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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]. In tRAN4#90, contributions about clarifying EVM measurements were provided for reference signals and slots / subframes for TS 38.104 [5] [6]. However, considering that 38.104 is a core spec, no changes were agreed for clarifying procedures. This contribution discusses EVM measurement procedures for 38.141-1 and 38.141-2 and a clean up of 38.104.
Discussion
Background
With the generic slot structure in NR, there are 314 (4,782,969) possible formats for 14 symbols of types flexible, downlink, and uplink. When the common TDD configuration is used (which is followed for the test models), the number of slot formats with the pattern (md consecutive downlink, mf consecutive flexible, and mu consecutive uplink) symbols where md+mf+mu=14 is given by

When N=14, there are 120 possible formats. Among the formats are {all downlink symbols}, {some downlink, some flexible}, {some downlink, some uplink}, {some downlink, some flexible, some uplink}, {some flexible, some uplink}, and {all uplink} formats. EVM measurements are performed on {all downlink}, {some downlink, some flexible}, and {some downlink, some flexible, some uplink}. The format {some downlink, some uplink} is not used because switching time is needed. There N+1 formats of type {some flexible, some uplink} and {all uplink} are not used for EVM testing. To exclude these formats for testing, a slot restriction described in section 2.2 specifies using slot formats whose the first symbol is downlink.
[bookmark: _Ref3801350]Slot restrictions
Subclauses 6.5.2.3 and 9.6.2.3 of TS 38.104 [4] capture a restriction when EVM measurements can occur.
EVM measurements start on the third symbol of a slot (l=2) when the first symbol of that slot is a downlink symbol.
The “when” clause excludes EVM measurements on slot formats whose first symbol is not a downlink symbol. The statement also indicated that the first two symbols of that slot are not used for EVM measurements. Because the statement is procedural, it is proposed to remove the sentence from the 38.104 spec. 
Proposal 1: Remove “EVM measurements start …” sentence from subclauses 6.5.2.3 and 9.6.2.3 of TS 38.104 because the sentence is describing EVM procedures.
A minor point that is not captured above is that if the slot format has only two downlink symbols, an EVM measurement should not be performed. The next section discusses that.
DM-RS
In the test models, the number of symbols for DM-RS is based on the field dmrs-AdditionalPosition, and the location of the DM-RS symbols is determined according to table 7.4.1.1.2-3 of 38.211. In general, one DM-RS is present when the number of downlink symbols is at least 3.
For FR1, the value of field is set to 1. Using the table, the second DM-RS symbol is present when the number of downlink symbols is at least 8. Note that for FR2 although the value of field is set to 0, the combination of 1 DM-RS and 3 PT-RS symbols are sufficient.
In [5], an analysis of TDD formats for the test models showed which slot formats have the same number of reference symbols as a downlink slot. That table is copied here.
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	Test
	Frequency
	SCS (kHz)
	Number of downlink symbols in a flexible slot
	DM-RS symbol location, (0 based)
	PT-RS symbol location, (0 based)

	NR
	FR1
	-
	14
	2, 11
	N/A

	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
	-
	14
	2
	3, 7, 11

	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



For FR1, based on the cited table in 38.211, 2 DM-RS symbols are present for the 15 kHz and 60 kHz SCS. To ensure that EVM measurements can occur on TDD slot formats of sufficient downlink symbols, the follow statement can capture the restriction.
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: Add a restriction for the EVM measurement procedure to perform measurements where there are enough DM-RS symbols.
For FR2, if three PT-RS symbols are needed for EVM measurements, then slots with fewer than 12 downlink symbols should not be measured. This will affect both the special slots for 60 and 120 kHz SCS. If two PT-RS symbols are adequate, then the EVM on the special slot for 60 kHz SCS can be measured. The statement above can also be used.
Proposal 3: Determine the minimum number of PT-RS symbols needed for EVM measurements.
Otherwise a restriction can like above can be made for OTA tests.
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 [x].
Subframes and slots
The EVM measurement procedure uses the time unit of 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. For example, for NR, what is meant by downlink “subframe”? With FR2, there are 4 slots per ms for 60 kHz SCS. However, the TDD pattern is defined for 1.25 ms with 3 downlink slots and 1 uplink slot. There are no downlink subframes. 
Proposal 4: Replace “subframe” with “slot” as needed
Conclusion
This contribution discussed TDD considerations for EVM measurements and where to place restrictions. First is a cleanup of the core spec.
Proposal 1: Remove “EVM measurements start …” sentence from subclauses 6.5.2.3 and 9.6.2.3 of TS 38.104 because the sentence is describing EVM procedures.
The remaining proposals propose adding restrictions also based on the number of downlink symbols in a slot. It is suggested to place these restrictions in 38.141-1/-2 as described in the appendix.
Proposal 2: Add a restriction for the EVM measurement procedure to perform measurements where there are enough DM-RS symbols.
Proposal 3: Determine the minimum number of PT-RS symbols needed for EVM measurements.
Proposal 4: Replace “subframe” with “slot” as needed
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Appendix
Appendix A: 38.141-1
[bookmark: _Toc535441888]****************************** BEGIN ***************************
6.5.3.5	Test requirements
The EVM of each NR carrier for different modulation schemes on PDSCH shall be less than the limits in table 6.5.3.5-1.
Table 6.5.3.5-1 EVM requirements for BS type 1-C and BS type 1-H
	Modulation scheme for PDSCH
	Required EVM (%)

