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Introduction
During the drafting of the TPs for the test models in subclause 4.9.2.2 of TS 38.141-1 [2] and TS 38.141-2 [3], the description of the EVM measurements in subclauses 6.5.2.3 and 9.6.2.3 of TS 38.104 was modified in [1]. After some offline discussion and review of TS 38.104, some minor modifications are proposed in an accompanying draft CR [5].
Discussion
Measurements
The subclauses 6.5.2.3 and 9.6.2.3 of TS 38.104 [4] mix both slots and subframes. While subframe is a valid term, the proper unit is slot. It is noted that with 15 kHz, the duration of a slot and a subframe is the same. The text change is to replace “subframe” with “slot” in subclauses 6.5.2.3 and 9.6.2.3.1 so that the correct time unit is used.
Proposal 1: Replace “subframe” with “slot” in subclauses 6.5.2.3 and 9.6.2.3.1
Flexible slots
For downlink FR1 slots, the locations of the DMRS are symbols 2 and 11. For downlink FR2 slots, the location of the DMRS is symbol 2, and the locations of the PT-RS symbols are 3, 7, and 11. 
There are several issues with the measurements:
· There are several types of flexible slots described in the test models
· A flexible slot begins with downlink symbols. The slot is either {sequence of downlink symbols, sequence of flexible symbols} or {sequence of downlink symbols, sequence of flexible symbols, sequence of uplink symbols}
· A flexible slot begins with flexible symbols. The slot is {sequence of flexible symbols, sequence of uplink symbols}
· To avoid measurements being performed on a flexible slot beginning with flexible symbols a restriction is captured using the sentence “EVM measurements start on the third symbol of a slot (l=2) when the first symbol of that slot is a downlink symbol.”
· However, the number of downlink symbols in a flexible slot vary as a function of numerology and specification, as indicated in Table 1.
[bookmark: _Ref536782271]Table 1. Reference symbol locations
	Test
	Frequency
	SCS (kHz)
	Number of downlink symbols in a flexible slot
	DMRS symbol location, (0 based)
	PTRS symbol location, (0 based)

