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[bookmark: _Toc21102686][bookmark: _Toc29810535][bookmark: _Toc36635887][bookmark: _Toc37272833][bookmark: _Toc45885910][bookmark: _Toc53183016][bookmark: _Toc58915683][bookmark: _Toc58917864][bookmark: _Toc66693733][bookmark: _Toc74915685][bookmark: _Toc76114310][bookmark: _Toc76544196][bookmark: _Toc82536318][bookmark: _Toc89952611][bookmark: _Toc98766427][bookmark: _Toc99702790][bookmark: _Toc106206576][bookmark: _Toc115080578][bookmark: historyclause]6.6	OTA transmitted signal quality
[bookmark: _Toc21102687][bookmark: _Toc29810536][bookmark: _Toc36635888][bookmark: _Toc37272834][bookmark: _Toc45885911][bookmark: _Toc53183017][bookmark: _Toc58915684][bookmark: _Toc58917865][bookmark: _Toc66693734][bookmark: _Toc74915686][bookmark: _Toc76114311][bookmark: _Toc76544197][bookmark: _Toc82536319][bookmark: _Toc89952612][bookmark: _Toc98766428][bookmark: _Toc99702791][bookmark: _Toc106206577][bookmark: _Toc115080579]6.6.1	General
Unless otherwise stated, the requirements in clause 6.6 apply during the transmitter ON period.
[bookmark: _Toc21102688][bookmark: _Toc29810537][bookmark: _Toc36635889][bookmark: _Toc37272835][bookmark: _Toc45885912][bookmark: _Toc53183018][bookmark: _Toc58915685][bookmark: _Toc58917866][bookmark: _Toc66693735][bookmark: _Toc74915687][bookmark: _Toc76114312][bookmark: _Toc76544198][bookmark: _Toc82536320][bookmark: _Toc89952613][bookmark: _Toc98766429][bookmark: _Toc99702792][bookmark: _Toc106206578][bookmark: _Toc115080580]6.6.2	OTA frequency error
[bookmark: _Toc21102689][bookmark: _Toc29810538][bookmark: _Toc36635890][bookmark: _Toc37272836][bookmark: _Toc45885913][bookmark: _Toc53183019][bookmark: _Toc58915686][bookmark: _Toc58917867][bookmark: _Toc66693736][bookmark: _Toc74915688][bookmark: _Toc76114313][bookmark: _Toc76544199][bookmark: _Toc82536321][bookmark: _Toc89952614][bookmark: _Toc98766430][bookmark: _Toc99702793][bookmark: _Toc106206579][bookmark: _Toc115080581]6.6.2.1	Definition and applicability
OTA frequency error is the measure of the difference between the actual BS transmit frequency and the assigned frequency. The same source shall be used for RF frequency and data clock generation.
OTA frequency error requirement is defined as a directional requirement at the RIB and shall be met within the OTA coverage range.
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The minimum requirement for BS type 1-O is in TS 38.104 [2], clause 9.6.1.2.
The minimum requirement for BS type 2-O is in TS 38.104 [2], clause 9.6.1.3.
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The test purpose is to verify that OTA frequency error is within the limit specified by the minimum requirement.
[bookmark: _Toc21102692][bookmark: _Toc29810541][bookmark: _Toc36635893][bookmark: _Toc37272839][bookmark: _Toc45885916][bookmark: _Toc53183022][bookmark: _Toc58915689][bookmark: _Toc58917870][bookmark: _Toc66693739][bookmark: _Toc74915691][bookmark: _Toc76114316][bookmark: _Toc76544202][bookmark: _Toc82536324][bookmark: _Toc89952617][bookmark: _Toc98766433][bookmark: _Toc99702796][bookmark: _Toc106206582][bookmark: _Toc115080584]6.6.2.4	Method of test
Requirement is tested together with OTA modulation quality test, as described in clause 6.6.3.
[bookmark: _Toc21102693][bookmark: _Toc29810542][bookmark: _Toc36635894][bookmark: _Toc37272840][bookmark: _Toc45885917][bookmark: _Toc53183023][bookmark: _Toc58915690][bookmark: _Toc58917871][bookmark: _Toc66693740][bookmark: _Toc74915692][bookmark: _Toc76114317][bookmark: _Toc76544203][bookmark: _Toc82536325][bookmark: _Toc89952618][bookmark: _Toc98766434][bookmark: _Toc99702797][bookmark: _Toc106206583][bookmark: _Toc115080585]6.6.2.4.1	Initial conditions
Directions to be tested: OTA coverage range reference direction (D.35).
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The modulated carrier frequency of each NR carrier configured by the BS shall be accurate to within the accuracy range given in table 6.6.2.5-1 observed over 1 ms.
Table 6.6.2.5-1: OTA frequency error test requirement for BS type 1-O and BS type 2-O
	BS class
	Accuracy

	Wide Area BS
	±(0.05 ppm + 12 Hz)

	Medium Range BS
	±(0.1 ppm + 12 Hz)

	Local Area BS
	±(0.1 ppm + 12 Hz)



