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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 and TS 38.141-2 the description of the EVM measurements in subclauses 6.5.2.3 and 9.6.2.3 of TS 38.104 was modified in [7]. In RAN4#90, contributions about clarifying EVM measurements were provided for reference signals and slots / subframes for TS 38.104 [1] [2]. However, considering that 38.104 is a core spec, no changes were agreed for clarifying procedures. This contribution discusses how to modify 38.104.
Discussion
[bookmark: _Ref7464053]Background
It was generally agreed that the core spec contains procedural elements. The appendix lists the change history and contributions.
The current specification for subclause 6.5.2.3 of TS 38.104 is
[6.5.2.1] Modulation quality is defined by the difference between the measured carrier signal and a reference signal. Modulation quality can e.g. be expressed as Error Vector Magnitude (EVM). The Error Vector Magnitude is a measure of the difference between the ideal symbols and the measured symbols after the equalization. This difference is called the error vector. Details about how the EVM is determined are specified in Annex B.
[…]
[6.5.2.2] 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.
[…]
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.
EVM measurements start on the third symbol of a slot (l=2) when the first symbol of that slot is a downlink symbol.
The current specification for subclause 9.6.2.3.1 of TS 38.104 is
[9.6.2.1] Modulation quality is defined by the difference between the measured carrier signal and a reference signal. Modulation quality can e.g. be expressed as Error Vector Magnitude (EVM). Details about how the EVM is determined are specified in Annex B for FR1 and Annex C for FR2.
[…]
[9.6.2.3] 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.
[…]
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.
The issue is the core spec contains elements of procedure. The question is how to modify the core spec to remove procedural elements.
[bookmark: _Ref7464057]LTE Specification
From 36.104 subclause 6.5.2
The Error Vector Magnitude is a measure of the difference between the ideal symbols and the measured symbols after the equalization. This difference is called the error vector. The equaliser parameters are estimated as defined in Annex E. The EVM result is defined as the square root of the ratio of the mean error vector power to the mean reference power expressed in percent.
For E-UTRA, for all bandwidths, the EVM measurement shall be performed for each E-UTRA carrier over all allocated resource blocks and downlink subframes within 10ms measurement periods for subframe TTI, and over all allocated resource blocks and downlink sTTIs within 10ms measurement periods for sTTI. The boundaries of the EVM measurement periods need not be aligned with radio frame boundaries. The EVM value is then calculated as the mean square root of the measured values. The EVM of each E-UTRA carrier for different modulation schemes on PDSCH or sPDSCH shall be better than the limits in table 6.5.2-1:
Comparison
Comparing the LTE and NR specifications using a color code: yellow for EVM definition, blue for the measurement period, and gray for modulation in sections 2.1 and 2.2.
Examining each sentence:
Observation 1: The sentence “EVM shall be evaluated for each NR carrier over all allocated resource blocks and downlink subframes” is redundant and appears in the next paragraph.
The next remaining sentence is 
Observation 2: The sentence “Different modulation schemes listed in table 6.5.2.2-1 shall be considered for rank 1” is partially present in the preceding subclauses. The “rank 1” is not present in earlier subclauses.
The last remaining sentence indicates when measurements can begin and when the first symbol of the slot is downlink. It is meant to exclude slots whose first symbol is flexible or uplink.
Observation 3: 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” is procedural.
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. 
Proposal 1: Replace “subframe” with “slot” as needed
Approach for core specification
The following text captures a possible change for the core specification.
Proposal 2: capture the core specification as indicated.

[bookmark: _Toc5279599]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 slots 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: _Toc5279764]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 slots 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.

Approach for measurement specification
The aspects of “rank 1” and starting symbols for measurements belong in 38.141-1 / 38.141-2.

Conclusion
This contribution compared the core specification from 38.104 and 36.104. The differences between the two standards indicate:
Observation 1: The sentence “EVM shall be evaluated for each NR carrier over all allocated resource blocks and downlink subframes” is redundant and appears in the next paragraph.
Observation 2: The sentence “Different modulation schemes listed in table 6.5.2.2-1 shall be considered for rank 1” is partially present in the preceding subclauses. The “rank 1” is not present in earlier subclauses.
Observation 3: 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” is procedural.
One change needed is
Proposal 1: Replace “subframe” with “slot” as needed
This contribution provides TP to make 38.104 resemble 36.104.
Proposal 2: capture the core specification as indicated.
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Appendix
A1. NR specification
The update history of TS 38.104 subclause 6.5.2 is given in Table 1.
[bookmark: _Ref7459570]Table 1. CR history for EVM FR1
	Meeting
	Document
	Update

	84bis
	R4-1711950
	The EVM levels outlined in Table 6.5.1.1-1 shall be met using the following reference signal patterns.  Specifics such as grid density etc. are FFS.
Table 6.5.1.1-1 EVM requirements for FR1 carrier.

	85
	R4-1714316
	EVM shall be evaluated for each NR carrier over all allocated resource blocks and downlink subframes and with RS density configuration of DM-RS of comb 2 (every other subcarrier) in symbol 3 and 11.  Different modulation schemes listed in table 6.5.2.1-1 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 10ms measurement periods. The boundaries of the EVM measurement periods need not be aligned with radio frame boundaries.

	86
	R4-1803328
	Minor edits

	88bis
	R4-1816733
	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.
EVM measurements start on the third symbol of a slot (l=2) when the first symbol of that slot is a downlink symbol.



Table 2 shows the change history for FR2.
[bookmark: _Ref7459601]Table 2. CR history for EVM FR2
	Meeting
	Document
	Update

	
	R4-1714319
	EVM requirements shall apply for each NR carrier over all allocated resource blocks and downlink 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 6.5.2.2-1 shall be considered for rank 1.

	88
	R4-1811584
	[…]
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.

	88bis
	R4-1816733
	EVM requirements shall apply for each NR carrier over all allocated resource blocks and downlink sub frames. 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.



A2. TDocs requesting change
There have been several documents requesting changes to subclauses 6.5.2.3 and 9.6.2.3.1.
Table 3. TDocs requesting change
	Meeting
	Contribution
	Clause
	Type of change

	90B
	R4-1904629
	6.5.2.3, 9.6.2.3.1
	Add: Note: The EVM requirements apply to a minimum DM-RS and PT-RS density as well as the relative DM-RS and PT-RS power given by TS 38.141-2 [6] table 4.9.2.2-3.

	
	R4-1904204
	6.5.2.3, 9.6.2.3.1
	Remove: EVM measurements start on the third symbol of a slot (l=2) when the first symbol of that slot is a downlink symbol.

	90
	R4-1901326
	6.5.2.3, 9.6.2.3.1
	Modify: EVM measurements start on the second symbol of a slot (l=1) when the first symbol of that slot is a downlink symbol.
Add: Note: The EVM requirements apply to a minimum RS density given by TS 38.141-1 table 4.9.2.2-3.

	
	R4-1901553
	6.5.2.3, 9.6.2.3.1
	Modify: 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 exceeds 7.




