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1.	Introduction
Discussions on the on-to-on transient period requirements in FR1 are continued for more than a year. Though the way forward was approved at the RAN4 #92bis in October [1], the group is still facing difficulties to align understandings of testability assumptions among companies regardless of the waveform, CP-OFDM or DFT-s-OFDM.  In this contribution we discuss further with issues which were pointed out in [2][5][6][7] and try to resolve these misalignment of understandings in the group.

2.	Discussion
2.1 Testability issues to evaluate shorter transient periods  
 At first we noticed the following issues pointed out in the previous contributions [2][5][6][7].
(1) The way to differentiate UE with different transient period ability.
(2) The way to ensure the transient period is symmetrically positioned.
(3) Clarification of equalization procedure. 
(4) How to calculate EVM for symbols in which the transient occurs
(5) For RMS EVM over 1 symbol, how to define EVM measurement procedure in the spec
 In this paper we would like to consider following test approaches and the way to define them in the specification to solve these indications. Some of the items still need further discussions to decide details.
(a) Time mask tests by signalled transient period in addition to the EVM measurement.
(b) Independent evaluation of EVM with only ramp up/down transient period in symbol based measurement
(c) Exclusion of full width of signalled transient period in symbol based EVM measurement for DTF-s-OFDM 
(d) Equalizing process only with DMRS.
(e) Exception of measurements with specific transient period conditions for symbol based EVM measurement.
(f) New annex in TS 38.101-1 to describe procedures for RMS EVM over 1 symbol.

2.2 Considerations on each testability issue  
 From this sub-clause we introduce our views from issue (1) to (5) above.
(1) The way to differentiate UE with different transient period ability.
As already pointed out in the previous contributions [4] and [5], we agree that it is not possible to differentiate UEs with different transient period ability such as 1s, 2s, 4s and 7s as far as it is located within the 150% CP length and also as long as we only use the EVM as a method to verify this feature. This applies for both waveforms of DFT-s-OFDM and CP-OFDM, and we think this is a limit of the EVM, i.e. min (EVM_l, EVM_h). Hence in a case if it is really necessary to differentiate the UEs depending on their transient periods, one of the considerable solution is to apply additional metric of power measurement, that is to change the existing time mask requirement as approach (a) above only when the transient period is signalled from UEs. By changing the width of mask from the default value (i.e. 10s for FR1) to the signalled transient period, we assume that we can verify and differentiate its performance by the combination of EVM and Time mask tests. 
Observation 1: To differentiate UEs with different transient period ability, time mask test by the signalled transient period can be the supplemental verification method.

(2) The way to ensure the transient period is symmetrically positioned. 
 This is just one idea, but approach (b) can be another supplemental solution for issue (1) and (2). However the effect of this approach still needs a further study.
Observation 2: Independent evaluation of EVM with only ramp up/down transient period in symbol based measurement can be a supplemental solution to ensure the transient period is symmetrically positioned. 
Observation 3: Necessity of the independent EVM tests with only rising edge or falling edge in symbol based measurement is FFS.
 In the previous way forward (which was not approved) [3], there was a description of symbol based EVM measurement as follows.
EVM in symbols where the transient occurs: EVM is averaged over [70] sub-frames
 If we apply the approach (b), description is slightly changed as follows.
EVM in symbols where the ramp up transient occurs: EVM is averaged over [70] sub-frames
and
EVM in symbols where the ramp down transient occurs: EVM is averaged over [70] sub-frames

 Approach (c) might be another solution against the issue (2). If the background of this concern is the EVM test result may be impacted due to the transient which exists at the slot boundary asymmetrically, exclusion of whole signalled transient period (instead of half of the signalled transient period) in symbol can remove the impact of transient period fully in the EVM calculation result. While this approach can guarantee that the impact of corresponding transient period is removed fully, this method can apply only to DFT-s-OFDM waveform.
Observation 4: Exclusion of data with full width of transient period instead of half width can remove the influence of transient period which is asymmetrically positioned. Note this can only be applied to DFT-s-OFDM waveform. 

 (3) Clarification of equalization procedure.
 The issue with the equalization procedure is explained in [2] and we agree that the impact of transient period in the symbol #0 and #13 can be seen in the EVM results depending on the method to derive equalization factor. As already mentioned in [2], there are currently two ways in the test equipment to derive the equalization factor, the way to use only DMRS or both DMRS and data symbols. To avoid the impact of transient period in the symbol #0 and #13 during the equalization procedure, the easiest way is to apply the approach (d), use only DMRS symbols since DMRS is allocated only at symbol #2, #7 and #11 in the NR slot and there should not be the transient period in those symbols. 
Observation 5: The way to use only DMRS symbols to derive equalization factor can remove the influence of transient period in the EVM measurement results.