[bookmark: _Toc21102695][bookmark: _Toc29810544][bookmark: _Toc36635896][bookmark: _Toc37272842][bookmark: _Toc45885919][bookmark: _Toc53183025][bookmark: _Toc58915692][bookmark: _Toc58917873][bookmark: _Toc66693742][bookmark: _Toc74915694][bookmark: _Toc76114319][bookmark: _Toc76544205][bookmark: _Toc82536327][bookmark: _Toc89952620][bookmark: _Toc98766436][bookmark: _Toc99702799][bookmark: _Toc106206585][bookmark: _Toc115080587]6.6.3	OTA modulation quality
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OTA modulation quality is defined by the difference between the measured carrier signal and an idealsignal. 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.
OTA modulation quality requirement is defined as a directional requirement at the RIB and shall be met within the OTA coverage range.
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The minimum requirement for BS type 1-O, is in TS 38.104 [2], clause 9.6.2.2.
The minimum requirement for BS type 2-O, is in TS 38.104 [2], clause 9.6.2.3.
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The test purpose is to verify that OTA modulation quality is within the limit specified by the minimum requirement.
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Test environment: Normal; see annex B.2.
RF channels to be tested for single carrier:
-	B and T; see clause 4.9.1.
Base station RF bandwidth positions to be tested for multi-carrier and/or CA:
-	BRFBW and TRFBW in single-band operation, see clause 4.9.1;
-	BRFBW_T'RFBW and B'RFBW_TRFBW in multi-band operation, see clause 4.9.1.
Directions to be tested:
-	The OTA coverage range reference direction (D.35).
-	The OTA coverage range maximum directions (D.36).
Polarizations to be tested: For dual polarized systems the requirement shall be tested and met for both polarizations.
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1)	Place the BS at the positioner.
2)	Align the manufacturer declared coordinate system orientation (D.2) of the BS with the test system.
3)	Orient the positioner (and BS) in order that the direction to be tested aligns with the test antenna.
4)	Configure the beamforming settings of the BS according to the direction to be tested.
5)	Set the BS to output according to the applicable test configuration in clause 4.8 using the corresponding test models or set of physical channels in clause 4.9.2.
	For BS type 1-O declared to be capable of single carrier operation only, set the BS to transmit a signal according to:
-	NR-FR1-TM 3.1b if 1024QAM is supported by BS without power back off, or 
-	NR-FR1-TM 3.1b at manufacturer’s declaraed related output power if 1024QAM is supported by BS with power back off, and NR-FR1-TM3.1a if 256QAM is supported by BS without power back off, or
-	NR-FR1-TM 3.1b at manufacturer’s declared rated output power if 1024QAM is supported by BS with power back off. and NR-FR1-TM 3.1a at manufacturer’s declared rated output power if 256QAM is supported by BS with power back off, and NR-FR1-TM3.1 at maximum power, or
-	NR-FR1-TM 3.1a if 1024QAM is not supported by BS and 256 QAM is supported by BS without power back off, or
[bookmark: _Hlk530068684]-	NR-FR1-TM3.1a if 256QAM is supported by BS with power back off and 1024QAM is not supported, at manufacturer's declared rated output power (Prated,c,EIRP) and NR-FR1-TM3.1 at maximum power
-	or NR-FR1-TM3.1 if highest modulation order supported by BS is 64QAM
-	or NR-FR1-TM3.2 if highest modulation order supported by BS is 16QAM
-	or NR-FR1-TM3.3 if highest modulation order supported by BS is QPSK.
	For BS type 1-O declared to be capable of multi-carrier and/or CA operation, set the BS to transmit according to the applicable test signal configuration and corresponding power setting specified in clauses 4.7.2 and 4.8 using the corresponding test models on all carriers configured:
-	NR-FR1-TM 3.1b if 1024QAM is supported by BS without power back off, or,
-	NR-FR1-TM 3.1b at manufacturer’s declared rated output power if 1024QAM is supported by BS with power back off, and NR-FR1-TM3.1a if 256QAM is supported by BS without power back off, or
-	NR-FR1-TM 3.1b at manufacturer’s declared rated output power if 1024QAM is supported by BS with power back off and NR-FR1-TM3.1a at manufacturer’s declared rated output power if 256QAM is supported by BS with power back off, and NR-FR1-TM3.1 at maximum power, or
-	NR-FR1-TM 3.1a if 1024QAM is not supported by BS and 256QAM is supported by BS without power back off, or
-	NR-FR1-TM3.1a if 256QAM is supported by BS with power back off, at manufacturer's declared rated output power (Prated,c,EIRP) and NR-FR1-TM3.1 at maximum power, or
-	NR-FR1-TM3.1 if highest modulation order supported by BS is 64QAM, or
-	NR-FR1-TM3.2 if highest modulation order supported by BS is 16QAM, or
-	NR-FR1-TM3.3 if highest modulation order supported by BS is QPSK.
	For BS type 2-O declared to be capable of single carrier operation only, set the BS to transmit a signal according to the applicable test signal configuration and corresponding power setting specified in clause 4.7.2 and 4.8 using the corresponding test models on all carriers configured: 
-	NR-FR2-TM3.1a with 256QAM signal if 256QAM is supported by BS without power back off, or
-	NR-FR2-TM3.1a at manufacturer's declared rated output power if 256QAM is supported by BS with power back off, and NR-FR2-TM3.1 with highest modulation order supported without power back off, or
-	NR-FR2-TM3.1 with 64QAM signal if 64QAM is supported by BS without power back off, or
-	NR-FR2-TM 3.1 with highest modulation order without power back off if 64QAM is not supported by BS, or
-	if 64 QAM is supported by BS with power back off, NR-FR2-TM 3.1 with 64QAM at manufacturer's declared rated output power (Prated,c,EIRP) and NR-FR2-TM3.1 with highest modulation order supported at maximum power.
	For BS type 2-O declared to be capable of multi-carrier and/or CA operation, set the BS to transmit according to: 
-	NR-FR2-TM3.1a with 256QAM signal if 256QAM is supported by BS without power back off, or
-	NR-FR2-TM3.1a at manufacturer's declared rated output power if 256QAM is supported by BS with power back off, and NR-FR2-TM3.1 at maximum power, or
-	NR-FR2-TM3.1 with 64QAM signal if 64QAM is supported by BS without power back off, or
-	NR-FR2-TM3.1 with highest modulation order supported without power back off if 64QAM is not supported by BS, or
-	if 64QAM is supported by BS with power back off, NR-FR2-TM3.1 with 64QAM signal at manufacturer's declared rated output power (Prated,c,EIRP) and NR-FR2-TM3.1 with highest supported modulation order at maximum power
	For NR-FR1-TM 3.1a and NR-FR2-TM 3.1, power back-off shall be applied if it is declared.
6)	For each carrier, measure the EVM and frequency error as defined in annex L.
7)	Repeat steps 5 and 6 for NR-FR1-TM2 if 256QAM and 1024 QAM is not supported by BS type 1-O or for NR-FR1-TM2a if 256QAM is supported by BS type 1-O and 1024 QAM is not supported by BS or for NR-FR1-TM2b if 1024QAM is supported. For NR-FR1-TM2, NR-FR1-TM2a and NR-FR1-TM2b, the OFDM symbol power (in the conformance direction) shall be at the lower limit of the dynamic range according to the test procedure in clause 6.4.3.4.2 and test requirements in clause 6.4.3.5.1.
	Repeat steps 5 and 6 for NR-FR2-TM2 if 256QAM is not supported by BS type 2-O or for NR-FR2-TM2a if 256QAM is supported by BS type 2-O. For NR-FR2-TM2 and NR-FR1-TM2a the OFDM symbol power (in the conformance direction) shall be at the lower limit of the dynamic range according to the test procedure in clause 6.4.3.4.2 and test requirements in clause 6.4.3.5.2.
In addition, for multi-band RIB, the following steps shall apply:
8)	For multi-band RIB and single band tests, repeat the steps above per involved band where single band test configurations and test models shall apply with no carrier activated in the other band.
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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 

	1024QAM
	3.5 %1
3.8 %2

	NOTE 1:	This requirement is applicable for frequencies equal to or below 4.2 GHz.
NOTE 2:	This requirement is applicable for frequencies above 4.2 GHz.



