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Introduction
Annex F of 38.141-1 focuses on EVM. However, the annex uses terms related to LTE. In order to appropriate for NR, several changes are needed. In RAN4#90b, WF [1] captured some of the issues. This contribution examines those issues and proposes generic solutions.
Discussion
Background
The WF focused on 
· Example NRB Values:
· Decide on example NRB in RAN4#91 to be used throughout Annex F
· Number of DL frames in Averaged EVM calculation:
· An update to the Nframe equation can be used as follows: 
· Moving average window for EVM:
· Companies are encouraged to bring proposals for moving average window size next meeting.
· TDD EVM Measurements
· For flexible slot in TDD configuration, it is needed to be determined what flexible slots should be excluded from the EVM measurements due to insufficient PT-RS.
· The same number of measurement slots would need to be considered for measured average as some cases 10 slots of TDD is not equal to 10 ms measurement period.
· TS TX Power (RSTP) and OFDM Symbol TX power (OSTP)
· RB Definition
38.101-1 Modifications
Annex F in TS 38.101-1 was modified over the past meetings. The following table captures some of the modifications. Note that EVM is considered on PUSCH, PUCCH, and PRACH. In addition, two types of signals are considered (DFT-s-OFDM, CP-OFDM). However, the types of changes made can provide insight.
[bookmark: _Ref7518721]Table 1. Comparison to 38.101-1
	Item
	Spec
	Comment

	Example NRB values
	Listing of sampling rates
	Not used

	Number of DL frames
	Use number of slots (n=10 for 15 kHz SCS, …)
	

	Moving average
	
	Not used

	TDD 
	
	

	TS TX power
	
	

	RB definition
	
	

	Window
	Accounts for the longer CP in certain symbols
	



Observation 1: TS 38.101-1 Annex F provides some guidance for TS 38.141-1 Annex F, such as the example NRB values
Example NRB values
In TS 36.141 Annex F, an example using 100 RBs (20 MHz) was provided. It is unclear whether an example should be provided in 38.104. The possible approaches captured in the WID [1] are 
· Do not list any specific transmission bandwidth configurations and leave the text general to apply for all CBW/SCS
· Use the largest CBW supported for each SCS 
· Select the largest
· TS 38.141-1: 100MHz, 30kHz
· TS 38.141-2: 400MHz, 120kHz
Note that the sampling rates are provided in tables 6.5.3.5-2, 6.5.3.5-3, and 6.5.3.5-4. This is the approach that 38.101-1 uses. One aspect is clarify the location of the sampling point when the longer CP is encountered.
Proposal 1: One approach to avoid specifying an example is indicate how the tables (tables 6.5.3.5-2, 6.5.3.5-3, and 6.5.3.5-4) are used for EVM and how to account for the longer CP.
[bookmark: _Ref7594586]These options would not prevent enabling the specification; they just guide how to perform testing.
Number of DL frames in Averaged EVM calculation
The formula  captured in the WID [1] does produce the intended target of two frames. However, the formula is unclear with the relationship to parameters in table 4.9.2.2-1. After some analysis, the generic formula for the number of frames for TDD can be produced and is

For FR1, the periodicity is 5 ms. The resulting relationship of  is achieved after substituting appropriate values. However for FR2, the periodicity is 1.25 ms. In that case, the formula would be . Table 2 provides a listing of the values. 
Another approach is to measure 20 ms for TDD (10 ms for FDD) and then count the number of downlink slots. The number of slots is

where
[bookmark: _Ref7780032]Table 2. Generic formulas for number of slots
	Parameter
	FDD
	TDD
	Value for TDD FR1
	Value for TDD FR2

	
	1
	2
	
	

	
	10
	table 4.9.2.2-1 
	5 ms
	1.25 ms

	
	
	See table 4.9.2.2-1
	(3, 7, 14) for 15, 30, 60 kHz
	(3, 7) for 60, 120 kHz



An alternate approach, as described in 38.101-1, is to list the number of downlink slots needed such as

