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<< Start of changes >>
[bookmark: _Toc45888255][bookmark: _Toc45888854][bookmark: _Toc61367535][bookmark: _Toc61372918][bookmark: _Toc68230866][bookmark: _Toc69084279][bookmark: _Toc75467289][bookmark: _Toc76509311][bookmark: _Toc76718301][bookmark: _Toc83580632][bookmark: _Toc84405141][bookmark: _Toc84413750]6.4D	Transmit signal quality for UL MIMO
6.4D.0	General
For a UE supporting UL MIMO, the requirements in this section are defined per layer or as the sum of emissions from both all UE antennas to account for the UL MIMO scheme.

Alternatively, when applicable, requirements may be verified per antenna connector using 2-layeran UL MIMO transmission with codebook of[image: ]or 4-layer UL MIMO transmission with codebook of , and a configuration defined in Table 6.4D.0-1.
Table 6.4D.0-1: UL MIMO configuration for per connector measurements
	Transmission scheme
	DCI format
	Codebook Index

	 Codebook based uplink
	DCI format 0_1
	Codebook index 0



[bookmark: _Toc21344344][bookmark: _Toc29801830][bookmark: _Toc29802254][bookmark: _Toc29802879][bookmark: _Toc36107621][bookmark: _Toc37251387][bookmark: _Toc45888256][bookmark: _Toc45888855][bookmark: _Toc61367536][bookmark: _Toc61372919][bookmark: _Toc68230867][bookmark: _Toc69084280][bookmark: _Toc75467290][bookmark: _Toc76509312][bookmark: _Toc76718302][bookmark: _Toc83580633][bookmark: _Toc84405142][bookmark: _Toc84413751]6.4D.1	Frequency error for UL MIMO
[bookmark: _Toc21344345]For UE(s) supporting UL MIMO, the basic measurement interval of modulated carrier frequency is 1 UL slot.  The mean value of basic measurements of UE modulated carrier frequency per layer shall be accurate to within ± 0.1 PPM observed over a period of 1 ms of cumulated measurement intervals compared to the carrier frequency received from the NR Node B.
[bookmark: _Toc29801831][bookmark: _Toc29802255][bookmark: _Toc29802880][bookmark: _Toc36107622][bookmark: _Toc37251388][bookmark: _Toc45888257][bookmark: _Toc45888856][bookmark: _Toc61367537][bookmark: _Toc61372920][bookmark: _Toc68230868][bookmark: _Toc69084281][bookmark: _Toc75467291][bookmark: _Toc76509313][bookmark: _Toc76718303][bookmark: _Toc83580634][bookmark: _Toc84405143][bookmark: _Toc84413752]6.4D.2	Transmit modulation quality for UL MIMO
6.4D.2.0	General
For UE supporting UL MIMO, the transmit modulation quality requirements are specified based on measurements made at each transmit antenna connector.
If UE is scheduled for single antenna-port PUSCH transmission by DCI format 0_0 or by DCI format 0_1 for single antenna port codebook based transmission with precoding matrix W=1 [6.3.1.5 TS 38.211], the requirements in clause 6.4.2 apply when TxD is not indicated, and the requirements in clause 6.4G.2 apply when TxD is indicated.
The transmit modulation quality is specified in terms of:
-	Error Vector Magnitude (EVM) for the allocated resource blocks (RBs)
-	EVM equalizer spectrum flatness derived from the equalizer coefficients generated by the EVM measurement process
-	Carrier leakage (caused by IQ offset)
-	In-band emissions for the non-allocated RB
In case the parameter 3300 or 3301 is reported from UE via the parameter txDirectCurrentLocation in UplinkTxDirectCurrentList IE (as defined in TS 38.331 [7]), carrier leakage measurement requirement in clause 6.4D.2.2 and 6.4D.2.3 shall be waived, and the RF correction with regard to the carrier leakage and IQ image shall be omitted during the calculation of transmit modulation quality.
[bookmark: _Toc61367538][bookmark: _Toc61372921][bookmark: _Toc68230869][bookmark: _Toc69084282][bookmark: _Toc75467292][bookmark: _Toc76509314][bookmark: _Toc76718304][bookmark: _Toc83580635][bookmark: _Toc84405144][bookmark: _Toc84413753]6.4D.2.1	Error Vector Magnitude
[bookmark: _Toc61367539][bookmark: _Toc61372922][bookmark: _Toc68230870][bookmark: _Toc69084283][bookmark: _Toc75467293][bookmark: _Toc76509315][bookmark: _Toc76718305][bookmark: _Toc83580636][bookmark: _Toc84405145][bookmark: _Toc84413754]For UE with two or four transmit antenna connectors in closed-loop spatial multiplexing scheme, the Error Vector Magnitude requirements specified in clause 6.4.2.1 apply per layer. The requirements shall be met with the UL MIMO configurations specified in Table 6.2D.1-2.