EVM shall be evaluated for each NR carrier over all allocated resource blocks and downlink slots. Different modulation schemes listed in table 6.6.3.5.1-1 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 slots 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.
Table 6.6.3.5.1-2: EVM window length for normal CP, FR1, 15 kHz SCS
	Channel
bandwidth (MHz)
	FFT size
	Cyclic prefix length for symbols 1‑6 and 8-13 in FFT samples
	EVM window length W
	Ratio of W to total CP length for symbols 1‑6 and 8-13 (Note) (%)

	5
	512
	36
	14
	40

	10
	1024
	72
	28
	40

	15
	1536
	108
	44
	40

	20
	2048
	144
	58
	40

	25
	2048
	144
	72
	50

	30
	3072
	216
	108
	50

	40
	4096
	288
	144
	50

	50
	4096
	288
	144
	50

	NOTE:	These percentages are informative and apply to a slot's symbols 1 to 6 and 8 to 13. Symbols 0 and 7 have a longer CP and therefore a lower percentage.



Table 6.6.3.5.1-3: EVM window length for normal CP, FR1, 30 kHz SCS
	Channel
bandwidth (MHz)
	FFT size
	Cyclic prefix length for symbols 1‑13 in FFT samples
	EVM window length W
	Ratio of W to total CP length for symbols 1‑13 (Note)
(%)

	5
	256
	18
	8
	40

	10
	512
	36
	14
	40

	15
	768
	54
	22
	40

	20
	1024
	72
	28
	40

	25
	1024
	72
	36
	50

	30
	1536
	108
	54
	50

	40
	2048
	144
	72
	50

	50
	2048
	144
	72
	50

	60
	3072
	216
	130
	60

	70
	3072
	216
	130
	60

	80
	4096
	288
	172
	60

	90
	4096
	288
	172
	60

	100
	4096
	288
	172
	60

	NOTE:	These percentages are informative and apply to a slot's symbols 1 through 13. Symbol 0 has a longer CP and therefore a lower percentage.



Table 6.6.3.5.1-4: EVM window length for normal CP for NR, FR1, 60 kHz SCS
	Channel
bandwidth (MHz)
	FFT size
	Cyclic prefix length in FFT samples
	EVM window length W
	Ratio of W to total CP (Note) (%)

	10
	256
	18
	8
	40

	15
	384
	27
	11
	40

	20
	512
	36
	14
	40

	25
	512
	36
	18
	50

	30
	768
	54
	26
	50

	40
	1024
	72
	36
	50

	50
	1024
	72
	36
	50

	60
	1536
	108
	64
	60

	70
	1536
	108
	64
	60

	80
	2048
	144
	86
	60

	90
	2048
	144
	86
	60

	100
	2048
	144
	86
	60

	NOTE:	These percentages are informative and apply to all OFDM symbols within subframe except for symbol 0 of slot 0 and slot 2. Symbol 0 of slot 0 and slot 2 may have a longer CP and therefore a lower percentage.



[bookmark: _Toc21102704][bookmark: _Toc29810553][bookmark: _Toc36635905][bookmark: _Toc37272851][bookmark: _Toc45885928][bookmark: _Toc53183034][bookmark: _Toc58915701][bookmark: _Toc58917882][bookmark: _Toc66693751][bookmark: _Toc74915703][bookmark: _Toc76114328][bookmark: _Toc76544214][bookmark: _Toc82536336][bookmark: _Toc89952629][bookmark: _Toc98766445][bookmark: _Toc99702808][bookmark: _Toc106206594][bookmark: _Toc115080596]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 6.6.3.5.2-1 for FR2-1 and table 6.6.3.5.2-1a for FR2-2.
Table 6.6.3.5.2-1: EVM requirements for BS type 2-O for FR2-1
	Modulation scheme for PDSCH
	Required EVM (%)

	QPSK
	18.5 

	16QAM
	13.5 

	64QAM
	9 

	256QAM
	4.5



Table 6.6.3.5.2-1a: EVM requirements for BS type 2-O for FR2-2
	Modulation scheme for PDSCH
	Required EVM (%)

	QPSK
	[18.6] 

	16QAM
	[13.6] 

	64QAM
	[9.1] 



EVM requirements shall apply for each NR carrier over all allocated resource blocks and downlink slots. 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 and table 6.6.3.5.2-1a shall be considered for rank 1.
For NR FR2-1, for all bandwidths, the EVM measurement shall be performed for each NR carrier over all allocated resource blocks and downlink slots within 10 ms measurement periods. The boundaries of the EVM measurement periods need not be aligned with radio frame boundaries.
For NR FR2-2, for all bandwidths, the EVM measurement shall be performed for each NR carrier over all allocated resource blocks and downlink slots within 80 slots 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, 6.6.3.5.2-4, and 6.6.3.5.2-5 below specify the EVM window length (W) for normal CP for BS type 2-O.
Table 6.6.3.5.2-2: EVM window length for normal CP, FR2-1, 60 kHz SCS
	Channel bandwidth (MHz)
	FFT size
	Cyclic prefix lengthin FFT samples
	EVM window length W
	Ratio of W to total CP length (Note)
(%)

	50
	1024
	72
	36
	50

	100
	2048
	144
	72
	50

	200
	4096
	288
	144
	50

	NOTE:	These percentages are informative and apply to all OFDM symbols within subframe except for symbol 0 of slot 0 and slot 2. Symbol 0 of slot 0 and slot 2 may have a longer CP and therefore a lower percentage.



Table 6.6.3.5.2-3: EVM window length for normal CP, FR2, 120 kHz SCS
	Channel bandwidth (MHz)
	FFT size
	Cyclic prefix length in FFT samples
	EVM window length W
	Ratio of W to total CP length (Note)
(%)

	50
	512
	36
	18
	50

	100
	1024
	72
	36
	50

	200
	2048
	144
	72
	50

	400
	4096
	288
	144
	50

	NOTE:	These percentages are informative and apply to all OFDM symbols within subframe except for symbol 0 of slot 0 and slot 4. Symbol 0 of slot 0 and slot 4 may have a longer CP and therefore a lower percentage.



[bookmark: _Hlk118137303]Table 6.6.3.5.2-4: EVM window length for normal CP, FR2-2, 480 kHz SCS
	Channel bandwidth (MHz)
	FFT size
	Cyclic prefix length in FFT samples
	EVM window length W
	Ratio of W to total CP length (Note)
(%)

	400
	1024
	72
	36
	50

	800
	2048
	144
	72
	50

	1600
	4096
	288
	144
	50

	NOTE:	These percentages are informative and apply to all OFDM symbols within subframe except for symbol 0 of slot 0 and slot 16. Symbol 0 of slot 0 and slot 16 may have a longer CP and therefore a lower percentage.



