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In RAN4#108, 2Tx TRP test method was discussed and the WF was approved in [1]. In this meeting, we provide our further views on TRP test method for single-layer UL MIMO and TxD.
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Simulation assumptions
To analyze the test methods for FR1 2Tx TRP test method, the simulation is conducted in this paper. The FS antenna patterns from [2] is used as a baseline assuming that UE are equipped with two identical antennas. The second antenna placement is rotated 90⁰ about y-axis and separate from the first antenna by 10cm in x-axis as illustrated in Figure 1 and Figure 2.
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Figure 1: The placement of Ant1 and Ant2
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Figure 2: Identical Ant1 and Ant2 pattern

All the simulations assume a Dq=Df=1° measurement grid that is in line with the very fine antenna patterns as provided in [2] and the carrier frequency of 3GHz.
Single-layer UL-MIMO TRP test method 
Coherent UE
· Simulation results

In [1], the following agreement applies for coherent UE on the TRP test method and we provide the simulations to compare the radiated results for option 1 and option 2.
	Issue 1-2-2: For fully Coherent UE support multiple TPMI index 2~5  
· Proposals
· Option 1: measure TRP under each TPMI, and then average TRPs as final performance metric. FFS TPMI index: TPMI 2~5 or 2&3 or 4&5;
· Option 2: measure and record best EIRP at each test point (swept over all applicable TPMIs at each measurement grid), and then integrate all the measured best EIRPs into a TRP-like performance metric. TPMI index 2~5; 

· Agreements
· Further discuss option 1 and option 2
· New definition/term on test metric required for option 2 need to be further discussed 


In the simulations, the combined patterns are calculated based on the placement of two antennas, the pattern rotation, and the selected TPMI. The TPMI 2 through 5 are implemented by adding a fixed phase shift of 0° (TPMI2), 90° (TPMI4), 180° (TPMI3), 270° (TPMI5) between Ant1 and Ant 2.  
	
Table 6.3.1.5-1: Precoding matrix  for single-layer transmission using two antenna ports.
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 5
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The combined patterns from the offset, rotated antenna patterns (Ant1+Ant2) for different TPMIs (phase offsets) are shown in Figure 3. 
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Figure 3: Combined EIRP pattern with the fixed shift 0°, 90°, 180° and 270°. Frequency carrier is 3GHz.
The pattern of best EIRP envelope, i.e., option 2, is provided in Figure 4.
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Figure 4: Combined pattern of best EIRP envelope. Frequency carrier is 3GHz.
Table 1 shows the integrated EIRP values over sphere:
Table 1: Integrated EIRP values over sphere
	Case
	Integrated EIRP over sphere (dBm)

	TMPI = 2
	2.80

	TMPI = 3
	3.18

	TMPI = 4
	2.94

	TMPI = 5
	3.05

	Average of TMPI 2&3 (Option 1)
	3.00

	Average of TMPI 4&5 (Option 1)
	3.00

	Average of TMPI 2&3&4&5 (Option 1)
	3.00

	Best EIRP envelope (Option 2)
	5.38



Observation 1: The selection of the best EIRP per grid point from each of the 4 TPMI, i.e., Option 2, consistently yields a gain (~2.4dB) over the option 1 and single TMPI scheme.
Observation 2: Option 2 will lead to a significant improvement compared to the option 1 which is based on legacy TRP metric.
It should be noted that for coherent UE, it is optional to support non-codebook beamforming which should be also taken into account.
[bookmark: OLE_LINK1]Proposal 1: RAN4 to further discuss the new metric for Option 2, e.g., Integrated Best EIRP over sphere. The coherent UE should include both codebook and non-codebook cases.
· Phase variation impact

In the previous analysis for both option 1 and option 2, a fixed phase variation is assumed for coherent UE [3] [4]. As specified in TS 38.101-1, even for the coherent UE, the difference of relative phase error is 40 degrees which means the maximum relative phase error is 80 degrees within 20ms time window. In the AC, with the legacy test procedure for the TRP, it is not possible to measure the EIRP for all the test points at the same time. Therefore, phase variation will also have impact on the integrated EIRP values over sphere. Looking at the Figure 5 and comparing the EIRP pattern for difference phase of 0 degree and 90 degrees, we could see the nonnegligible difference between two EIRP patterns.
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Figure 5: Requirements for coherent UL MIMO from TS 38.101-1
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Figure 6: Combined EIRP pattern with the fixed shift 0°, 40° and 80°. Frequency carrier is 3GHz.
Observation 3: Phase variation impact is not negligible due to the relative phase error for coherent UE and the phase variation impact depends on the implementation.
RAN4 should decide the TRP test method for 2Tx taking into phase variant impact account. To solve the phase variant impact, one possible way is to adopt RC method. For AC, if there is no proper solution, a test mode for adding two antennas TRP separately could be considered.
Observation 4: 2Tx TRP test method for coherent UE needs to take into phase variant impact account.
Observation 5: RC could be used to solve the phase variation impact in 2Tx TRP testing for coherent UE. If there is no proper solution for phase variant impact in AC, a test mode for adding two antennas TRP separately should be considered.