6.4D.2.2	Carrier leakage
For UE with two or four transmit antenna connectors in closed-loop spatial multiplexing scheme, the Relative Carrier Leakage Power requirements specified in Table 6.4.2.2-1 which is defined in clause 6.4.2.2 apply per layer. The requirements shall be met with the UL MIMO configurations specified in Table 6.2D.1-2.
[bookmark: _Toc61367540][bookmark: _Toc61372923][bookmark: _Toc68230871][bookmark: _Toc69084284][bookmark: _Toc75467294][bookmark: _Toc76509316][bookmark: _Toc76718306][bookmark: _Toc83580637][bookmark: _Toc84405146][bookmark: _Toc84413755]6.4D.2.3	In-band emissions
For UE with two or four transmit antenna connectors in closed-loop spatial multiplexing scheme, the In-band Emission requirements specified in Table 6.4.2.3-1 which is defined in clause 6.4.2.3 apply at each transmit antenna connector. The requirements shall be met with the uplink MIMO configurations specified in Table 6.2D.1-2
[bookmark: _Toc61367541][bookmark: _Toc61372924][bookmark: _Toc68230872][bookmark: _Toc69084285][bookmark: _Toc75467295][bookmark: _Toc76509317][bookmark: _Toc76718307][bookmark: _Toc83580638][bookmark: _Toc84405147][bookmark: _Toc84413756]6.4D.2.4	EVM equalizer spectrum flatness for UL MIMO
[bookmark: _Toc21344346][bookmark: _Toc29801832][bookmark: _Toc29802256][bookmark: _Toc29802881][bookmark: _Toc36107623][bookmark: _Toc37251389][bookmark: _Toc45888258][bookmark: _Toc45888857][bookmark: _Toc61367542][bookmark: _Toc61372925][bookmark: _Toc68230873][bookmark: _Toc69084286][bookmark: _Toc75467296][bookmark: _Toc76509318][bookmark: _Toc76718308]For UE with two or four transmit antenna connectors in closed-loop spatial multiplexing scheme, the EVM Equalizer Spectrum Flatness requirements specified in clause 6.4.2.4 apply per layer. The requirements shall be met with the UL MIMO configurations specified in Table 6.2D.1-2
[bookmark: _Toc83580639][bookmark: _Toc84405148][bookmark: _Toc84413757]6.4D.3	Time alignment error for UL MIMO
For UE(s) with multiple transmit antenna connectors supporting UL MIMO, this requirement applies to frame timing differences between transmissions on multiple transmit antenna connectors in the closed-loop spatial multiplexing scheme.
The time alignment error (TAE) is defined as the average frame timing difference between any two transmissions on different transmit antenna connectors.
For UE(s) with multiple transmit antenna connectors, the Time Alignment Error (TAE) shall not exceed 130 ns.
[bookmark: _Toc21344347][bookmark: _Toc29801833][bookmark: _Toc29802257][bookmark: _Toc29802882][bookmark: _Toc36107624][bookmark: _Toc37251390][bookmark: _Toc45888259][bookmark: _Toc45888858][bookmark: _Toc61367543][bookmark: _Toc61372926][bookmark: _Toc68230874][bookmark: _Toc69084287][bookmark: _Toc75467297][bookmark: _Toc76509319][bookmark: _Toc76718309][bookmark: _Toc83580640][bookmark: _Toc84405149][bookmark: _Toc84413758]6.4D.4	Requirements for coherent UL MIMO
For coherent UL MIMO, Table 6.4D.4-1 lists the maximum allowable difference between the measured relative power and phase errors between any two coherent ports out of the scheduled ports for UL transmission at their respective antenna connectors in any slot within the specified time window from the last transmitted SRS on the same antenna connectors, for the purpose of uplink transmission (codebook or non-codebook usage) and those measured at that last SRS. The requirements in Table 6.4D.4-1 apply when the UL transmission power at each antenna connector is larger than 0 dBm for SRS transmission and for the duration of time window.
Table 6.4D.4-1: Maximum allowable difference of relative phase and power errors in a given slot compared to those measured at last SRS transmitted
	Difference of relative phase error
	Difference of relative power error
	Time window