Table 6.6.3.5.2-5: EVM window length for normal CP, FR2-2, 960 kHz SCS
	Channel bandwidth (MHz)
	FFT size
	Cyclic prefix length in FFT samples
	EVM window length W
	Ratio of W to total CP length (Note)
(%)

	400
	512
	36
	18
	50

	800
	1024
	72
	36
	50

	1600
	2048
	144
	72
	50

	2000
	2048
	144
	72
	50

	NOTE:	These percentages are informative and apply to all OFDM symbols within subframe except for symbol 0 of slot 0 and slot 32. Symbol 0 of slot 0 and slot 32 may have a longer CP and therefore a lower percentage.




[bookmark: _Toc21102705][bookmark: _Toc29810554][bookmark: _Toc36635906][bookmark: _Toc37272852][bookmark: _Toc45885929][bookmark: _Toc53183035][bookmark: _Toc58915702][bookmark: _Toc58917883][bookmark: _Toc66693752][bookmark: _Toc74915704][bookmark: _Toc76114329][bookmark: _Toc76544215][bookmark: _Toc82536337][bookmark: _Toc89952630][bookmark: _Toc98766446][bookmark: _Toc99702809][bookmark: _Toc106206595][bookmark: _Toc115080597]6.6.4	OTA time alignment error
[bookmark: _Toc21102706][bookmark: _Toc29810555][bookmark: _Toc36635907][bookmark: _Toc37272853][bookmark: _Toc45885930][bookmark: _Toc53183036][bookmark: _Toc58915703][bookmark: _Toc58917884][bookmark: _Toc66693753][bookmark: _Toc74915705][bookmark: _Toc76114330][bookmark: _Toc76544216][bookmark: _Toc82536338][bookmark: _Toc89952631][bookmark: _Toc98766447][bookmark: _Toc99702810][bookmark: _Toc106206596][bookmark: _Toc115080598]6.6.4.1	Definition and applicability
This requirement shall apply to frame timing in MIMO transmission, carrier aggregation and their combinations.
Frames of the NR signals present in the radiated domain are not perfectly aligned in time. In relation to each other, the RF signals present in the radiated domain may experience certain timing differences.
For a specific set of signals/transmitter configuration/transmission mode, the OTA Time Alignment Error (OTA TAE) is defined as the largest timing difference between any two different NR signals. The OTA time alignment error requirement is defined as a directional requirement at the RIB and shall be met within the OTA coverage range.
[bookmark: _Toc21102707][bookmark: _Toc29810556][bookmark: _Toc36635908][bookmark: _Toc37272854][bookmark: _Toc45885931][bookmark: _Toc53183037][bookmark: _Toc58915704][bookmark: _Toc58917885][bookmark: _Toc66693754][bookmark: _Toc74915706][bookmark: _Toc76114331][bookmark: _Toc76544217][bookmark: _Toc82536339][bookmark: _Toc89952632][bookmark: _Toc98766448][bookmark: _Toc99702811][bookmark: _Toc106206597][bookmark: _Toc115080599]6.6.4.2	Minimum requirement
The minimum requirement for BS type 1-O is in TS 38.104 [2], clause 9.6.3.2.
The minimum requirement for BS type 2-O is in TS 38.104 [2], clause 9.6.3.3.
[bookmark: _Toc21102708][bookmark: _Toc29810557][bookmark: _Toc36635909][bookmark: _Toc37272855][bookmark: _Toc45885932][bookmark: _Toc53183038][bookmark: _Toc58915705][bookmark: _Toc58917886][bookmark: _Toc66693755][bookmark: _Toc74915707][bookmark: _Toc76114332][bookmark: _Toc76544218][bookmark: _Toc82536340][bookmark: _Toc89952633][bookmark: _Toc98766449][bookmark: _Toc99702812][bookmark: _Toc106206598][bookmark: _Toc115080600]6.6.4.3	Test purpose
To verify that the OTA time alignment error is within the limit specified by the minimum requirement.
[bookmark: _Toc21102709][bookmark: _Toc29810558][bookmark: _Toc36635910][bookmark: _Toc37272856][bookmark: _Toc45885933][bookmark: _Toc53183039][bookmark: _Toc58915706][bookmark: _Toc58917887][bookmark: _Toc66693756][bookmark: _Toc74915708][bookmark: _Toc76114333][bookmark: _Toc76544219][bookmark: _Toc82536341][bookmark: _Toc89952634][bookmark: _Toc98766450][bookmark: _Toc99702813][bookmark: _Toc106206599][bookmark: _Toc115080601]6.6.4.4	Method of test
[bookmark: _Toc21102710][bookmark: _Toc29810559][bookmark: _Toc36635911][bookmark: _Toc37272857][bookmark: _Toc45885934][bookmark: _Toc53183040][bookmark: _Toc58915707][bookmark: _Toc58917888][bookmark: _Toc66693757][bookmark: _Toc74915709][bookmark: _Toc76114334][bookmark: _Toc76544220][bookmark: _Toc82536342][bookmark: _Toc89952635][bookmark: _Toc98766451][bookmark: _Toc99702814][bookmark: _Toc106206600][bookmark: _Toc115080602]6.6.4.4.1	Initial conditions
Test environment: Normal; see annex B.2.
RF channels to be tested for single carrier: M; see clause 4.9.1.
Base Station RF Bandwidth positions to be tested for multi-carrier and/or CA:
-	MRFBW in single-band operation, see clause 4.9.1;
-	BRFBW_T'RFBW and B'RFBW_TRFBW in multi-band operation, see clause 4.9.1.
Directions to be tested: OTA coverage range reference direction (D.35).
Polarizations to be tested: For dual polarized systems the requirement shall be tested and met considering both polarisations. If the measurement antenna does not support dual polarization, time alignment error shall be measured under the condition that measurement antenna is aligned between the BS polarisations such that it receives half the power from each polarisation.