Non-coherent/partial-coherent UE
In [1], the following agreements were reached for 2Tx TRP test method for non-coherent UE.
	Issue 1-2-1: Test method for non-coherent UE support fullpowerMode1 just single TPMI index 2 
· Agreements
· Single TPMI index =2 used for testing 
· Using Fixed TPMI index =2 as baseline configuration if TRP requirements introduced in Rel-18 
· RAN4 shall further study and discuss another test metric with swept TPMI indexes for testing and captured into TR 
· Test applicable rules can be further discussed



As shown in Table 1, TRP values show the maximum variance of 0.38dB with TPMI 2~5 where the fixed phase variation between two antennas is assumed. While for non-coherent UE, the relative phase is not fixed. Therefore, if the TRP is measured in AC, the similar issue of phase variation impact applies to non-coherent UE. Therefore, observation 5 and observation 6 are also applies for non-coherent UE.
Observation 6:  Observation 4 and observation 5 are also applicable for non-coherent UE.
Therefore, we have the following proposal for single-layer UL-MIMO TRP test method:
TxD test method 
The agreements for TxD test method are listed as below:
	Issue 1-3-1: 2Tx-based TxD test procedure (first priority) 
· Agreements
· The basic test method for TxD with all the active antennas ON
· Not preclude to consider additional approach with UE-specific configuration 
· Based on vendors declaration to address the phase issue between antennas
· Clarification of UE behavior this UE-specific configuration would trigger and how it can address the phase-dependent destructive superposition of TxD signals to be discussed by RAN4



The phase variation issue for TxD with CDD implementation is quite similar as non-coherent UE for single-layer UL-MIMO case. In addition, TxD is transparent and highly depends on the UE implementation. 
Observation 7: The similar proposal as single-layer UL-MIMO TRP test method can be used for TxD TRP testing.
In summary, the following proposals are made for 2Tx TRP test method:
Proposal 2: RAN4 should decide the 2Tx TRP test method for single-layer UL-MIMO and TxD taking into phase variant impact account.
Proposal 3: For TRP test method of the singe-layer UL MIMO (including cohere UE and Non-coherent/partial-coherent UE) and TxD, RC could be used. If there is no proper solution for phase variant impact in AC, a test mode for adding two antennas TRP separately should be considered.

Conclusion
Observation 1: The selection of the best EIRP per grid point from each of the 4 TPMI, i.e., Option 2, consistently yields a gain (~2.4dB) over the option 1 and single TMPI scheme.
Observation 2: Option 2 will lead to a significant improvement compared to the option 1 which is based on legacy TRP metric.
Observation 3: Phase variation impact is not negligible due to the relative phase error for coherent UE and the phase variation impact depends on the implementation.
Observation 4: 2Tx TRP test method for coherent UE needs to take into phase variant impact account.
Observation 5: RC could be used to solve the phase variation impact in 2Tx TRP testing for coherent UE. If there is no proper solution for phase variant impact in AC, a test mode for adding two antennas TRP separately should be considered.
Observation 6:  Observation 4 and observation 5 are also applicable for non-coherent UE.
Observation 7: The similar proposal as single-layer UL-MIMO TRP test method can be used for TxD TRP testing.

Proposal 1: RAN4 to further discuss the new metric for Option 2, e.g., Integrated Best EIRP over sphere. The coherent UE should include both codebook and non-codebook cases.
Proposal 2: RAN4 should decide the 2Tx TRP test method for single-layer UL-MIMO and TxD taking into phase variant impact account.
Proposal 3: For TRP test method of the singe-layer UL MIMO (including cohere UE and Non-coherent/partial-coherent UE) and TxD, RC could be used. If there is no proper solution for phase variant impact in AC, a test mode for adding two antennas TRP separately should be considered.
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Ant1 EIRP (dB), TRP = 0 dBm

Ant2 EIRP (dB), TRP = 0 dBm
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EIRP pattern (dB) for phase difference of 0 deg
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EIRP pattern (dB) for phase difference of 90 deg
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EIRP pattern (dB) for phase difference of 180 deg
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EIRP pattern (dB) for phase difference of 270 deg
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EIRP envelope (dB)
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6.4D.4 Requirements for coherent UL MIMO

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 connectors in any slot within the specified time window from the last
transmitted SRS on the same antenna connectors, 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 connector 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 4dB 20 msec
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EIRP pattern (dB) for phase difference of 0 deg

o

°




image18.png
EIRP pattern (dB) for phase difference of 40 deg
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EIRP pattern (dB) for phase difference of 80 deg
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