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1	Introduction 
Requirements of coherent UL-MIMO is specified in Rel-15 as below.
For coherent UL MIMO, Table 6.4D.4-1 lists the maximum allowable difference between the measured relative power and phase errors between different antenna ports in any slot within the specified time window from the last transmitted SRS on the same antenna ports, 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 port 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



To complete the test cases, some aspect might need to be considered. This documents provide some consideration.
2	Discussion
According to the minimum requirements, the relative phase/power error between Tx Ant1 and Ant2 shall be measured using SRS at time X in below figure. Then the relative phase/power error between shall be measured using PUSCH at time Y and Z when (Z-X) <= 20ms.
[image: ]
The power measurement is a normal RAN5 practice but in coherent testing the relative power measurement between antenna ports is required. The same MU for SISO can’t be reused. In addition the core requirement is specified as per antenna port basis. MIMO decoding might be required from TE side, which is not available in current RAN5 specification.so there should be no problem. However the phase measurement seems a new challenge in RAN5.
The phase measurement is also a new challenge in RAN5.
Firstly how to define a relative phase error is still uncertain. Is it measured in time domain or frequency domain? Which reference point should it be measured? Is it measured by DMRS or PUSCH data symbol? Does it need to be averaged across all subcarriers and all symbols, or is peak value should be considered? The test procedure could be specified only after we could answer all the questions. 
For conducted testing in FR1, there is no knowledge of whether the traces on the UE PCB between antenna connector and antenna matched with respect to the phase. It needs further study the phase measurement shall be at the antenna connectors or at the antennas.
For OTA testing in FR1, it’s not clear whether a phase measurement between two UE antennas is possible.
There is a similar case in RAN5, the EVM measurement. RAN5 has specified a Global-Tx method for all test equipment to follow. The similar approach could be followed for relative phase measurement.
Proposal 1: RAN5 to study the feasibility of measuringspecify a standard method to measure the relative phase and power between Tx antennas.
The signal received by test equipment is polluted by noise, which will cause measurement error in relative phase. The relation between SNR and measurement accuracy shall be studied.
Proposal 2: Measurement accuracy caused by noise shall be studied.
For available subcarriers that could be used for relative phase measurement in SRS might be less than PUSCH. It means the measurement accuracy of the reference time slot and the following slots are different, which might impact the test result.
Proposal 3: The possible impact on measurement accuracy caused by different number of available subcarriers shall be studied.
The change of relative phase within the test duration is also impacted by phase stability of test equipment. TE vendors’ feedback on estimation of the phase stability would be necessary for deciding the MU and TT of the measurement.
There could be more factors to be considered when deciding the measurement accuracy of relative phase.
Proposal 4: TE vendors provide feedback on the phase stability estimation within the test duration.
Proposal 2: RAN5 to identify and assess MU contributors in relative phase and power measurement.
In summary there are still some open issues for further investigation. The relative phase measurement couldn’t be completed by this meeting.
Proposal 5: Only specify relative power measurement for the time being.
3	Conclusions
In this contribution, the following proposal were made:
Proposal 1: RAN5 to study the feasibility of measuringspecify a standard method to measure the relative phase and power between Tx antennas.
Proposal 2: Measurement accuracy caused by noise shall be studied.
Proposal 3: The possible impact on measurement accuracy caused by different number of available subcarriers shall be studied.
Proposal 4: TE vendors provide feedback on the phase stability estimation within the test duration.
Proposal 2: RAN5 to identify and assess MU contributors in relative phase and power measurement.
Proposal 5: Only specify relative power measurement for the time being.
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