[bookmark: _Toc21102711][bookmark: _Toc29810560][bookmark: _Toc36635912][bookmark: _Toc37272858][bookmark: _Toc45885935][bookmark: _Toc53183041][bookmark: _Toc58915708][bookmark: _Toc58917889][bookmark: _Toc66693758][bookmark: _Toc74915710][bookmark: _Toc76114335][bookmark: _Toc76544221][bookmark: _Toc82536343][bookmark: _Toc89952636][bookmark: _Toc98766452][bookmark: _Toc99702815][bookmark: _Toc106206601][bookmark: _Toc115080603]6.6.4.4.2	Procedure
1)	Place the BS at the positioner.
2)	Align the manufacturer declared coordinate system orientation (D.2) of the BS with the test system.
3)	Orient the positioner (and BS) in order that the direction to be tested aligns with the test antenna.
4)	Configure the beamforming settings of the BS according to the direction of the testing.
5)	Set the BS type 1-O to transmit NR-FR1-TM1.1 or any DL signal using MIMO transmission or carrier aggregation, using the configuration with the minimum number of cells and reference signals.
	Set the BS type 2-O to transmit NR-FR2-TM 1.1 or any DL signal using MIMO transmission or carrier aggregation, using the configuration with the minimum number of cells and reference signals.
NOTE:	For MIMO transmission, different ports may be configured in NR-FR1-TM1.1 and NR-FR2-TM 1.1 (using DMRS ports p = 1000 and 1001 with CDM).
	For a BS declared to be capable of single carrier operation only, set the BS to transmit according to the applicable test configuration in clause 4.8 using the corresponding test model at manufacturer's declared rated output power, Prated,c,TRP.
	If the BS supports intra band contiguous or non-contiguous Carrier Aggregation set the BS to transmit using the applicable test configuration and corresponding power setting specified in clauses 4.7.2 and 4.8.
	If the BS supports inter band carrier aggregation set the BS to transmit, for each band, a single carrier or all carriers, using the applicable test configuration and corresponding power setting specified in clauses 4.7.2 and 4.8.
	For BS type 1-O declared to be capable of multi-carrier operation, set the BS to transmit according to the applicable test signal configuration and corresponding power setting specified in clauses 4.7.2 and 4.8 using the corresponding test model on all carriers configured.
	For BS type 2-O declared to be capable of multi-carrier operation, set the BS to transmit according to the applicable test signal configuration and corresponding power setting specified in clauses 4.7.2 and 4.8 using the corresponding test model on all carriers configured.
6)	Measure the time alignment error between the different reference symbols on different beams on the carrier(s).
In addition, for a multi-band RIB, the following steps shall apply:
7)	For a multi-band RIB and single band tests, repeat the steps above per involved band where single band test configurations and test models shall apply with no carrier activated in the other band.
[bookmark: _Toc21102712][bookmark: _Toc29810561][bookmark: _Toc36635913][bookmark: _Toc37272859][bookmark: _Toc45885936][bookmark: _Toc53183042][bookmark: _Toc58915709][bookmark: _Toc58917890][bookmark: _Toc66693759][bookmark: _Toc74915711][bookmark: _Toc76114336][bookmark: _Toc76544222][bookmark: _Toc82536344][bookmark: _Toc89952637][bookmark: _Toc98766453][bookmark: _Toc99702816][bookmark: _Toc106206602][bookmark: _Toc115080604]6.6.4.5	Test Requirement
[bookmark: _Toc21102713][bookmark: _Toc29810562][bookmark: _Toc36635914][bookmark: _Toc37272860][bookmark: _Toc45885937][bookmark: _Toc53183043][bookmark: _Toc58915710][bookmark: _Toc58917891][bookmark: _Toc66693760][bookmark: _Toc74915712][bookmark: _Toc76114337][bookmark: _Toc76544223][bookmark: _Toc82536345][bookmark: _Toc89952638][bookmark: _Toc98766454][bookmark: _Toc99702817][bookmark: _Toc106206603][bookmark: _Toc115080605]6.6.4.5.1	BS type 1-O
For MIMO transmission, at each carrier frequency, OTA TAE shall not exceed 90 ns.
For intra-band contiguous carrier aggregation, with or without MIMO, OTA TAE shall not exceed 285 ns.
For intra-band non-contiguous carrier aggregation, with or without MIMO, OTA TAE shall not exceed 3.025 µs.
For inter-band carrier aggregation, with or without MIMO, OTA TAE shall not exceed 3.025 µs.
[bookmark: _Toc21102714][bookmark: _Toc29810563][bookmark: _Toc36635915][bookmark: _Toc37272861][bookmark: _Toc45885938][bookmark: _Toc53183044][bookmark: _Toc58915711][bookmark: _Toc58917892][bookmark: _Toc66693761][bookmark: _Toc74915713][bookmark: _Toc76114338][bookmark: _Toc76544224][bookmark: _Toc82536346][bookmark: _Toc89952639][bookmark: _Toc98766455][bookmark: _Toc99702818][bookmark: _Toc106206604][bookmark: _Toc115080606]6.6.4.5.2	BS type 2-O
For MIMO transmission, at each carrier frequency, OTA TAE shall not exceed 90 ns.
For intra-band contiguous carrier aggregation, with or without MIMO, OTA TAE shall not exceed 155 ns.
For intra-band non-contiguous carrier aggregation, with or without MIMO, OTA TAE shall not exceed 285 ns.
For inter-band carrier aggregation, with or without MIMO, OTA TAE shall not exceed 3.025 µs.
The minimum requirement for TAE is given in Table 6.6.4.5.2-1.
Table 6.6.4.5.2-1: TAE requirements for BS type 2-O 
	