Among the approaches, the number of slots in the measurement duration is preferable. One reason is consistency: MSR uses 10 ms for FDD (20 ms for TDD) measurement duration. In addition, the TM use number of slots.
Proposal 2: The number of slots in the measurement period (10 ms / 20 ms), which is a function of TDD/FDD and numerology, should be used.
Moving average window
In LTE, the formula for averaging can be shown in Table 3. It captures the values in the figure.
[bookmark: _Ref7528671]Table 3 Averaging for LTE.
	Item
	Value

	Subcarrier location
	

	Averaging length L
	


	Bandwidth, kHz
	



Observation 2: the largest averaging bandwidth for LTE is 810 kHz (4.5 RBs)
In NR, there are many differences
· no CRS (only DM-RS)
· Every other subcarrier has a reference subcarrier
· Multiple numerologies
In addition the test models will introduce other issues due to the use of DM-RS
· 1 RB for TM2: maximum of 6 REs for DM-RS
· 2 RBs for RBG size = 2: maximum of 12 REs [power boosting]
· 3 RBs for filler PDSCH (spanning time): maximum of 18 REs
· 4 RBs for RBG size = 4: maximum of 24 REs [power boosting]
Following the formulas for LTE, the possible set of values for frequency domain windowing in NR is shown in Table 4.
[bookmark: _Ref7529247]Table 4 Averaging for NR, where µ=0, 1, 2 for 15, 30, 60 kHz
	Item
	Value

	Subcarrier location
	

	Averaging length L
	


	Bandwidth, kHz
	



If the same maximum windowing bandwidth as LTE is used (810 kHz with 15 kHz SCS), the value for L is 28 (29 since L should be odd). If the same value for the maximum window length in LTE is used (19), then with Lmax=19, the maximum windowing bandwidth is 540 kHz for 15 kHz SCS. 540 kHz corresponds to 3 RBs for 15 kHz.
Since the channel is static, using Lmax=19 should provide sufficient averaging and be similar to LTE. Note the bandwidth scales with the numerology.
Proposal 3: use a maximum of 19 taps for the windowing
TDD Evaluation
With the introduction of the filling of the remaining RBs in the first 2 symbols of a slot (option 10), there may be more PT-RS locations available for the RBs without PDCCH, as indicated in Figure 1. See Appendix A1 for the calculation of the locations of PT-RS.
	
	

	(a) Before option 10
	(b) After option 10


[bookmark: _Ref7518838]Figure 1. FR2 mapping (TM1.1). Yellow: PDCCH; Light gray: PDSCH nRNTI=0; Blue: DM-RS; Orange / Red: PT-RS; Dray Gray: PDSCH nRNTI=2; White: empty
Note that there is no change in the DM-RS locations for FR1 as shown in Figure 2 with option 10. The figure also shows the location of the second DM-RS for TDD.
	
	
	
	

	(a) Before option 10
	(b) After option 10. FDD and 13 DL symbols
	(c) After option 10. 8/9 DL symbols (TDD)
	(d) After option 10. 10-12 DL symbols (TDD)


[bookmark: _Ref7519683]Figure 2. FR1 mapping (TM1.1). Yellow: PDCCH; Light gray: PDSCH nRNTI=0; Blue: DM-RS; Dray Gray: PDSCH nRNTI=2; White: empty. 
One question of whether to use the special slots is the minimum number of slots needed for EVM measurements. Table 5 indicates the number of slots per 10 ms.
[bookmark: _Ref7520564][bookmark: _Ref7520559]Table 5. Number of DL slots in 10 ms.
	
