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Introduction
The TRP methodology for Single-layer UL-MIMO has been discussed for several meetings. During RAN4#109, the basic test procedure based on sweep TPMI approach for coherent devices was captured in TR 38.870 [1], and it was agreed in [2] to study the influence of the phase error between the two transmitting antennas under two scenarios:
 The phase variation for coherent UL MIMO has two scenarios due to different implementations.
Case A: the change of relative phase between two antennas is a random variable [0, 40] degrees with a uniform distribution.
Case B: the change of relative phase between two antennas is a random variable [0, 360] degrees with a uniform distribution.
The reason for the two use cases is that there is about 200ms measurement time including dwell period, etc. Some implementations may send TPMI at the beginning of 200ms, others could send TMPI closer to the actual uplink transmission, e.g. within 20ms of uplink transmission. As those uncertainties cannot be resolved, it is therefore prudent to simulate both scenarios to effectively assess best and worst cases.

Case A (i.e. 40º maximum phase deviation) assumes that the power measurement per grid point is performed within 20ms from the last transmitted SRS by the UE in order to respect the minimum requirements for coherent UL MIMO as per section 6.4D.4 in TS 38.101-1 [3]. The specific timing and UE behaviour needs to be clarified though to ensure it is feasible from OTA methodology point of view.
We present in this contribution our views on this issue and request clarification from UE and chipset manufacturers on the assumptions to make this a feasible approach.
Test procedure per grid point 
As mentioned in the introduction, the common test procedure for Single-layer UL-MIMO TRP for coherent UEs is captured in section 7.4.3.3 of TR 38.870 [1]:
For coherent UE UL-MIMO TRP testing, the common test procedure is as following:
1)	Place the DUT inside the QZ following the positioning guideline defined in Clause 6.
2)	Connect the SS with the DUT through the link antenna following steps for ULFPTx in section 6.2D.1.4 of TS 38.521-1 [5] with the exception of UE configuration defined in clause 7.4.3.1 and ensure the DUT transmits with its maximum power.
3)	Set the SS to transmit  with [i=2].  
4)	Measure the power and calculate  by adding the composite loss of the entire transmission path.
5)	Repeat steps 3) and 4) for the remaining or subset of  with [i={3,4,5}].
6)	Repeat steps 3) to 5) for each measurement grid point.
Note: Based on different test system implementation, step 5 and step 6 may be switched.
How to data processing the measured EIRPs is FFS.

[bookmark: _Toc163226439][bookmark: _Toc163226450]Steps 3) and 4) are the most relevant ones to capture the EIRP per TPMI on every grid point, but the timing of those two steps is critical to minimize the phase error impact on the measurement. 

In the field, the common procedure for codebook-based UL transmission is as illustrated in Figure 1:
[image: ]
[bookmark: _Ref163494232]Figure 1: common procedure for codebook-based UL transmission
As discussed in previous meetings, step c cannot be considered for Single-layer UL-MIMO TRP methodology for the following reasons:
· The channel estimation implementation is proprietary to BS manufacturers.
· The channel estimation of the communication tester may depend on the implementation, but also on the specifics of the chamber environment (e.g. UL through the link antenna).
[bookmark: _Toc163232342][bookmark: _Toc163233054][bookmark: _Toc163504513]Observation 1: Single-layer UL-MIMO TRP methodology cannot be based on TPMI selection based on SRS.
Following observation 1 and the common procedure for codebook-based UL transmission in Figure 1, the EIRP measurement procedure per grid point is illustrated in Figure 2, which is repeated for every single TPMI to be considered:
[image: ]
[bookmark: _Ref163494252]Figure 2: EIRP measurement procedure per grid point for Single-layer UL-MIMO TRP

The communication tester can configure the SRS with a certain periodicity and signal TPMIi on every UL DCI sent to the UE, but it is not possible to configure the TPMI change as a response to the received SRS and still perform the power measurement within the time window considered in Case A mentioned above (i.e. 20ms).
[bookmark: _Toc163232343][bookmark: _Toc163233055][bookmark: _Toc163504514]Observation 2: the communication tester cannot configure the TPMI change as a response to the received SRS.
Based on the flow in Figure 2 and the limitation in Observation 2, the following test procedure detailed timing is considered (TPMI 2, 3 and 4 are used for illustration purposes only):
[image: ]
[bookmark: _Ref163494424]Figure 3: timing of the EIRP measurement procedure per grid point for Single-layer UL-MIMO TRP
In this proposal, TPMIi is configured in the communication tester and a dwell time is allowed to ensure the DCI transmitted to the UE contains the newly configured TPMIi, which then it could be signaled on every UL DCI until the power measurement is performed. After the dwell time, the power measurement is performed after a fixed time from the first transmitted SRS after dwell time, respecting the maximum of 20ms according to the requirement in 6.4D.4 from TS 38.101-1 [3].
The alignment between PUSCH scheduling and the SRS PeriodicityAndOffset shall be configured depending on the OTA test system implementation.

It must be noted that this approach is only feasible under the assumption that the UE resets the phase between the two transmitting ports every time a TPMI is received, even for the case that the index does not change from the previous value received. Otherwise, the flow illustrated in Figure 3 does not help reducing the effect of the phase difference in the individual EIRP measurements, and consequently only Case B shall be considered for the phase variation error analysis.
[bookmark: _Toc163226440][bookmark: _Toc163232345][bookmark: _Toc163233056][bookmark: _Toc163233391][bookmark: _Toc163504515]Proposal 1: chipset and UE vendors must confirm if the UE resets phase between the two transmitting ports every time a TPMI is received (i.e. with every DCI received over PDCCH) in case the index does not change from last value (i.e. same TPMI on consecutive DCI).
[bookmark: _Toc163233392][bookmark: _Toc163504516]Proposal 2: if proposal 1 cannot be confirmed, only Case B shall be considered for the phase variation error analysis (i.e. relative phase between two antennas is a random variable [0, 360] degrees). 
Proposal
In this contribution, the following observations and proposals were made:
Observation 1: Single-layer UL-MIMO TRP methodology cannot be based on TPMI selection based on SRS.
Observation 2: the communication tester cannot configure the TPMI change as a response to the received SRS.
 

Proposal 1: chipset and UE vendors must confirm if the UE resets phase between the two transmitting ports every time a TPMI is received (i.e. with every DCI received over PDCCH) in case the index does not change from last value (i.e. same TPMI on consecutive DCI).
Proposal 2: if proposal 1 cannot be confirmed, only Case B shall be considered for the phase variation error analysis (i.e. relative phase between two antennas is a random variable [0, 360] degrees).
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