Requirement
	TAE

	
	60, 120 kHz SCS
(ns)
	480 kHz SCS
(ns)

	960 kHz SCS
(ns)

	MIMO transmission
	90
	57.5
	57.5

	intra-band contiguous carrier aggregation, with or without MIMO
	155
	57.5
	57.5

	intra-band non-contiguous carrier aggregation, with or without MIMO (Note) 
	285
	N/A
	N/A

	inter-band carrier aggregation, with or without MIMO
	3025
	3025
	3025

	NOTE: intra-band non-contiguous carrier aggregation is not supported for FR2-2 in this release.



 

< End of Clause 6.6 update>

<Annex L update>
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In-channel TX tests
[bookmark: _Toc21103153][bookmark: _Toc29811002][bookmark: _Toc36636364][bookmark: _Toc37273310][bookmark: _Toc45886401][bookmark: _Toc53183446][bookmark: _Toc58916158][bookmark: _Toc58918339][bookmark: _Toc66694209][bookmark: _Toc74916234][bookmark: _Toc76114859][bookmark: _Toc76544745][bookmark: _Toc82536867][bookmark: _Toc89953160][bookmark: _Toc98766977][bookmark: _Toc99703340][bookmark: _Toc106207132][bookmark: _Toc115081134]L.1	General
The in-channel TX test enables the measurement of all relevant parameters that describe the In-channel quality of the output signal of the TX under test in a single measurement process.
The parameters describing the in-channel quality of a transmitter, however, are not necessarily independent. The algorithm chosen for description inside this annex places particular emphasis on the exclusion of all interdependencies among the parameters.
[bookmark: _Toc21103154][bookmark: _Toc29811003][bookmark: _Toc36636365][bookmark: _Toc37273311][bookmark: _Toc45886402][bookmark: _Toc53183447][bookmark: _Toc58916159][bookmark: _Toc58918340][bookmark: _Toc66694210][bookmark: _Toc74916235][bookmark: _Toc76114860][bookmark: _Toc76544746][bookmark: _Toc82536868][bookmark: _Toc89953161][bookmark: _Toc98766978][bookmark: _Toc99703341][bookmark: _Toc106207133][bookmark: _Toc115081135]L.2	Basic principles
The process is based on the comparison of the actual output signal of the TX under test, received by an ideal receiver, with an ideal signal, that is generated by the measuring equipment and represents an ideal error free received signal. All signals are represented as equivalent (generally complex) baseband signals.
The description below uses numbers and illustrations as examples only. These numbers are taken from a TDD frame structure with normal CP length, 120 kHz SCS and a transmission bandwidth configuration of 400 MHz (NRB = 264). The application of the text below, however, is not restricted to this parameter set.
[bookmark: _Toc21103155][bookmark: _Toc29811004][bookmark: _Toc36636366][bookmark: _Toc37273312][bookmark: _Toc45886403][bookmark: _Toc53183448][bookmark: _Toc58916160][bookmark: _Toc58918341][bookmark: _Toc66694211][bookmark: _Toc74916236][bookmark: _Toc76114861][bookmark: _Toc76544747][bookmark: _Toc82536869][bookmark: _Toc89953162][bookmark: _Toc98766979][bookmark: _Toc99703342][bookmark: _Toc106207134][bookmark: _Toc115081136]L.2.1	Output signal of the TX under test
The output signal of the TX under test is acquired by the measuring equipment and stored for further processsing. It is sampled at a sampling rate which is the product of the SCS and the FFT size, and it is named . 
For FR1, FFT size is determined by the transmission bandwidth in TS 38.141-1 [3] table 6.5.3.5-2 for 15 kHz SCS, table 6.5.3.5-3 for 30 kHz SCS and table 6.5.3.5-4 for 60 kHz SCS. 
For FR2, FFT size is determined by the transmission bandwidth in table 6.6.3.5.2-2 for 60 kHz SCS, and table 6.6.3.5.2‑3 for 120 kHz SCS, table 6.6.3.5.2-4 for 480 kHz SCS and table 6.6.3.5.2-5 for 960 kHz SCS. In the time domain it comprises at least 10 ms for FR1 and FR2-1 and at least 80 slots for FR2-2. It is modelled as a signal with the following parameters:
-	demodulated data content,
-	carrier frequency, 
-	amplitude and phase for each subcarrier.
For the example in the annex, the FFT size is 4096 based on table 6.6.3.5.2-3. The sampling rate of 491.52 Msps is the product of the FFT size and SCS.
[bookmark: _Toc21103156][bookmark: _Toc29811005][bookmark: _Toc36636367][bookmark: _Toc37273313][bookmark: _Toc45886404][bookmark: _Toc53183449][bookmark: _Toc58916161][bookmark: _Toc58918342][bookmark: _Toc66694212][bookmark: _Toc74916237][bookmark: _Toc76114862][bookmark: _Toc76544748][bookmark: _Toc82536870][bookmark: _Toc89953163][bookmark: _Toc98766980][bookmark: _Toc99703343][bookmark: _Toc106207135][bookmark: _Toc115081137]L.2.2	Ideal signal
Two types of ideal signals are defined:
The first ideal signal  is constructed by the measuring equipment according to the relevant TX specifications, using the following parameters: 
-	demodulated data content, 
-	nominal carrier frequency,  
-	nominal amplitude and phase for each subcarrier. 
It is represented as a sequence of samples at the sampling rate determined from annex L.2.1 in the time domain. The structure of the signal is described in the test models.
The second ideal signal  is constructed by the measuring equipment according to the relevant TX specifications, using the following parameters for FR1 and FR2:
-	nominal demodulation reference signal and nominal PT-RS if present (all other modulation symbols are set to 0 V),
-	nominal carrier frequency,
-	nominal amplitude and phase for each applicable subcarrier,
-	nominal timing.
It is represented as a sequence of samples at the sampling rate determined from annex L.2.1 in the time domain.
[bookmark: _Toc21103157][bookmark: _Toc29811006][bookmark: _Toc36636368][bookmark: _Toc37273314][bookmark: _Toc45886405][bookmark: _Toc53183450][bookmark: _Toc58916162][bookmark: _Toc58918343][bookmark: _Toc66694213][bookmark: _Toc74916238][bookmark: _Toc76114863][bookmark: _Toc76544749][bookmark: _Toc82536871][bookmark: _Toc89953164][bookmark: _Toc98766981][bookmark: _Toc99703344][bookmark: _Toc106207136][bookmark: _Toc115081138]L.2.3	Measurement results
The measurement results, achieved by the in-channel TX test are the following:
-	Carrier frequency error.
-	EVM.
-	Resource element TX power.
-	OFDM symbol TX power (OSTP).
Other side results are: residual amplitude- and phase response of the TX chain after equalisation.
[bookmark: _Toc21103158][bookmark: _Toc29811007][bookmark: _Toc36636369][bookmark: _Toc37273315][bookmark: _Toc45886406][bookmark: _Toc53183451][bookmark: _Toc58916163][bookmark: _Toc58918344][bookmark: _Toc66694214][bookmark: _Toc74916239][bookmark: _Toc76114864][bookmark: _Toc76544750][bookmark: _Toc82536872][bookmark: _Toc89953165][bookmark: _Toc98766982][bookmark: _Toc99703345][bookmark: _Toc106207137][bookmark: _Toc115081139]L.2.4	Measurement points
The resource element TX power is measured after the FFT box as described in figure L.2.4-1 for FR1 and in figure L.2.4.2. The EVM shall be measured at the point after the FFT and a zero-forcing (ZF) equalizer in the receiver, as depicted in for FR1 in figure L.2.4-1 and for FR2 in figure L.2.4-2. The FFT window of FFT size samples out of (FFT size + cyclic prefix length) samples in the time domain is selected in the "Remove CP" box.
For FR1, The FFT size and the cyclic prefix length are obtained from TS 38.141-1 [3] table 6.5.3.5-2 for 15 kHz SCS, table 6.5.3.5-3 for 30 kHz SCS and table 6.5.3.5-4 for 60 kHz SCS.
For FR2, FFT size and the cyclic prefix length is determined from table 6.6.3.5.2-2 for 60 kHz SCS, and table 6.6.3.5.2‑3 for 120 kHz SCS, table 6.6.3.5.2-4 for 480 kHz SCS and table 6.6.3.5.2-5 for 960 kHz SCS.
In one subframe, there are two symbols with the length of the cyclic prefix larger than the values listed in TS 38.141-1 [3] tables 6.5.3.5-2, 6.5.3.5-3 and 6.5.3.5-4 for FR1 and tables 6.6.3.5.2-2, and table 6.6.3.5.2-3, table 6.6.3.5.2-4 and table 6.6.3.5.2-5 for FR2. Table L.2.4-1 lists the slot number and the symbol number and the formula how to compute the length of cyclic prefix for those two symbols according to the sampling rate.
[bookmark: _Hlk118137198]Table L.2.4-1: Slot number and symbol number identifying the longer CP length for normal CP
	SCS (kHz)
	Frequency Range
	# slots in subframe
	Symbol # and slot # with longer CP
	Longer CP length

