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1 Introduction
UE transient period capability has been discussed for many meetings, the latest agreed WF [1] was during RAN4#92bis. Testability feasibility was discussed in RAN4#93, and a draft WF [2] was capturing conclusions. Also related CRs were proposed in RAN4#93 and RAN#86. But it was then agreed to clarify some technical details in RAN4#94 before re-considering the CRs.

In last RAN4#94e meeting, two companies brought points [6] they considered as not addressed, and even new additional items they considered as blocking issues to prove testability. The answers given during that meeting were not really taken into account by those companies, probably due to the format of such electronic meeting which might not be optimal to discuss such topic. Even if this was rediscussed again during last RAN#87e meeting, it was not possible to make any progress.

In this contribution, we are addressing clearly all the points brought during last RAN4#94e. 
2 Discussion 
2.1 List of potential issues
The following list is the exhaustive list of items captured in Moderator’s summary [5] in last RAN4#94e and given in last RAN#87e meeting by email related to UE transient capability discussion.
	1
	whether RMS EVM over 1 slot can represent the transient period capability
	6
	whether EVM=min(EVML, EVMH) can differentiate UE with different transient period ability

	2
	For RMS EVM over 1 slot, whether EVM measurement procedure on equalizing is clear for UE
	7
	whether RMS EVM with DFT-OFDM measurement similar with LTE can be tested for transient period 

	3
	For RMS EVM over 1 symbol, how to define EVM measurement procedure in the spec 
	8
	UL DL configuration

	4
	whether 20dB power change can represent the maximum power change in the network, if not, whether TE can provide the test condition for the maximum power change 
	9
	how to calculate EVM for symbols in which the transient occurs

	5
 
	How to ensure the transient period is symmetrically positioned?
	10
 
	EVM budget for symbol where the transient occurs
 


Table 1: List of open items raised by some companies

 Those items were considered to be blocking issues by some companies. 

We are addressing them one by one in the following sub-sections and demonstrate they are not an issue or they are not impacting testability conclusion.

2.1.1 Item 1: whether RMS EVM over 1 slot can represent the transient period capability
The question raised was if it would possible to test the transient value by evaluating RMS EVM impact over 1 slot, further averaged over 10 slots. 
This was already answered in previous RAN4 meetings and captured in [5]: we don’t think this is possible. That’s the reason why a new method was investigated by two companies who came with the compromised solution [2] of evaluating EVM impact over 1 symbol only. 
There is no reason so to discuss this further.
Observation 1: The transient value will not be tested by checking EVM impact over 1 slot. Item1 shall be closed.

2.1.2 Item 2: For RMS EVM over 1 slot, whether EVM measurement procedure on equalizing is clear for UE
As captured in [9], the concern expressed here is related to the equalization step in the EVM calculation procedure: TS 38.101-1 is not clearly specifying how equalization should be done. Comparison is also done with TS 38.104 where it’s explicitely detailed.
Such information is indeed missing in TS 38.101-1, but this is not related to the introduction of the transient capability. This remark is valid for the current version of TS 38.101-1 and could already be fixed now, without considering the new transient capability.

Then, when updating the annex F to further detail EVM evaluation over 1 symbol procedure, equalizer coefficients might also be updated if needed. But this is usual specification work and doesn’t impact the testability’s evaluation of the transient capability.

Observation 2: The equalizer coefficients in EVM procedure could be better specified in TS 38.101-1, as done in TS 38.104. If needed, they would be further adapted when describing EVM procedure for 1 symbol in Annex F. But this item2 is not an open issue to conclude on testability.
2.1.3 Item 3: For RMS EVM over 1 symbol, how to define EVM measurement procedure in the spec
The concern seems to be related to the EVM measurement, and how this should be described in the specifications. In last meeting, there was a proposal [7] to capture the EVM clarification for 1 symbol in a sub-clause of Annex F (F-8). 
This is a good proposal, such annex would further detail the exact procedure. This should be done while finalizing EVM requirement over 1 slot which contains the transient. But again this is further clarification that will not impact testability’s feasability. 
Observation 3: The clarifications related to EVM calculation procedure should be captured in TS 38.101 in a new Annex F.8. EVM calculation should be further detailed once the transient testability has been agreed. Item 3 is not an open issue to conclude on testability.

2.1.4 Item 4: whether 20dB power change can represent the maximum power change in the network, if not, whether TE can provide the test condition for the maximum power change
This issue was not mentioned in any contribution to last RAN4#94-e meeting but was surprisingly listed in the moderator’ summary ([5]). 
Anyway, the contribution [8] seems to mention that the power change range under real network could be up to 58dBm, while it was decided to select of 20dBm power step to test the transient capaiblity. But the power change mentioned in that contribution is considering power control procedure, comparing PUSCH P0 and PUCCH P0. Such power step would then be more applicable for OFF to ON transient period, but not for RB hopping transient period (the processing time to decode power control signalling should take more than a slot). 
As analyzed in [9], when RB hopping, the power change is ~20dB, which justifies the 20dB power step considered the transient capability.
Also, as captured in moderator’s summary ([5]), TEs have a limitation on the supported power dynamic range which should not exceed 20dB. This has to be taken into account when testing any feature. Many Rel-15 requirements are either not tested (e.g. some BS demodulation requirement) or tested with relaxed conditions (e.g. UE FR2 Off power, UE FR2 ACLR, …) due to the TE limitations, this without removing such requirements from the specifications, they are still supposed to be supported. 
Observation 4: The 20dB power step is the maximum power change for RB hopping. It’s then representative to test transient capability. Item 4 shall then be closed.