(4) How to calculate EVM for symbols in which the transient occurs
 As explained in (3), the approach (d) should be applied also to the EVM for symbols in which the transient occurs to avoid the influence of transient period in the measurement result. In addition to the equalization procedure, whether to calculate EVM with symbols including only rising edge or falling edge should be clarified since it was not clear in the previously discussed WF [3]. Also as mentioned in (2) above, our suggestion is to measure EVM with only ramp up or ramp down transient independently.
Observation 6: It should be clarified whether to calculate EVM with the symbols including only rising edge, only falling edge, or both. Our suggestion is to measure EVM with only ramp up or ramp down transient independently.
There is another thing that we should figure out whether the measurement of EVM for symbols in which the transient occurs is necessary in every supported combination of transient period and sub-carrier spacing (SCS). As we discussed during #93 in November, when we apply the EVM window low (EVM_l) and high (EVM_h) same as the existing EVM measurement procedure, there is a case that the transient period does not fall either into the EVM_l nor EVM_h window depending on the SCS. For example, suppose the case SCS = 15 kHz and transient period is 1 or 2 s, the transient period should exist in front of the first EVM_l window in the symbol #0 or at the back of the last EVM_h in the symbol #13 if it exists symmetrically at the slot boundary. Since we cannot see the influence of transient period within those EVM measurement results, there is no meaning that we carry out the calculation with those symbols in that situation.
Table 2.2-1 shows the width from slot boundary to the first edge of EVM_l window for symbol #0. And Table 2.2-2 shows the width from edge of last EVM_h to slot boundary for symbol #13. Note that the CP length in symbol #0 and #13 is different based on the specification in TS 38.211 5.3.1 [10]. Below we extract the equations to derive CP length from TS 38.211. Here  is constant (64),  is supported transmission numerologies ( = 0 for 15 kHz SCS, 1 for 30 kHz, 2 for 60 kHz.) and l is the symbol number.

 
Table 2.2-1: Width from slot boundary to the 1st edge of EVM_l for Symbol #0
	SCS (kHz)
	CP length 
(s)
	Slot boundary to starting Edge of 1st EVM_l (s)

	15
	5.208
	1.693 (Note 1)

	30
	2.865
	1.107 (Note 1)

	60
	1.693
	0.814 (Note 2)

	Note 1: Transient period 1 and 2 s fall into this period if they are symmetrically located at the slot boundary.
Note 2: Transient period 1 s falls into this period if it is symmetrically located at the slot boundary.


Table 2.2-2: Width from edge of last EVM_h to slot boundary for symbol #13
	SCS (kHz)
	CP length 
(s)
	Edge of last EVM_h to slot boundary (s)

	15
	4.688
	1.172 (Note 1)

	30
	2.344
	0.586 (Note 2)

	60
	1.172
	0.293

	Note 1: Transient period 1 and 2 s fall into this period if they are symmetrically located at the slot boundary.
Note 2: Transient period 1 s falls into this period if it is symmetrically located at the slot boundary.


Observation 7: There are conditions with which the transient period cannot be included in the EVM measurement results. Approach (e) needs to be considered.

(5) For RMS EVM over 1 symbol, how to define EVM measurement procedure in the spec
 As we already proposed in the previous paper [8], we propose the approach (f) since currently TS 38.101-1 [9] has Annex F.6 where definitions of EVM calculation are clarified. Once we have established the common assumptions for on-to-on transient period, we can create the new annex and define them there.  
Observation 8: It is natural to create a new annex in TS 38.101-1 since there is already the corresponding annex F.6 in the spec to define EVM calculation procedures for slot basis.

 With these observations above, we would make a proposal to apply approach (a), (d), (e) and (f) above. Further discussion is needed whether to apply also (b) and (c).
Proposal 1:  Apply following approach (a), (d), (e) and (f). Necessity of (b) and (c) is FFS.
(a) Time mask tests by signalled transient period in addition to the EVM measurement.
(b) Independent evaluation of EVM with only ramp up/down transient period in symbol based measurement 
(c) Exclusion of full width of signalled transient period in symbol based EVM measurement for DTF-s-OFDM 
(d) Equalizing process only with DMRS.
(e) Exception of measurements with specific transient period conditions for symbol based EVM measurement.
(f) New annex in TS 38.101-1 to describe procedures for RMS EVM over 1 symbol.

3. Conclusion
In this contribution we introduced our views to the previously pointed out issues on the on-to-on transient tests.
Observation 1: To differentiate UEs with different transient period ability, time mask test by the signalled transient period can be the supplemental verification method.
Observation 2: Independent evaluation of EVM with only ramp up/down transient period in symbol based measurement can be a supplemental solution to ensure the transient period is symmetrically positioned. 
Observation 3: Necessity of the independent EVM tests with only rising edge or falling edge in symbol based measurement is FFS.
Observation 4: Exclusion of data with full width of transient period instead of half width can remove the influence of transient period which is asymmetrically positioned. Note this can only be applied to DFT-s-OFDM waveform. 
Observation 5: The way to use only DMRS symbols to derive equalization factor can remove the influence of transient period in the EVM measurement results.
Observation 6: It should be clarified whether to calculate EVM with the symbols including only rising edge, only falling edge, or both. Our suggestion is to measure EVM with only ramp up or ramp down transient independently.
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