	15
	FR1
	1
	(symbol 0, slot 0)
 (symbol 7, slot 0)
	CP length + FFT size / 128

	30
	
	2
	(symbol 0, slot 0)
(symbol 0, slot 1)
	CP length + FFT size / 64

	60
	
	4
	(symbol 0, slot 0)
(symbol 0, slot 2)
	CP length + FFT size / 32

	60
	FR2FR2-1
	4
	(symbol 0, slot 0)
(symbol 0, slot 2)
	CP length + FFT size / 32

	120
	
	8
	(symbol 0, slot 0)
(symbol 0, slot 4)
	CP length + FFT size / 16

	120
	FR2-2
	8
	(symbol 0, slot 0)
(symbol 0, slot 4)
	CP length + FFT size / 16

	480
	
	32
	(symbol 0, slot 0)
(symbol 0, slot 16)
	CP length + FFT size / 4

	960
	
	64
	(symbol 0, slot 0)
(symbol 0, slot 32)
	CP length + FFT size / 2



For the example used in the annex, the "Remove CP" box selects 4096 samples out of 4384 samples. Symbol 0 of slot 0 and slot 4 has 256 more samples in the cyclic prefix than the other symbols (the longer CP length = 544).


Figure L.2.4-1: Reference point for FR1 EVM measurements


Figure L.2.4-2: Reference point for FR2 EVM measurements
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Sample timing, carrier frequency in  are varied in order to minimise the difference between  and , after the amplitude ratio of  and  has been scaled. Best fit (minimum difference) is achieved when the RMS difference value between  and  is an absolute minimum.
The carrier frequency variation is the measurement result: carrier frequency error.
From the acquired samples, one value of carrier frequency error can be derived.
NOTE 1:	The minimisation process, to derive the RF error can be supported by post-FFT operations. However the minimisation process defined in the pre-FFT domain comprises all acquired samples (i.e. it does not exclude the samples inbetween the FFT widths and it does not exclude the bandwidth outside the transmission bandwidth configuration).
NOTE 2:	The algorithm would allow to derive carrier frequency error and sample frequency error of the TX under test separately. However there are no requirements for sample frequeny error. Hence the algorithm models the RF and the sample frequency commonly (not independently). It returns one error and does not distinuish between both.
After this process the samples  are called .
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The FFT window length is FFT size samples per OFDM symbol. For FDD, there are  FFTs performed where  is the number of slots in a 10 ms measurement interval, and the number of symbols in a slot for normal CP is 14. For TDD, the number of FFTs performed is the number of downlink symbols in the measurement interval.
The position in time for the FFT shall be determined.
For the example used in the annex, the FFT window length is 4096 samples per OFDM symbol. 832 FFTs (i.e. 3,407,872 samples) cover less than the acquired number of samples (i.e. 3,651,584 samples in 10 ms). There are 816 symbols with 4384 samples and 16 symbols with 4640 samples.
In an ideal signal, the FFT may start at any instant within the cyclic prefix without causing an error. The TX filter, however, reduces the window. The EVM requirements shall be met within a window W < CP. There are three different instants for FFT:
-	Centre of the reduced window, called ,
-	, and
-	.
The value of EVM window length W is obtained from the transmission bandwidth and TS 38.141-1 [3] table 6.5.3.5-2 for 15 kHz SCS, table 6.5.3.5-3 for 30 kHz SCS and table 6.5.3.5-4 for 60 kHz SCS for FR1, and table 6.6.3.5.2-2 for 60 kHz SCS, and table 6.6.3.5.2-3 for 120 kHz SCS, table 6.6.3.5.2-4 for 480 kHz SCS and table 6.6.3.5.2-5 for 960 kHz SCS for FR2.
The BS shall transmit a signal according to the test models intended for EVM. The demodulation reference signal of the second ideal signal shall be used to find the centre of the FFT window.
The timing of the measured signal is determined in the pre FFT domain as follows, using  and :
1.	The measured signal is delay spread by the TX filter. Hence the distinct borders between the OFDM symbols and between data and CP are also spread and the timing is not obvious.
2.	In the ideal signal , the timing is known.
	Correlation between bullet (1) and (2) will result in a correlation peak. The meaning of the correlation peak is approximately the "impulse response" of the TX filter.
3.	The meaning of "impulse response" assumes that the autocorrelation of the ideal signal  is a Dirac peak and that the correlation between the ideal signal  and the data in the measured signal is 0. The correlation peak, (the highest, or in case of more than one highest, the earliest) indicates the timing in the measured signal.
The number of samples, used for FFT is reduced compared to . This subset of samples is called .
From the acquired samples one timing can be derived.
The timing of the centre  is determined according to the cyclic prefix length of the OFDM symbols. For normal CP, there are two values for  in a 1 ms period:
-	 = length of cyclic prefix / 2,
-	 = Longer CP length - length of cyclic prefix / 2,
Where the length of cyclic prefix is obtained from TS 38.141-1 [3] table 6.5.3.5-2 for 15 kHz SCS, table 6.5.3.5-3 for 30 kHz SCS and table 6.5.3.5-4 for 60 kHz SCS for FR1, and table 6.6.3.5.2-2 for 60 kHz SCS, and table 6.6.3.5.2-3 for 120 kHz SCS, table 6.6.3.5.2-4 for 480 kHz SCS and table 6.6.3.5.2-5 for 960 kHz SCS for FR2, and the longer CP length is obtained from table L.2.4-1.
As per the example values.
-	 within the CP of length 288 for most OFDM symbols in 1 ms,
-	 (= 544 – 144) within the CP of length 544 for OFDM symbol 0 of slot 0 and slot 4.
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Perform FFT on  with the FFT window timing .
The result is called . The RE TX (RETP) power is then defined as:

where SCS is the subcarrier spacing in Hz.
From RETP, the OFDM symbol TX power (OSTP) is derived as follows:

