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Introduction
In the last meetings the principle of a MIMO receiver for UL EVM measurements was proposed in several documents [1], [2], [3]. In this paper we provide further details on how the UL MIMO EVM measurements should be performed for FR1 and discuss further details.
[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 [4]. In this document a method of EVM calculation for UL MIMO with multi-layer transmission 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 UL MIMO
[bookmark: _Hlk67474293]The EVM calculation method for 2-layer transmission is shown in Figure 2.2-1.
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Figure 2.2‑1: EVM calculation block diagram for 2-Layer UL MIMO
The TE receives signals from 2 different ports which are connected to the two uplink antenna connectors on the UE. 
Compared to single layer transmission an additional step for MIMO equalization is introduced to separate the 2 layers. 
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
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:


Layer processing 
Each layer is then processed using already defined single layer procedure in Annex E of TS 38.521-1 [4]. 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:

Advantages compared to other methods presented
Compared to the approach proposed in the last meeting in [2], the approach in this paper has several advantages, e.g. it will work even if only a single symbol is transmitted, it is fully independent of the data transmitted and has a reduced complexity when being implemented.
The existence of ZF equalizer G depends on the invertibility of channel matrix H. This is a general requirement for 2-Layer MIMO transmission which is only possible if channel matrix H has rank 2.
Using the channel estimation method as described in this paper, based only on DMRS symbols, the existence of channel matrix H is always guaranteed. EVM calculation is completely independent of any correlation properties of transmitted data like e.g. pseudo-random data.
For the method described in [2] this will depend on the transmitted data symbols on each layer and subcarrier and will lead to a non-invertible matrix under certain circumstances. A detailed explanation on why the method described in [2] will lead to a scenario where the transmit signal quality cannot be measured is given in [7].
Applicability of the method
The transmit signal quality for UL MIMO requirements in TS 38.101-1 are defined as follows:
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For UE supporting UL MIMO, the transmit modulation quality requirements are specified 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, the requirements in clause 6.4.2 apply.
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
From these measurements, the propose dual receiver methodology in our view applies to the following:
· 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)
As already proposed in [2] the in-band emissions shall be measured on a per connector basis, as it is already the case.
Summary
In this paper we present a method to measure the EVM for UL MIMO transmissions in FR1 on a per layer basis. An approach for Tx Diversity which utilizes the same principal approach has already been presented in [5] and may be adapted, in case the approach can be approved for UL MIMO measurements.
The approach is well aligned with the proposal presented for FR2 [6], [7].
Compared to the alternative approach proposed in [2], the approach in this paper has several advantages, e.g. it will work even if only a single symbol is transmitted, it is fully independent of the data transmitted and has a reduced complexity when being implemented.
Therefor we propose to adapt the above described approach for FR1 UL MIMO transmit signal quality measurements.
Proposal 1: RAN4 agrees on the presented approach for FR1 UL MIMO transmit signal quality. 
Proposal 2: RAN4 further discusses the applicability of the approach to TxD once an agreement for UL MIMO has been achieved.
Proposals
[bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]The following proposals are made:
Proposal 1: RAN4 agrees on the presented approach for FR1 UL MIMO transmit signal quality. 
Proposal 2: RAN4 further discusses the applicability of the approach to TxD once an agreement for UL MIMO has been achieved.
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