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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The revisions of the EVM calculations and the completion of test model design may introduce procedural issues for measurement of the RE power control dynamic range and total power dynamic range. This contribution explains the issues and proposes possible solutions.
Discussion
Background
The latest text version of the annex for power is
From RETP, the OFDM symbol TX power (OSTP) is derived as follows:

Where the summation accumulates  values of the [4th] OFDM symbol. The [4th] (out of 14 OFDM symbols within a slot) contains exclusively PDSCH,.
The text has a square bracket for measurements. Clarification about RE power control calculation is provided.
Total power dynamic range
[bookmark: _GoBack]One test for both FR1 and FR2 is total power dynamic range. This involves measuring the power of full bandwidth transmissions vs. 1 RB transmissions. The current procedure is to measure the power of the entire symbols (those not containing any reference signals). 
TM3.1(a)
TM2(a)
PDCCH: QPSK 0 dB
RNTI=2 16/256 QAM 0 dB
PDSCH RNTI=0: 16/256 QAM 0 dB
PDSCH RNTI=2: 16/256 QAM 0 dB

[bookmark: _Ref15038299]Fig. 1. 18 RBs for TM3.1 and TM2: Green: PDCCH; Blue: symbols with PDSCH DMRS; Yellow: filler PDSCH
The following table captures the parameters for one example of the test. 
Table 1. RNTI for Fig. 1
	
	Red
	Yellow (filler)

	TM
	Mod.
	#RB
	RNTI
	Mod.
	#RB
	RNTI

	3.1
	16QAM
	NRB-3
	0
	16QAM
	3
	2

	2
	16QAM
	1
	2
	
	
	



Recall the RNTI indicates the starting symbol number for the shared channel. RNTI=2 is used for the filler PDSCH and the PDSCH for TM2.
One value for investigation is what symbol to measure power. There are several constraints to consider:
a) To support EVM measurements regardless of the TDD configuration
b) To keep the symbol number the same for each test model
c) To keep the conducted and OTA specifications the same
For the TDD configuration, the following table captures the number of downlink symbols in a flexible slot (from TS38.141-1 table 4.9.2.2-1, TS38.141-2 table 4.9.2.2-1)
Table 2. #DL symbols (“nrofDownlinkSymbols”) in special slot
	Frequency Range
	SCS (kHz)
	#DL symbols

	FR1
	15
	10

	
	30
	6

	
	60
	12

	FR2
	60
	10

	
	120
	6



For the table, the smallest number of downlink symbols in a flexible slot containing downlink symbols is 6.
Except for TM2, each test model is designed to have the same power on each symbol. For TM2, only symbols 2 and beyond are considered for measurements. Thus, another constraint is the starting symbol is 2 (0 based).
For FR1 and FR2 test models, symbol 2 always contain DMRS. For FR2, for TM1.1 / TM3.1, the PT-RS locations are located on symbols #0, #6 and #10. For TM2, the PT-RS locations are on #6 and #10.
Based on these observations, either symbols 3, 4, or 5 can be considered for power measurements. It is then acceptable to use the 4th symbol for the measurement.
Proposal 1: Remove the square brackets for the 4th symbol in the OSTP calculation.

RE power control dynamic range
The RE power control dynamic range is measured using TM1.2, TM3.2, and TM3.3 (for FR1). The following figure shows an example of the boosting patterns, RNTIs, power levels, and DMRS.
TM1.2
TM3.2
TM3.3
PDCCH: QPSK 0 dB
PDSCH RNTI=2: QPSK 0 dB
PDSCH RNTI=0: QPSK 3 dB
PDSCH RNTI=1: QPSK -4.73 dB
PDSCH RNTI=1: 16QAM -3 dB
PDSCH RNTI=0: QPSK 1.96 dB
PDSCH RNTI=1: QPSK -6 dB
PDSCH RNTI=0: 16QAM 1.76 dB

[bookmark: _Ref15036939]Fig. 2. Boosting levels and modulation for 18 RBs, TM1.2, TM3.2 and TM3.3. Green: PDCCH; Blue: PDSCH DMRS; Yellow: PDSCH QPSK, 0 dB. Gray: power balancing
[bookmark: _Ref10541481]Table 3. RNTI for Fig. 2
	
	Red
	Gray
	Yellow (filler)

	TM
	Mod.
	Boost level
	RNTI
	Mod.
	Boost level
	RNTI
	Mod.
	Boost level
	RNTI

	1.2
	QPSK
	3 dB
	0
	QPSK
	Balance
	1
	QPSK
	0 dB
	2

	3.2
	16QAM
	-3 dB
	1
	QPSK
	Balance
	0
	QPSK
	0 dB
	2

	3.3
	QPSK
	-6 dB
	1
	16QAM
	Balance
	0
	QPSK
	0 dB
	2



In LTE, the presence of CRS provided a reference for the boosted PDSCH. Since the boosting level of the PDSCH was in relation to the CRS, the difference between the power measurements of the CRS and boosted PDSCH could provide the RE power control dynamic range.
However, in NR, an alternate approach for determining the RE power control dynamic range is needed because the CRS is not present.
Some options are presented below.
1. Option 1: Compare the power of the (de)boosted RBs to the power of the PDCCH
For option 1, the EVM procedure generally excludes power measurements of the PDCCH. However, an implementation can use this (a total of 2 symbols  3 RB).
1. Option 2: measure boosted PDSCH and symbol power
Since the average power per symbol is the same, a power measurement of the PDSCH (red) with respect to the symbol can provide the RE power control dynamic range. 
The measurements can filter the (de)boosted RBs according to the RNTI to obtain a power measurement. In addition, the power of a symbol can be measured (see previous section). Then with some math, the (de)boosting level can be obtained. Let the power of the measured PRBs be denoted as  (in the linear domain) while the power of the measured symbol be denoted as  (in the linear domain). Using the terminology of clause 4.9.2.2.2 (or 4.9.2.2.7 or 4.9.2.2.8) in 38.141-1, the number of measured RBs is  while the number of RBs in a symbol is . Thus, the boosting level can be obtained by 

1. Option 3: measure boosted PDSCH and filler PDSCH
Since the filler PDSCH has no boosting, the difference between the power measurement of the filler PDSCH and boosted PDSCH (red) can provide the RE power control dynamic range. 
This option is similar to option 2 except that the power of 3 RBs of the filler PDSCH is used instead of the entire symbol. Let the power of the measured filler PRBs be denoted as  (in the linear domain) Thus, the boosting level can be obtained by 

One advantage of option 2 is that the power is averaged over more RBs.
Since the calculation involves known quantities, a specific manner to determine the RE power control dynamic range is implementation specific based on the RETP. As a result:
Proposal 2: The calculation for the RE power control dynamic range is implementation-specific based on the resource element power.
[bookmark: _Ref129681832]Conclusions
This contribution examined the RE dynamic range. Based on the following two observations for TDD and reference symbol, a recommendation for the measured symbol is provided
Proposal 1: Remove the square brackets for the 4th symbol in the OSTP calculation.
This contribution also examined the RE power control dynamic range calculation. 
Proposal 2: The calculation for the RE power control dynamic range is implementation-specific based on the resource element power.
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