Where the summation accumulates  values of all Nsym OFDM symbols that carry PDSCH and not containing PDCCH, RS or SSB within a slot.
.
From the acquired samples  values for each OSTP can be obtained and averaged where  is the number of slots in a 10 ms measurement interval for FDD. For TDD,  is the number of slots with downlink symbols in a 10 ms measurement interval for FR1 and FR2-1, in an 80 slots measurement interval for FR2-2 and is computed according to the values in table 4.9.2.2-1.
For the example used in the annex,  and .
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Perform  FFTs on , one for each OFDM symbol within 10 ms measurement interval for FR1 and FR2-1, and 80 slots measurement interval for FR2-2 with the FFT window timing to produce an array of samples,  in the time axis t by FFT size in the frequency axis f.
For the example in the annex, 1120 FFTs are performed on . The result is an array of samples, 1120 in the time axis by 4096 in the frequency axis.
The equalizer coefficients  and  are determined as follows:
1.	Calculate the complex ratios (amplitude and phase) of the post-FFT acquired signal  and the post-FFT ideal signal , for each demodulation reference signal, over 10 ms measurement interval for FR1 and FR2-1, and 80 slots measurement interval for FR2-2. This process creates a set of complex ratios:
	
2.	Perform time averaging at each demodulation reference signal subcarrier of the complex ratios, the time-averaging length is 10 ms measurement interval for FR1 and FR2-1, and 80 slots measurement interval for FR2-2. Prior to the averaging of the phases   an unwrap operation must be performed according to the following definition: 
-	The unwrap operation corrects the radian phase angles of  by adding multiples of 2 * π when absolute phase jumps between consecutive time instances  are greater then or equal to the jump tolerance of π radians. 
-	This process creates an average amplitude and phase for each demodulation reference signal subcarrier (i.e. every second subcarrier).
	
	
	Where N is the number of demodulation reference signal time-domain locations  from  for each demodulation reference signal subcarrier f.
3.	The equalizer coefficients for amplitude and phase  and  at the demodulation reference signal subcarriers are obtained by computing the moving average in the frequency domain of the time-averaged demodulation reference signal subcarriers. The moving average window size is 19 and averaging is over the DM-RS subcarriers in the allocated RBs. For DM-RS subcarriers at or near the edge of the channel, or when the number of available DM-RS subcarriers within a set of contiguously allocated RBs is smaller than the moving average window size, the window size is reduced accordingly as per figure L.6-1.
4.	Perform linear interpolation from the equalizer coefficients  and  to compute coefficients ,  for each subcarrier.


Figure L.6-1: Reference subcarrier smoothing in the frequency domain
a)	In case of FR2 EVM, to account for the common phase error (CPE) experienced in millimetre wave frequencies, , in the estimated coefficients contain phase rotation due to the CPE, , in addition to the phase of the equalizer coefficient , that is:
	
	For OFDM symbols where PT-RS does not exist,  can be estimated by performing linear interpolation from neighboring symbols where PT-RS is present.
	In order to separate component of the CPE,, contained in, , estimation and compensation of the CPE needs to follow. is the common phase error (CPE), that rotates all the subcarriers of the OFDM symbol at time .
	Estimate of the CPE, , at OFDM symbol time, , can then be obtained from using the PT-RS employing the expression:
	
	In the above equation,  is the set of subcarriers where PT-RS are mapped,  where  is the set of OFDM symbols where PT-RS are mapped while  and  are is the post-FFT acquired signal and the ideal PT-RS signal respectively. That is, estimate of the CPE at a given OFDM symbol is obtained from frequency correlation of the complex ratios at the PT-RS positions with the conjugate of the estimated equalizer complex coefficients. The estimated CPE can be subtracted from  to remove influence of the CPE, and obtain estimate of the complex coefficient's phase:
	(t)
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For EVM create two sets of , according to the timing  and , using the equalizer coefficients from L.6.
The equivalent ideal samples are calculated from  (annex L.2.2) and are called .
The EVM is the difference between the ideal signal and the equalized measured signal.
	
Where:
-	T is the set of symbols with the considered modulation scheme being active within the slot,
-	 is the set of subcarriers within the resource blocks with the considered modulation scheme being active in symbol t,
-	 is the ideal signal reconstructed by the measurement equipment in accordance with relevant test models,
-	  is the equalized signal under test.
NOTE:	Although the basic unit of measurement is one slot, the equalizer is calculated over the entire 10 ms measurement interval for FR1 and FR2-1, and over the entire 80 slots measurement interval for FR2-2 to reduce the impact of noise in the reference signals.
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EVM is averaged over all allocated downlink resource blocks with the considered modulation scheme in the frequency domain, and a minimum of  downlink slots where  is the number of slots in a 10 ms measurement interval.
The averaging in the time domain equals the  slot duration of the 10 ms measurement interval from the equalizer estimation step.
	
Where  is the number of resource blocks with the considered modulation scheme in subframe i.
The EVM requirements shall be tested against the maximum of the RMS average at the window W extremities of the EVM measurements:
Thus  is calculated using  in the expressions above and  is calculated using  in the  calculation where (l and h, low and high; where low is the timing  and high is the timing ).
[bookmark: _Toc21103165]Thus:
	
The resulting  is compared against the limit.
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Let  be the number of slots with downlink symbols within a 10 ms measurement interval. For TDD, the averaging in the time domain can be calculated from  slots of different 10 ms measurement intervals and should have a minimum of  slots averaging length where  is the number of slots in a 10 ms measurement interval.
  is derived by: Square the EVM results in each 10 ms measurement interval. Sum the squares, divide the sum by the number of EVM relevant locations, square-root the quotient (RMS).
	
Where  is the number of resource blocks with the considered modulation scheme in slot i.
The  is calculated, using the maximum of at the window W extremities. Thus  is calculated using  and  is calculated using (l and h, low and high; where low is the timing  and and high is the timing ).
	
In order to unite at least  slots, consider the minimum integer number of 10 ms measurement intervals, where  is determined by
	
And for FR1,  for 15 kHz SCS,  for 30 kHz SCS and  for 60 kHz SCS normal CP. For FR2,  for 60 kHz SCS and  for 120 kHz SCS.
Unite by RMS.
	
The resulting is compared against the limit.
L.7.3	Averaged EVM (TDD) for FR2-2
Let  be the number of slots with downlink symbols within a 80 slots measurement interval. For TDD, the averaging in the time domain can be calculated from  slots of different measurement intervals and should have a minimum of 80 slots averaging length for FR2-2.
 is derived by: Square the EVM results in each one measurement interval. Sum the squares, divide the sum by the number of EVM relevant locations, square-root the quotient (RMS).
	
Where  is the number of resource blocks with the considered modulation scheme in slot i.
The   is calculated, using the maximum of  at the window W extremities. Thus  is calculated using  and   is calculated using (l and h, low and high; where low is the timing  and and high is the timing ).

	

In order to unite at least 80 slots, consider the minimum integer number of 80 slots measurement intervals, where  is determined by
	
Unite by RMS.
	
The resulting is compared against the limit.

<End of Annex L update>
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