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Introduction
The TRP methodology for Single-layer UL-MIMO has been discussed for several meetings. During RAN4#107 it was agreed in [1] to conclude the topic in this meeting, and feedback regarding test time impact was requested.
We present in this contribution, and the spreadsheet attached, the test time estimation for TRP measurements with the corresponding assumptions, including the case of multiple TPMI being measured.
Background
During the discussion about the different options for single-layer UL-MIMO TRP test method for fully Coherent UE support multiple TPMI index (as described in [1][2]), it was argued that the test time would be multiplied by the n number of TPMI indexes to be tested. I.e.:

That estimation would be accurate only if separate spherical scans are performed per TPMI index, which is not the optimal approach since the movement between grid points to complete the spherical scan is the driving factor for the overall TRP test time. 
Therefore, the introduction of several TPMI into a spherical scan power measurement (e.g. TRP) can be optimized by testing the n number of TPMI indexes for each grid point. 
[bookmark: _Toc135060015][bookmark: _Toc142314593][bookmark: _Toc142468761][bookmark: _Toc142578548]Observation 1: measuring EIRP for each TPMI index at each grid point is more efficient than performing separate spherical scans per TPMI index.

In addition, it is also common for TRP tests in legacy technologies to test low, mid and high channels per grid point in the same spherical scan in cases that the connection between the communication tester and the UE is stable enough.
[bookmark: _Toc142314594][bookmark: _Toc142468762][bookmark: _Toc142578549]Observation 2: testing 3 channels per grid point is more efficient in cases the connection is stable.

Based on these two observations, the total TRP test time can be estimated by the following equation:

where:
·  = average time to move between grid points and stabilization time
·  = time for test equipment (e.g. communication tester, power measurement equipment, etc.) to be configured for each channel, including time for SCPI commands
·  = time for the communication tester to configure the TPMI index, including time for SCPI commands
·  = time for the power measurement equipment to trigger the measurement and report the result, including time for SCPI commands

In a similar way, the test time for the basic case (i.e. without factoring several TPMI indexes) can be estimated by the following:


The spreadsheet attached to this contribution implements these two equations in order to evaluate the test time increase in percentage between the basic case and the multi-TPMI case, providing the following results for the case with 4 indexes:
· For single channel testing, 53% time increase (i.e. )
· For 3 channels testing, 80% time increase (i.e. )
[bookmark: _Toc142314595][bookmark: _Toc142468763][bookmark: _Toc142578550]Observation 3: TRP testing with multi-TPMI with 4 indexes increases the test time by 53% in case of single channel testing and 80% in case of 3 channels testing.

Considering the different options discussed during past meetings, the following table presents a summary of the TRP test time increase per number of TPMI to be considered for testing: 
	#TPMI
	Test time increase for single channel
	Test time increase for 3 channels testing

	2 indexes (e.g. TPMI 2&3 or 4&5 for fully Coherent UE)
	18%
	27%

	3 indexes (e.g. TPMI 0-3 for non-Coherent UE with fullPowerMode1)
	35%
	54%

	4 indexes (e.g. TPMI 2-5 for fully Coherent UE)
	53%
	80%



[bookmark: _Toc142468764][bookmark: _Toc142578551]Observation 4: TRP testing with multi-TPMI implies a test time increase in the range of 18-53% in case of single channel testing and 27-80% in case of 3 channels testing.
[bookmark: _Toc135069250][bookmark: _Toc135069259][bookmark: _Toc142469395][bookmark: _Toc142469405][bookmark: _Toc142469601][bookmark: _Toc142578552]Proposal 1: Take the test-time increase for the multi-TPMI based test method into account.

In order to obtain these estimated test times, the following assumptions were considered in the spreadsheet:
1. 15º step size for both theta and phi axes.
2. Distributed axes system like the example in Figure 7.2-2 from TR 38.870 [3]. With this assumption,  is set to 1.5 seconds.
3.  = No delay in case of single channel, or 700ms per channel if multiple channels are considered.
4.  = No delay in case of single channel, or 200ms in case multi-TPMI is considered.
5.  = 40ms.

It has to be noted that the absolute test times provided by the spreadsheet are ideal calculations and the actual test time depends on many factors (e.g. call stability, positioner speed, etc.). Even though, the comparison between the basic case and the multi-TPMI case provides a good estimate of the time increase. 
Proposal
In this contribution, the following observations and proposals were made:
Observation 1: measuring EIRP for each TPMI index at each grid point is more efficient than performing separate spherical scans per TPMI index.
Observation 2: testing 3 channels per grid point is more efficient in cases the connection is stable.
Observation 3: TRP testing with multi-TPMI with 4 indexes increases the test time by 53% in case of single channel testing and 80% in case of 3 channels testing.
Observation 4: TRP testing with multi-TPMI implies a test time increase in the range of 18-53% in case of single channel testing and 27-80% in case of 3 channels testing.
 

[bookmark: _GoBack]Proposal 1: Take the test-time increase for the multi-TPMI based test method into account.
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