	QPSK
	18.5 %

	16QAM
	13.5 %

	64QAM
	9 %

	256QAM
	4.5 %



EVM shall be evaluated for each NR carrier over all allocated resource blocks and downlink slots of subframes and with RS density configuration of DM-RS of comb 2 (every other subcarrier) in slot formats with two DM-RS symbols 3 and 11. Different modulation schemes listed in table 6.5.3.5-1 shall be considered for rank 1.
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 NR, for all bandwidths, the EVM measurement shall be performed for each NR carrier over all allocated resource blocks and downlink slots of subframes within 10 ms measurement periods. The boundaries of the EVM measurement periods need not be aligned with radio frame boundaries.
Table 6.5.3.5-2, 6.5.3.5-3, 6.5.3.5-4 below specify the EVM window length (W) for normal CP for BS type 1-C and BS type 1-H.
****************************** END ***************************

Appendix B: 38.141-2
****************************** BEGIN ***************************
[bookmark: _Toc535442298]6.6.3.5.1	BS type 1-O
For BS type 1-O, the EVM of each NR carrier for different modulation schemes on PDSCH shall be less than the limits in table 6.6.3.5.1-1.
Table 6.6.3.5.1-1: EVM requirements for BS type 1-O
	Modulation scheme for PDSCH
	Required EVM (%)

	QPSK
	18.5 

	16QAM
	13.5 

	64QAM
	9 

	256QAM
	4.5 



EVM shall be evaluated for each NR carrier over all allocated resource blocks and downlink slots of subframes and with RS density configuration of DM-RS of comb 2 (every other subcarrier) in slot formats with two DM-RS symbols 3 and 11. Different modulation schemes listed in table 6.6.3.5.1-1 shall be considered for rank 1.
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 NR, for all bandwidths, the EVM measurement shall be performed for each NR carrier over all allocated resource blocks and downlink slots of subframes within 10 ms measurement periods. The boundaries of the EVM measurement periods need not be aligned with radio frame boundaries.
Table 6.6.3.5.1-2, 6.6.3.5.1-3, 6.6.3.5.1-4 below specify the EVM window length (W) for normal CP for BS type 1-O.

****************************** END ***************************
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6.6.3.5.2	BS type 2-O
For BS type 2-O, the EVM of each NR carrier for different modulation schemes on PDSCH shall be less than the limits in table 6.4.3.5.2-1.
Table 6.6.3.5.2-1: EVM requirements for BS type 2-O
	Modulation scheme for PDSCH
	Required EVM (%)

	QPSK
	18.5 

	16QAM
	13.5 

	64QAM
	9 



EVM requirements shall apply for each NR carrier over all allocated resource blocks and downlink slots of sub frames and with RS density configuration of DM-RS of comb 2 (every other subcarrier) in symbol 3. PT-RS should be configured for localized setting for every fourth symbol for every second RB. Different modulation schemes listed in table 6.6.3.5.2-1 shall be considered for rank 1.
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 [11].
For NR, for all bandwidths, the EVM measurement shall be performed for each NR carrier over all allocated resource blocks and downlink slots of subframes within 10 ms measurement periods. The boundaries of the EVM measurement periods need not be aligned with radio frame boundaries.
Table 6.6.3.5.2-2 and 6.6.3.5.2-3 below specify the EVM window length (W) for normal CP for BS type 2-O.
****************************** END ***************************
Appendix C: 38.104
[bookmark: _Toc535320602]****************************** BEGIN ***************************
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.
****************************** END ***************************
****************************** BEGIN ***************************
[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.
****************************** END ***************************


