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<<< START OF CHANGES >>>

[bookmark: _Toc83581044][bookmark: _Toc84405553][bookmark: _Toc84414162][bookmark: _Toc98864480][bookmark: _Toc99733729][bookmark: _Toc106577634][bookmark: _Toc114537385][bookmark: _Toc115257653][bookmark: _Toc123086973][bookmark: _Toc124296297][bookmark: _Toc124296767]F.8	Phase offset measurement for DMRS bundling
[bookmark: _Toc98864481][bookmark: _Toc99733730][bookmark: _Toc106577635][bookmark: _Toc114537386][bookmark: _Toc115257654][bookmark: _Toc123086974][bookmark: _Toc124296298][bookmark: _Toc124296768]F.8.1	Measurement point
The measurement point for phase offset measurement is defined in Figure F.8.1-1. 



Figure F.8.1-1: Measurement point for phase offset for DMRS bundling 

[bookmark: _Toc106577636][bookmark: _Toc114537387][bookmark: _Toc115257655][bookmark: _Toc123086975][bookmark: _Toc124296299][bookmark: _Toc124296769][bookmark: _Toc21344583][bookmark: _Toc29802071][bookmark: _Toc29802495][bookmark: _Toc29803120][bookmark: _Toc36107862][bookmark: _Toc37251636][bookmark: _Toc45888575][bookmark: _Toc45889174][bookmark: _Toc61367922][bookmark: _Toc61373305][bookmark: _Toc68231255][bookmark: _Toc69084668][bookmark: _Toc75467681][bookmark: _Toc76509703][bookmark: _Toc76718693][bookmark: _Toc83581040][bookmark: _Toc84405549][bookmark: _Toc84414158]F.8.2	Symbols used
Phase offset is determined based on DMRS REs (3 DMRS symbols per slot) with the option to use data symbols.

[bookmark: _Toc106577637][bookmark: _Toc114537388][bookmark: _Toc115257656][bookmark: _Toc123086976][bookmark: _Toc124296300][bookmark: _Toc124296770]F.8.3	Modified test signal
[editor notes: updates based on LS reply from RAN5]

[bookmark: _Toc106577638][bookmark: _Toc114537389][bookmark: _Toc115257657][bookmark: _Toc123086977][bookmark: _Toc124296301][bookmark: _Toc124296771]F.8.4	Phase offset measurement

The phase offset measurement is based on the phase response of the Tx chain  as derived based on Annex F.4.
The phase difference for each subcarrier between a reference timeslot tref and the measurement timeslot tm is then calculated as defined below:

The phase offset between the reference and measurement timeslots are then calculated as the maximum over the results for all subcarriers as shown below:


F.9	EVM for dual transmit polarizations
F.9.1	General
A zero-forcing (ZF) MIMO receiver architecture is used so that transmissions by the UE, which are received by the test equipment on two polarizations, can be demodulated by the test equipment receiver.
[image: ]

[bookmark: OLE_LINK25]Figure F.9.1-1: EVM calculation block diagram for 2-Layer UL MIMO

The TE receives signals from 2 different ports on two antenna polarizations in the test system. 
For UL MIMO measurements, a MIMO equalization step (as described in section F.9.2) is performed to separate the layers.
For single layer transmissions received on two polarizations, the MIMO equalization step (as described in section F.9.2) is replaced by a maximum ratio combining step (as described in section F.9.3).
Each layer is then processed as described in section F.9.4 to receive the measurement results for each individual layer.
F.9.2	MIMO Equalization (UL MIMO transmission)
[bookmark: OLE_LINK30][bookmark: OLE_LINK27][bookmark: OLE_LINK24][bookmark: OLE_LINK28]The MIMO equalization is split into two steps, the first step of equalization is based only on reference signals (DMRS) in each slot without using any data symbols. The second step of equalization is based on the reference signals (DMRS) and the recovered reference from detected signal in each slot 
[bookmark: OLE_LINK29]The effective 2x2 channel matrix estimation is also divided into two steps:
· The first step is 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. 
· The second step is based on the reference signals (DMRS) and recovered reference signal from detected signal in same time-frequency grid as shown in the Figure F.9.2-1.
In Figure F.9.2-1, the frequency interval between two CDM is 4, the frequency RE starts from the start of CDM and ends at the last RE adjacent to the next CDM as shown in figure below. For the first step, all the DMRS RE-s are used to estimate channel response, for the second step, all the DMRS RE-s and data REs are used to estimate channel response.
                                    [image: ]
Figure F.9.2-1: Used resources for channel estimation
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 ZF equalizer coefficients are calculated as the inverse of the effective channel matrix, in general:

F.9.3	Maximum Ratio combining (Tx diversity transmission)
The maximum ratio combining is split into two steps, the first step of equalization is based only on reference signals (DMRS) in each slot without using any data symbols. The second step of equalization is based on the reference signals (DMRS) and the recovered reference from detected signal in each slot. 
The effective 2x1 channel matrix is estimated using reference signals of different subcarriers. 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 effective 2x1 channel matrix estimation is also divided into two steps: The first step is using reference signals of different subcarriers, and the second step is based on the reference signals (DMRS) and recovered reference signal from detected signal in same time-frequency grid as shown in the Figure F.9.1-2, 

The ZF equalizer coefficients for maximum ratio combining are calculated as pseudo inverse of effective channel, in general:


F.9.4	Layer processing
After performing either the MIMO equalization or maximum ratio combining as described in section F.9.2 or F.9.3 respectively, each layer is processed using the existing procedure as defined in Annex E of TS 38.521-2 [5].
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 least square (LS) equalization method described for single layer in Annex E.3. of TS 38.521-2 [5].
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:


<<< END OF CHANGES >>>
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