	#slots per 10 ms
	#DL slots per 10 ms
	#special slot per 10 ms
	#DL symbol in special slot
	Percent slots for EVM measurement (lower range using DL slots, upper value using only DL slots and special slots)

	15 kHz, FR1
	10
	6
	1
	10
	60% - 70%

	30 kHz, FR1
	20
	14
	2
	6
	70% - 80%

	60 kHz, FR1
	40
	28
	4
	12
	70% - 80%

	60 kHz, FR2
	40
	24
	8
	10
	60% - 80%

	120 kHz, FR2
	80
	56
	8
	6
	70% - 80%



If EVM measurements span 20 ms for TDD, then there would be enough DL slots for EVM measurements when compared to 10 ms for FDD. The options are for TDD measurements:
· Skip special slots. Note that LTE appears to skip special slots.
· Include special slots regardless of the number of DL symbols
· Include special slots if the number of DL symbols greater than 2 (there is at least 1 DMRS)
· Include special slots if the number of DL symbols in special slot ≥ threshold
· For FR1: if the slot has less than 8 DL symbols, then there is only 1 DM-RS
· For FR2: if the slot has less than 11 symbols, then there is no PT-RS on symbol 10.
· Measure EVM only on PDSCH with a minimum of 2 (DM-RS + PT-RS) reference signals
The MSR consideration may favor measuring over 20 ms (TDD). Simple rules for measurements such as include special slots if the number of DL symbols greater than 2 (there is at least 1 DMRS) or skipping special slots are possible.
Proposal 4: For consistency with LTE, special slots should be skipped. 
RSTP / OSTP
In subclause 6.3.3.4.2 of 38.141-1, the test procedure for Total power dynamic range uses the “average OFDM symbol power”. As a result, a procedure to determine the average OFDM symbol power is needed. However, there are no requirements for reference signal power.
Observation 3: requirements for reference signal power are not specified.
Following 36.141, the procedure is
· Compute  with the FFT window timing 
· The resource element TX power (RETP) is then defined as

where l is the symbol number with  and  is number of symbols per slot, k is the resource element number with  and  is the number of subcarriers per resource block.
· From the RETP, the average OFDM symbol power for a symbol that contains exclusively PDSCH is derived as follows.

From the test model design, l can be 3, 4, 5, 7, 8, 9 where l=0 corresponding to the first symbol of the slot. l=6 and l=10 are excluded because it is the location of the PT-RS in FR2. For consistency with LTE, the fourth symbol (l=3) can be used for measurement.
· Averaging of the average OFDM symbol power is needed.
Proposal 5: The average OFDM symbol power is needed. The procedure in LTE can be reused with some modifications. 
[bookmark: _Ref7594677]RB pair …
In LTE, Annex F indicated when measurements occurred: if the number of REs in 1 RB equaled a value, then measurements were taken. For > 6 RBs, the value = 168 (14 sym *12) – 12 (PDCCH) – 6 (2 CRS * 3 sym) = 150 REs/RB. This value was also used as a criterion to avoid measuring PDSCH in the DwPTS and RBs containing SSB / PBCH.
In NR, the rules are slightly different for the test models.
· No SSB is used
· Shared channel can start symbol 0 or symbol 2
· PT-RS is present in FR2 test models.
Following the methodology of LTE and the design of NR test models, a summary of test models and available REs in given in Table 6. 
[bookmark: _Ref7606856]Table 6. Number of REs / RB carrying PDSCH.
Formula: # sym  # RE/RB/sym – (# sym with RS  #RE/RS)
	Test Model
	Starting Symbol
	RNTI=0
	RNTI=1
	RNTI=2

	TM1.1 FR1
	0
	14  12 - 26 = 156
	N/A
	N/A

	
	2
	12  12 - 26 = 132
	N/A
	12  12 - 26 = 132

	TM1.2 FR1
	0
	14  12 - 26 = 156
	14  12 - 26 = 156
	N/A

	
	2
	12  12 - 26 = 132
	12  12 - 26 = 132
	12  12 - 26 = 132

	TM2 FR1
	2
	N/A
	N/A
	12  12 - 26 = 132

	TM3.1 FR1
	See TM1.1 FR1
	
	
	

	TM3.2 FR1
	See TM1.2 FR1
	
	
	

	TM3.3 FR1
	See TM1.2 FR1
	
	
	