	NR
	FR1
	15
	10
	2, 9
	N/A

	NR
	FR1
	30
	6
	2
	N/A

	NR
	FR1
	60
	12
	2, 9
	N/A

	NR
	FR2
	60
	10
	2
	3, 7

	NR
	FR2
	120
	6
	2
	3

	MSR
	FR1
	15
	10
	2, 9
	N/A

	MSR
	FR1
	30
	6
	2
	N/A

	MSR
	FR1
	60
	12
	2, 9
	N/A



Several observations:
Observation 1: With 30 kHz SCS, there is only one reference symbol available in the flexible slot.
Observation 2: With 60 kHz SCS (FR2), there are only two PT-RS symbols available in the flexible slot.
Observation 3: With 120 kHz SCS (FR2), there is only PT-RS symbol available in the flexible slot.
One question is whether EVM measurement should be allowed on flexible slots?
· If yes, what is the minimum number of reference symbols allowed? If yes, how should the specification be written?
· If no, how should the specification be written?
· If unsure, leave the specification as is
For the “no” case, a possible text proposal is 
EVM measurements start on the third symbol of a downlink slot (l=2).
For the “yes” case and for FR1
· If one reference symbol is sufficient, then no change is needed.
· If two reference symbols are needed, then a possible text proposal to avoid measurements on the 30 kHz flexible slot is
EVM measurements start on the third symbol of a slot (l=2) when the first symbol of that slot is a downlink symbol and when the number of downlink symbols of that slot is greater than 7.
For the “yes” case and for FR2
· If two reference symbols are sufficient, then no change is needed.
· If three reference symbols are needed, then a possible text proposal to avoid measurements on the 120 kHz flexible slot is
EVM measurements start on the third symbol of a slot (l=2) when the first symbol of that slot is a downlink symbol and when the number of downlink symbols of that slot is greater than 7.
Proposal 2: Clarification of the number of reference symbols in a flexible slot is needed for EVM measurements in the test models
If two reference symbols and three reference symbols are sufficient for FR1 and FR2, then 
EVM measurements start on the third symbol of a slot (l=2) when the first symbol of that slot is a downlink symbol and when the number of downlink symbols of that slot is greater than 7.
Reference signal density
As stated in the previous section, the DMRS density and PTRS density was provided for downlink slots. One question is whether the performance should be clarified to include requirements about the DMRS density. Since the test models are used for base station declaration, no additional statement is needed. In addition with the decisions for when EVM measurements are made (in the previous section), the decisions imply the minimum density.
Conclusion
This contribution clarifies several aspects of the EVM frame structure.
Proposal 1: Replace “subframe” with “slot” in subclauses 6.5.2.3 and 9.6.2.3.1
For the flexible slot, the following observations were made:
Observation 1: With 30 kHz SCS, there is only one reference symbol available in the flexible slot.
Observation 2: With 60 kHz SCS (FR2), there are only two PT-RS symbols available in the flexible slot.
Observation 3: With 120 kHz SCS (FR2), there is only PT-RS symbol available in the flexible slot.
Because certain numerologies have a reduced number of 
Proposal 2: Clarification of the number of reference symbols in a flexible slot is needed for EVM measurements in the test models
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Appendix
Subclauses 6.5.2.2, 6.5.2.3, 9.6.2.2, and 9.6.2.3 are presented from 
[bookmark: _Toc535320601]6.5.2.2	Minimum Requirement for BS type 1-C and BS type 1-H
For BS type 1-C and 1-H, the EVM levels of each NR carrier for different modulation schemes on PDSCH outlined in table 6.5.2.2-1 shall be met using the frame structure described in subclause 6.5.2.3.
Table 6.5.2.2-1: EVM requirements for BS type 1-C and BS type 1-H carrier
	Modulation scheme for PDSCH
	Required EVM

	QPSK
	17.5 %

	16QAM
	12.5 %

	64QAM
	8 %

	256QAM
	3.5 %



[bookmark: _Toc535320602]6.5.2.3	EVM frame structure for measurement
EVM shall be evaluated for each NR carrier over all allocated resource blocks and downlink subframes. Different modulation schemes listed in table 6.5.2.2-1 shall be considered for rank 1.
For NR, for all bandwidths, the EVM measurement shall be performed for each NR carrier over all allocated resource blocks and downlink subframes within 10 ms measurement periods. The boundaries of the EVM measurement periods need not be aligned with radio frame boundaries.
[bookmark: _Hlk530131394]EVM measurements start on the third symbol of a slot (l=2) when the first symbol of that slot is a downlink symbol.
[bookmark: _Toc535320766][bookmark: _Hlk497671816]9.6.2.3	Minimum Requirement for BS type 2-O
For BS type 2-O, the EVM levels of each NR carrier for different modulation schemes on PDSCH outlined in table 9.6.2.3-1 shall be met, following the EVM frame structure described in subclause 9.6.2.3.1.
Table 9.6.2.3-1: EVM requirements for BS type 2-O carrier
	Modulation scheme for PDSCH
	Required EVM (%)

	QPSK
	17.5 

	16QAM
	12.5 

	64QAM
	8 



[bookmark: _Toc535320767]9.6.2.3.1	EVM frame structure for measurement
EVM requirements shall apply for each NR carrier over all allocated resource blocks. Different modulation schemes listed in table 9.6.2.3-1 shall be considered for rank 1.
For NR, for all bandwidths, the EVM measurement shall be performed for each NR carrier over all allocated resource blocks and downlink subframes within 10 ms measurement periods. The boundaries of the EVM measurement periods need not be aligned with radio frame boundaries.
EVM measurements start on the third symbol of a slot (l=2) when the first symbol of that slot is a downlink symbol.