	40 degrees
	4 dB
	20 msec



The above requirements when all the following conditions are met within the specified time window:
-	UE is not signaled with a change in number of SRS ports in SRS-config, or a change in PUSCH-config
-	UE remains in DRX active time (UE does not enter DRX OFF time)
-	No measurement gap occurs
-	No instance of SRS transmission with the usage antenna switching occurs
-	Active BWP remains the same
-	EN-DC and CA configuration is not changed for the UE (UE is not configured or de-configured with PSCell or SCell(s))
-	When UE is not configured with uplink switching; or when UE is configured with uplink switching, and ‘fullCoherent’ codebook subset is supported in the corresponding carrier according to the capability uplinkTxSwitching-PUSCH-TransCoherence and/or uplinkTxSwitching2T2T-PUSCH-TransCoherence; or when UE is configured with uplink switching, ‘nonCoherent’ codebook subset is supported in the corresponding carrier according to the capability uplinkTxSwitching-PUSCH-TransCoherence and/or uplinkTxSwitching2T2T-PUSCH-TransCoherence, and uplink switching is not triggered by the switching mechanisms specified in sub-clause 6.1.6 of TS 38.214 [10] between last transmitted SRS and scheduled transmission. 
<< Next changes >>
F.10	EVM for UL MIMO
F10.1	General
EVM for UL MIMO is measured per layer. A zero-forcing (ZF) MIMO receiver architecture is used so that dual layer or 4-layer transmissions by the UE can be demodulated by the test equipment receiver.
[image: X:\PROJECT\CMW\DEVELOP\USER\1CM5\KRAKOWSK\NR\NR_EVM_2L_UL_MIMO.png]
Figure F.10.1-1: EVM calculation block diagram for 2-Layer UL MIMO
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The TE receives signals from 2 or 4 different ports which are connected to two or four antenna connectors in the test system. 
For UL MIMO measurements a MIMO equalization step as described in section F.10.2 is performed to separate the layers.
Each layer is then processed as described in section F.10.3 to receive the measurement results for each individual layer.
F10.2	MIMO Equalization
The MIMO equalization is based only on reference signals (DMRS) without using any data symbols. For the equalization process all available DMRS symbols shall be used.
The effective 2x2 or 4x4 channel matrix is estimated using reference signals of different subcarriers, e.g. in case of DMRS antenna ports 0 and 2. In case that same subcarriers are used, e.g. DMRS antenna ports 0 and 1, a channel decomposition is necessary taking advantage of the orthogonal codes wf and wt and assuming identical channel coefficients for adjacent subcarriers of same CDM group.
Effective channel including the precoding matrix P is:
 for 2-Layer UL MIMO, or   for 4-Layer UL MIMO, 

with

where y denotes the received symbol on port index n and r the reference signal for layer index ν.
Since reference signals of a specific layer are transmitted only on subcarriers of one CDM group channel, interpolation is needed in order to obtain channel coefficients for all subcarriers. Channel interpolation is done using the channel coefficients of active CDM group in all other CDM groups.
The channel coefficients used to calculate the equalizer coefficients are obtained after channel smoothing in frequency domain by computing the moving average of interpolated channel coefficients. The moving average window size is 7. For subcarriers at or near the edge of allocation the window size is reduced accordingly.
The ZF equalizer coefficients are calculated as the inverse of the effective channel matrix, in general:


F10.3	Layer processing
After performing the MIMO equalization as described in section F.10.2 each layer is processed using the existing procedure as defined in Annex E of TS 38.521-1 [4].
Since the channel estimation is calculated only on the DMRS symbols, an averaging including all 14 symbols of one slot, i.e. data and reference signals, is needed in order to minimize EVM. The averaging is achieved by the least square (LS) equalization method described for single layer in Annex E.3. of TS 38.521-1 [4].
MS(f,t) and NS(f,t) are processed with a LS estimator, to derive one equalizer coefficient per time slot and per allocated subcarrier. EC(f) is defined for each layer as:

With * denoting complex conjugation. EC(f) are used to equalize layer data symbols.
EVM equalizer spectral flatness is derived from equalizer coefficients for each layer as follows:
 for 2-Layer UL MIMO, or  for 4-Layer UL MIMO,
<< End of changes >>
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