2.1.5 Item 5: How to ensure the transient period is symmetrically positioned?
The transient period (or transmit power time mask) which is specified in TS 38.101-1 (and TS 38.101-2) defines actually an exclusion period where the Tx requirements don’t apply. There is no description nor specification on how the transient signal should behaves in that exclusion period, the transient signal (in time domain) could be splitted symmetrically from the centre of this period (Figure 1, case A) or not (Figure 1, case B).
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Figure 1: Possible transient signal location in transient period
When this transient period (again, not the transient signal) is shared in between 2 consecutive symbols, it shall be shared symetrically as specified in clause 6.3.3 (TS 38.101-1).

The UE transient capability, as described in the proposed CR [4], is specified accordingly. The definition of the transient period is not changed, it still corresponds to an exclusion period where the Tx requirements don’t apply. And when it’s shared in between 2 consecutive symbols, it shall then also be shared symetrically in between those 2 symbols, as specified today.
The only difference in between the specified transient period and the new UE capability would be the time length of this period. 

Also, in [6], it was suggested that a UE vendor might “cheat” by declaring supporting a transient period of 4us while the real transient would be 8us. And then, to pass testing, the transient won’t be shared symetrically. From [6]:
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.

First, outside of the symetrically shared transient period, all Tx requirements are applicable. So, even if the transient signal is “leaking” outside the transient exclusion period, UE shall still fulfill all Tx/Rx requirements (as shown in Figure 2), this is mandatory. And so, there would not be any impact on BS side.
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Figure 2: Applicability of UE RF requirements vs transient signal location
Observation 5: The transient period specifies an exclusion period which is always, when shared, symetrically shared in between 2 consecutive symbols. If a transient signal is outside this transient period, all UE RF requirements are then applicable, meaning no impact on BS side. Item 5 shall be closed.
2.1.6 Item 6: whether EVM=min(EVML, EVMH) can differentiate UE with different transient period ability
It seems there are 2 topics behind this item. 
The first one is if we could test all different values of the declared transient period. Several contributions (e.g. [10]) showed this was indeed possible to test the proposed values for this new capability. 

The second topic is that, it’s porposed to test the different capability values using different SCS, and that UE might not support all SCS. There is a concern then that a UE might declare supporting a certain transient value while it doesn’t support the SCS that should be used to test that transient value. But this could be easily solved by mandating that a UE supporting a certain transient value shall also support the corresponding SCS used to test this transient value.

Observation 6: It has been demonstrated that the proposed method can test and check different transient values. If needed, support of transient capability values could be conditioned by supporting the SCS needed to test those values. Item 6 shall then be closed.
2.1.7 Item 7: whether RMS EVM with DFT-OFDM measurement similar with LTE can be tested for transient period
Again. this issue was not mentioned in any contribution to last RAN4#94-e meeting but was surprisingly listed in the moderator’ summary ([5]). 

Anyway, as mentioned in [8], it won’t be possible to test any transient capability higher than 3.525µs for DFT-s-OFDM reusing LTE procedure. But this is not the intention: test with DFT-s-OFDM shall only be done to verify the currently specified transient period (10µs). Any value greater than 150% of CP (~7µs) can’t be tested with the method proposed for CP-OFDM. 

Observation 7: For 10µs transient period, NR can re-use same procedure defined for RMS EVM with power change in LTE. Item 7 shall be closed.
2.1.8 Item 8: UL DL configuration
The UL/DL configuration shall be specified when testing the transient period capability for UE TDD configuration. But the choice of this configuration has no impact on the demonstration of the testability of this capability. It’s just a parameter that shall be defined, now or later as it doesn’t have any impact on the proposed method.
Contribution [7] proposed 2 patterns. None of those 2 patterns would impact the proposed method to test the transient capability. Moreover, it’s might be left up to RAN5 to select such pattern.
Observation 8: The choice of the UL/DL configuration can be done later, as it doesn’t impact testability of the transient capability. Item 6 is not blocking issue to conclude on testability. 
2.1.9 Item 9: how to calculate EVM for symbols in which the transient occurs
This has been explained in [2], in the proposed CR [4] and again capture in the moderator’s summary [5] in last e-meeting. It’s so difficult to understand how this should still be an issue. 
Observation 9: EVM calculation for EVM symbols in the transient occurs have been explained, there is no ambiguity remaining. Item 9 shall be closed.
2.1.10 Item 10: EVM budget for symbol where the transient occurs
The exact EVM budget remains an open item, that’s the reason why EVM values have been kept in “[]” in the CR [4]. But, as for the UL/DL configuration, the EVM values have no impact on testability’s feasability, they don’t influence any aspect of the proposed method. EVM budget is of course an important topic to agree on, and it shall be discussed as soon as the testability has been agreed.
Observation 10: The EVM budget shall be discussed and agreed as soon as the testability has been agreed, but it doesn’t have any kind of impact on transient testability.  
2.2 Summary
Following Table 2 is summarizing current status based on previous observations:
	1
	whether RMS EVM over 1 slot can represent the transient period capability
	Closed
	6
	whether EVM=min(EVML, EVMH) can differentiate UE with different transient period ability
	Closed