	TM1.1 FR2
	0
	14  12 - 46 = 144
	N/A
	N/A

	
	2
	12  12 - 36 = 126
	N/A
	12  12 - 36 = 126

	TM1.2 FR2
	2
	N/A
	N/A
	12  12 - 36 = 126

	TM3.1 FR2
	See TM1.1 FR2
	
	
	



From the table, a simple rule is based on one value is not evident. One possible rule is: EVM / power measurements start on third symbol of slot and is measured on PRBs with 132 REs carrying PDSCH for FR1 and 126 REs carrying PDSCH for FR2. The number of REs excludes PDSCH on the first two symbols of the slot.
Proposal 6: A rule for the number of resource elements carrying PDSCH in a resource block can be provided if FR1/FR2 is indicated as well as the starting symbol.
Conclusion
This contribution examines aspects of the WF. 
Observation 1: TS 38.101-1 Annex F provides some guidance for TS 38.141-1 Annex F, such as the example NRB values
For example size:
Proposal 1: One approach to avoid specifying an example is indicate how the tables (tables 6.5.3.5-2, 6.5.3.5-3, and 6.5.3.5-4) are used for EVM and how to account for the longer CP.
For the number of frames:
Proposal 2: The number of slots in the measurement period (10 ms / 20 ms), which is a function of TDD/FDD and numerology, should be used.
For windowing:
Observation 2: the largest averaging bandwidth for LTE is 810 kHz (4.5 RBs)
Proposal 3: use a maximum of 19 taps for the windowing
For RSTP / OSTP:
Observation 3: requirements for reference signal power are not specified.
Proposal 4: For consistency with LTE, special slots should be skipped. 
[bookmark: _GoBack]Proposal 5: The average OFDM symbol power is needed. The procedure in LTE can be reused with some modifications. 
For the number of REs/RB (related to other proposals):
Proposal 6: A rule for the number of resource elements carrying PDSCH in a resource block can be provided if FR1/FR2 is indicated as well as the starting symbol.
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Appendix
A1	Determination of PT-RS
Following the procedure in subclause 7.4.1.2.2 in TS 38.211: Table 7 and Table 8 indicate how to calculate the PT-RS locations assuming LPT-RS=4.
[bookmark: _Ref7518724]Table 7 (option 10) For PDSCH, nRNTI=2 and (pre-option 10) PDSCH
	Sym #
	l
	DM-RS
	PT-RS
	i
	lref
	
	

	0
	
	
	
	
	
	
	

	1
	
	
	
	
	
	
	

	2
	0
	X
	
	0
	0
	 = 0,…,0
	

	3
	1
	
	
	1
	0
	 = 1,…,4
	4

	4
	2
	
	
	
	
	
	

	5
	3
	
	
	
	
	
	

	6
	4
	
	x
	2
	0
	 = 5,…,8
	8

	7
	5
	
	
	
	
	
	

	8
	6
	
	
	
	
	
	

	9
	7
	
	
	
	
	
	

	10
	8
	
	x
	3
	0
	 = 9,…,12
	

	11
	9
	
	
	
	
	
	

	12
	10
	
	
	
	
	
	

	13
	11
	
	
	
	
	
	



[bookmark: _Ref7518725]Table 8. (option 10) For PDSCH, nRNTI=0
	Sym #
	l
	DM-RS
	PT-RS
	i
	lref
	
	

	0
	0
	
	x
	0
	0
	 = 0,…,0
	0

	1
	1
	
	
	1
	0
	 = 1,…,4
	

	2
	2
	x
	
	1
	2
	 = 3,…6
	6

	3
	3
	
	
	
	
	
	

	4
	4
	
	
	
	
	
	

	5
	5
	
	
	
	
	
	

	6
	6
	
	x
	2
	2
	 = 7,…,10
	10

	7
	7
	
	
	
	
	
	

	8
	8
	
	
	
	
	
	

	9
	9
	
	
	
	
	
	

	10
	10
	
	x
	3
	2
	 = 11,…,14
	

	11
	11
	
	
	
	
	
	

	12
	12
	
	
	
	
	
	

	13
	13
	
	
	
	
	
	





