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Introduction
In the last meeting the principle of utilizing a zero-forcing receiver architecture for performing the FR2 UL demodulation measurements was agreed based on the input from [1] and captured in the corresponding TP to TR 38.884 [2]. In this contribution, we provide further details on the measurement and an update to the TR.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Discussion
 Background
Calculation of EVM for single layer transmission without receive diversity is stable and described in Annex E: Global In-Channel TX-Test of TS 38.521- 1[3]. In this document a method of EVM calculation for UL MIMO with multi-layer transmission and single layer with receive/transmit diversity is described. For simplicity the document describes calculation of EVM using a maximum of 2 layers and 2 receive ports in TE for the multi-layer case. Same procedure is applicable also for transmission with 4 layers received on 4 TE ports.
 EVM calculation method for 1- and 2-layer transmission
[bookmark: _Hlk67474293]The EVM calculation method for 2-layer transmission is shown in Figure 2.2-1 and for 1-layer transmission in figure 2.2-2.
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Figure 2.2‑1: EVM calculation block diagram for 2-Layer UL MIMO
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Figure 2.2-2: EVM calculation block diagram for 1-Layer with RX diversity

The TE receives signals from 2 different ports which are connected to a dual polarized receive antenna (V and H) for FR2. 
In case of 2-layer transmission, an additional step for MIMO equalization is introduced to separate the 2 layers of a MIMO transmission, compared to single layer transmission without receive diversity. 
For 1-layer transmission the method will be identical regardless whether on transmitter side TX diversity is enabled or disabled. Compared to 1-layer transmission without receive diversity an additional step for combining the signals from both TE receive ports is introduced.
Once the layers are separated, each layer is processed using already defined single layer procedure. Basic measurement unit for EVM calculation is 1 slot comprising up to 14 OFDM symbols including reference and data symbols.
MIMO Equalization (2-layer transmission)
Each MIMO system needs an appropriate design of reference signals to ensure proper estimation of MIMO channel coefficients. Same is valid for NR where either reference signals use different subcarriers (CDM groups) per layer, or if same subcarriers are used orthogonal codes wf and wt are applied to reference signals of different layers. Since this essential property doesn’t apply for data symbols the channel estimation for MIMO equalization is based only on reference signals (DMRS) without including any data symbols. One or all DMRS symbols of one slot can be considered, but in order to obtain comparable EVM results independent of number of DMRS symbols per slot, only first DMRS symbol is used.
Estimation of effective 2x2 channel matrix is well known procedure if reference signals use 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:

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 pseudo inverse of effective channel matrix, in general:


Maximum Ratio Combining (1-layer transmission)
[bookmark: _Hlk67475603]The channel estimation for maximum ratio combining is based only on reference signals (DMRS) w/o including any data symbols. One or all DMRS symbols of one slot can be considered, but in order to obtain comparable EVM results independent of number of DMRS symbols per slot, only first DMRS symbol is used.
Estimation of effective 2x1 channel is well known procedure. In case of transmit diversity, the effective channel includes the precoding matrix P:

with



where y denotes the received symbol on port index n and r the reference signal.
Since reference signals 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 for maximum ratio combining are calculated as pseudo inverse of effective channel, in general:



Layer processing 
Each layer is then processed using already defined single layer procedure. Since MIMO (or maximum ratio combining in case of single layer) channel estimation is calculated only on first DMRS symbol an averaging including all 14 symbols of one slot, i.e. data and reference signals, is suitable in order to minimize EVM. This averaging is achieved by the LS equalization method described for single layer in [3] section E.3.3 Post FFT equalization.
MS(f,t) and NS(f,t) are processed with a least square (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:


Proposals
[bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]In this paper we provide further details on the receiver architecture for FR2 to perform EVM measurements for either 1- or 2-layer transmissions.
Proposal 1: RAN4 agrees on the presented approach for FR2 UL MIMO EVM measurements. 
Proposal 2: The 1-layer measurement presented in this paper extends the currently defined approach, where EVM is measured separately for each measurement polarization.
Proposal 3: The attached text proposal to TR 38.884 is agreed.
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5.2.3	Enhanced test method for UL demodulation measurement

5.2.3.1	Test equipment Zero-forcing MIMO receiverUL EVM measurement
As an enhancement to the FR2 test equipment topology, it has been proposed to adopt a zero-forcing MIMO receiver architecture so that dual-polarization transmissions by the UE can be demodulated by the test equipment receiver. Further details of the implementation are FFS.
The EVM calculation method for 2-layer measurements is shown in Figure 5.3.2.1-1 and for 1-layer measurements in Figure 5.3.2.1-2.
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Figure 5.3.2.1-1: EVM calculation block diagram for 2-Layer UL MIMO
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Figure 5.3.2.1-2: EVM calculation block diagram for 1-Layer
The TE receives signals from 2 different ports which are connected to the dual polarized measurement antenna in the FR2 test system. 
For the 2-layer transmission case shown in figure 5.3.2.1-1 a MIMO equalization step as described in section 5.3.2.2 is performed to separate the layers.
For the 1-layer transmission case shown in figure 5.3.2.1-2 the signals from both measurement antenna polarizations are combined using maximum ratio combining as described in section 5.3.2.3.
Each layer is then processed as described in section 5.3.2.4 to receive the measurement results for each individual layer.

5.2.3.2	MIMO Equalization
The MIMO equalization is based only on reference signals (DMRS) without using any data symbols. In order to obtain comparable EVM results independent of the number of DMRS symbols per slot, only the first DMRS symbol in each slot is used. 
Estimation of effective 2x2 channel matrix is a well known procedure if reference signals use 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:

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 pseudo inverse of effective channel matrix, in general:

5.2.3.3	Maximum Ratio Combining
The channel estimation for maximum ratio combining is based only on reference signals (DMRS) w/o including any data symbols. One or all DMRS symbols of one slot can be considered, but in order to obtain comparable EVM results independent of number of DMRS symbols per slot, only first DMRS symbol is used.
Estimation of effective 2x1 channel is a well known procedure. In case of transmit diversity, the effective channel includes the precoding matrix P:

with


where y denotes the received symbol on port index n and r the reference signal.
Since reference signals 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 for maximum ratio combining are calculated as pseudo inverse of effective channel, in general:

5.2.3.4	Layer processing
After performing either the MIMO equalization as described in section 5.2.3.2 or the maximum ratio combining as described in section 5.2.3.3, each layer is processed using the existing procedure as defined in Annex E of  TS 38.521-1 [6].
Since the channel estimation is calculated only on first DMRS symbol 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 LS equalization method described for single layer in Annex E.3. of  TS 38.521-2 [6].
MS(f,t) and NS(f,t) are processed with a least square (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:


-------------- End of text proposal 2 -------------
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