	2
	For RMS EVM over 1 slot, whether EVM measurement procedure on equalizing is clear for UE
	Not blocking to conclude on testability
	7
	whether RMS EVM with DFT-OFDM measurement similar with LTE can be tested for transient period 
	Closed

	3
	For RMS EVM over 1 symbol, how to define EVM measurement procedure in the spec 
	Not blocking to conclude on testability
	8
	UL DL configuration
	Not blocking to conclude on testability

	4
	whether 20dB power change can represent the maximum power change in the network, if not, whether TE can provide the test condition for the maximum power change 
	Closed
	9
	how to calculate EVM for symbols in which the transient occurs
	Closed

	5
 
	How to ensure the transient period is symmetrically positioned?
	Closed
	10
 
	EVM budget for symbol where the transient occurs
 
	Not blocking to conclude on testability


Table 2: Status of all items raised in RAN4#94-e and RAN#86-e 
Table 2 summarizes status of the list of items which were source of concerns: all items are either closed or not a blocking issue to conclude on transient capability’s testability. We could then make following proposal:

Proposal: There is no blocking issue to conclude on transient capability’s testability. RAN4 agrees on testability of the new transient capability. The status of all open items is captured in Table 2.
Following items should be further discussed to finalize introducing the transient capability:
· Elaborate Annex F to include EVM over one slot description (items 2 and 3).

· UL/DL configuration (item 8)

· EVM budget (item 10).

3 Conclusion
In this contribution, we have been through the exhausitve list of concerns raised during last RAN4#94-e meeting (and reported in last RAN#86-e), addressed all of them and made following observations:
Observation 1: The transient value will not be tested by checking EVM impact over 1 slot. Item1 shall be closed.

Observation 2: The equalizer coefficients in EVM procedure could be better specified in TS 38.101-1, as done in TS 38.104. If needed, they would be further adapted when describing EVM procedure for 1 symbol in Annex F. But this item2 is not an open issue to conclude on testability.
Observation 3: The clarifications related to EVM calculation procedure should be captured in TS 38.101 in a new Annex F.8. EVM calculation should be further detailed once the transient testability has been agreed. Item 3 is not an open issue to conclude on testability.

Observation 4: The 20dB power step is the maximum power change for any RB hopping. It’s then representative to test transient capability. Item 4 shall then be closed.

Observation 5: The transient period specifies an exclusion period which is always, when shared, symetrically shared in between 2 consecutive symbols. If a transient signal is outside this transient period, all UE RF requirements are then applicable, meaning no impact on BS side. Item 5 shall be closed.
Observation 6: It has been demonstrated that the proposed method can test and check different transient values. Support of transient capability values could be conditioned by supporting the SCS needed to test those values. Item 6 shall then be closed.

Observation 7: For 10µs transient period, NR can re-use same procedure defined for RMS EVM with power change in LTE. Item 7 shall be closed.

Observation 8: The choice of the UL/DL configuration can be done later as it doesn’t impact testability of the transient capability. Item 6 is not blocking issue to conclude on testability. 
Observation 9: EVM calculation for EVM symbols in the transient occurs have been explained, there is no ambiguity remaining. Item 9 shall be closed.

Observation 10: The EVM budget shall be discussed and agreed as soon as the testability has been agreed, but it doesn’t have any kind of impact on transient testability.  
And based on these observations, we made following proposal:
Proposal: There is no blocking issue to conclude on transient capability’s testability. RAN4 agrees on testability of the new transient capability. The status of all open items is captured in following table:
	1
	whether RMS EVM over 1 slot can represent the transient period capability
	Closed
	6
	whether EVM=min(EVML, EVMH) can differentiate UE with different transient period ability
	Closed

	2
	For RMS EVM over 1 slot, whether EVM measurement procedure on equalizing is clear for UE
	Not blocking to conclude on testability
	7
	whether RMS EVM with DFT-OFDM measurement similar with LTE can be tested for transient period 
	Closed

	3
	For RMS EVM over 1 symbol, how to define EVM measurement procedure in the spec 
	Not blocking to conclude on testability
	8
	UL DL configuration
	Not blocking to conclude on testability

	4
	whether 20dB power change can represent the maximum power change in the network, if not, whether TE can provide the test condition for the maximum power change 
	Closed
	9
	how to calculate EVM for symbols in which the transient occurs
	Closed

	5
 
	How to ensure the transient period is symmetrically positioned?
	Closed
	10
 
	EVM budget for symbol where the transient occurs
 
	Not blocking to conclude on testability


Table: Status of all items raised in RAN4#94-e and RAN#86-e 
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