be considered?
· What is the impact of this RF transient onto OS#10 EVM / demodulation performance?

It is also worth noting:
· A minimum transmit power step up of approximately 7 dB is expected at OS#10 / OS#11 boundaries by taking to account only for equal PSD adjustments due to RB changes. This power step could be larger in the case of smaller PUSCH RB allocations. The SNR required to demodulate SRS is unknown at the time of writing.
· The situation is worse in the case of SRS antenna switching since the transient period is set to 15us into symbol #10,
· In this use-case, since the transient period is now entirely located within one symbol, the EVM of the impacted symbol will be degraded independently of the start position of the RF transient. As a reminder, the UE RF transient is allowed to last the whole duration of the transient period as shown in Figure 3. Finally, note that a UE with better transient performance than those currently specified will impact EVM performance of that symbol since the start location of the RF transient cannot be triggered so as to benefit from CP protection or from FFT window offset position. In other words, a UE with better transient period times than those specified may not necessarily solve these cases.

Observation 6: the case of SRS antenna switching to other antenna port “y” is a worst case since transient period is increased from 10 to 15us.

Observation 7: A UE with better transient period times than those specified may not necessarily solve use- cases where the transient period completely overlaps an OFDM symbol.


Testability Discussion
Proposal 1: Considering these observations, we believe that prior to discussing the introduction of a new UE signalling capability allowing a UE to report better transient time performance than those currently specified, that RAN 4 first studies how to resolve some of the challenges presented in this document. These studies are needed for Release 15.

UC 1,2,3 show that impact on UL demodulation performance should be considered to account for practical use cases, otherwise impact on uplink synchronization, user performance or cell coverage might not be guaranteed. Significant RF transients are expected due to the large power steps that may result from RB and MCS allocation changes.

UC 3 shows that even a UE with better than 10us RF transient time performance in FR1 cannot avoid EVM degradation on OS #10, 
Proposal 2: Since power is measured excluding the transient period for all On/Off time mask test cases, and since RF transients may be triggered at any position within the transient period, if EVM measurements are to be used as metric to evaluate impact on UL demodulation performance, i.e. to evaluate the impact on UL SNR performance, then EVM measurements should also benefit from an exclusion period.
Observation 8: EVM with exclusion period has been introduced in LTE. Note however that:
1. In LTE, the transient period is extended from the On/Off transient period of +- 10us centered at slot boundaries to + - 25 us, i.e. the exclusion zone for EVM measurement when power change occurs to RB size allocation change is increased from 20us to 50 us. If we were to port this concept to NR in FR1, this would mean that an EVM with exclusion period test would extend the transient period from 10us to 25us.
2. EVM with exclusion period is made possible with LTE DFT-S-OFDM waveforms. However, it is believed that this test methodology would be difficult to perform using CP-OFDM waveforms.

Conclusions
In this contribution we discussed the need to study the impact of RF transients onto signal quality. We observe that:
· ON/OFF time masks requirements are either not test-able, or when test-able, they only rely on the UE transmit power measurements using exclusion periods as a pass/fail criterion. 
· Reciprocally, transmit modulation quality conformance tests use EVM as pass/fail criterion but do not take RF transients into account since all tests are executed at constant transmit power levels where RB allocations and MCS remain constant throughout the duration of the test, 
· in many use On/OFF time mask requirements use-cases, large transmit power level changes are expected which may lead to a degradation of the uplink system performance. Yet the impact of these power changes onto signal modulation quality are not tested.
· A UE with better transient period times than those specified may not necessarily solve use- cases where the transient period completely overlaps an OFDM symbol


We therefore make the following proposals:

Proposal 1: Considering these observations, we believe that prior to discussing the introduction of a new UE signalling capability allowing a UE to report better transient time performance than those currently specified, that RAN 4 first studies how to resolve some of the challenges presented in this document. These studies are needed for Release 15.

Proposal 2: Since power is measured excluding the transient period for all ON/OFF time mask test cases, and since RF transients may be triggered at any position within the transient period, if EVM measurements are to be used as metric to evaluate impact on UL demodulation performance, i.e. to evaluate the impact on UL SNR performance, then EVM measurements should also benefit from an exclusion period.
About EVM with exclusion period conformance test, we observe that:
Observation 8: EVM with exclusion period has been introduced in LTE. Note however that:
1. In LTE, the transient period is extended from the ON/OFF transient period of +- 10us centered at slot boundaries to + - 25 us, i.e. the exclusion zone for EVM measurement when power change occurs to RB size allocation change is increased from 20us to 50 us. If we were to port this concept to NR in FR1, this would mean that an EVM with exclusion period test would extend the transient period from 10 us to 25us.
2. EVM with exclusion period is made possible with LTE DFT-S-OFDM waveforms. However, it is believed that this test methodology would be difficult to perform using CP-OFDM waveforms.
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