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In RAN4#109, TRP test method for single-layer UL-MIMO was discussed and the WF was approved in [1]. In this meeting, we provide the simulation results and further views on TRP test method for single-layer UL MIMO UE.
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Single-layer UL-MIMO TRP test method 
Coherent UE
As agreed in [1], test methods for fully coherent UE supports multiple TMPI index 2-5 were captured as follows.
	Issue 1-1-1: For fully Coherent UE support multiple TPMI index 2~5  
· Proposals
· Option 1 (averaging TRPs)
· Option 2 (Max EIRPs)
Agreements:
· Focus on performance metric discussion of two options with a goal to select a single metric as baseline in Rel-18. 
· Comparison criteria to assist in down-selection should be discussed in the next meetings


In previous meetings, the phase variation impact was discussed in [2] [3] which might have different impact on Option 1 and Option 2. Therefore, the assumptions about phase variation for single-layer UL-MIMO was captured in the Annex as agreed in [1]. Companies are encouraged to evaluate the phase variation that should be taken into account when down selecting the performance metric. 
Therefore, we used the same assumptions as [2]. That says the FS antenna patterns from [4] considered 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 to minimize the potential impact by coarse measurement grid. The carrier frequency is 3GHz. In the simulations, the random phase errors and amplitude errors are consider for each of TMPI per measurement point and the total of 1000 snapshots were run to analyze the distribution.
Table 1 shows the impact with random phase error and amplitude error with 40deg as the maximum phase variations and 4dB as the maximum amplitude variations. Here TRP impact is calculated by TRP with error – TRP without error.
Table 1: Impact with random phase and amplitude errors with 40deg as the maximum phase variation
	TRP w/o error (Opt. 1a) [dBm]

	TRP Impact (Opt. 1a) [dB]
	TRP w/o error (Opt. 1b) [dBm]
	TRP Impact (Opt. 1b) [dB]
	TRP w/o error (Opt. 2) [dBm]
	TRP Impact (Opt. 2) [dB]
	Std. Dev. with error (Opt. 1a) [dB]
	Std. Dev. with error (Opt. 1b) [dB]
	Std. Dev. with error (Opt. 2) [dB]

	26
	-0.008
	26
	-0.006
	28.378
	-0.137
	0.003
	0.002
	0.002


Similarly, Table 2 shows the impact with random phase error and amplitude error with 360deg as the maximum phase variations and 4dB as the maximum amplitude variations.
Table 2: Impact with random phase and amplitude errors with 360deg as the maximum phase variation
	TRP w/o error (Opt. 1a) [dBm]

	TRP Impact (Opt. 1a) [dB]
	TRP w/o error (Opt. 1b) [dBm]
	TRP Impact (Opt. 1b) [dB]
	TRP w/o error (Opt. 2) [dBm]
	TRP Impact (Opt. 2) [dB]
	Std. Dev. with error (Opt. 1a) [dB]
	Std. Dev. with error (Opt. 1b) [dB]
	Std. Dev. with error (Opt. 2) [dB]

	26
	-0.004
	26
	-0.006
	28.378
	-0.445
	0.003
	0.002
	0.002



Observation 1: With 40deg as the maximum phase variation and 4dB as the maximum amplitude variation, the TRP impact on Option 1a/1b is less than 0.01dB, and the TRP impact on Option 2 is about 0.14dB. The standard deviations for option 1a/1b/2 are negligible.
Observation 2: With 360deg as the maximum phase variation and 4dB as the maximum amplitude variation, the TRP impact on Option 1a/1b is less than 0.01dB, and the TRP impact on Option 2 is about 0.45dB which is slightly larger than 40deg phase error results. The standard deviations for option 1a/1b/2 are negligible.
Observation 3: The difference between option 1a and 1b are negligible. If we go with Option 1, Option 1a should be selected for testing time reduction.
In order to further evaluate the impact of phase error and amplitude error on TRP for Option 2 respectively, Table 3 provides more results with/without phase error or amplitude error for option 2.
Table 3: Impact with/without random phase errors or amplitude errors 
	Max ampl. variation [dB]
	Max rel phase variation [deg]
	TRP w/o error (Opt. 2) [dBm]
	TRP Impact only with ampl. error (Opt. 2)  [dB]
	TRP Impact only with phase error (Opt. 2)  [dB]

	4
	40
	28.38
	-0.11
	-0.03

	4
	360
	28.38
	-0.11
	-0.38



Observation 4: With 40deg as the maximum phase variation and 4dB as the maximum amplitude variation, amplitude error will introduce lager impact than phase error. 
Observation 5: With 360deg as the maximum phase variation and 4dB as the maximum amplitude variation, phase error will introduce lager impact than amplitude error.
Observation 6: If the EIRP measurement for each TPMI can be completed within 20ms, the simulation results with 40deg as the maximum phase variation can be referred. Otherwise, the simulation results with 360deg as the maximum phase variation can be referred.
Observation 7: TE vendors are encouraged to provide the feedback on ERIP measurement time for each TPMI.
Non-coherent/partial-coherent UE
For non-coherent UE, the relative phase is not fixed. Therefore, phase variation with 360deg as the maximum value was simulated. And the amplitude error is 4dB which is the same as coherent UE. Since TMPI=2 was agreed as the baseline for non-coherent/partial-coherent UE TRP testing. Table 4 shows the impact with random phase and amplitude errors for non-coherent UE, e.g., Impact = TRP_TPMI2 – mean (TRP_TPMI2_with error).
Table 4: Impact with/without random phase errors or amplitude errors with TPMI=2
	Max ampl. variation [dB]
	Max rel phase variation [deg]
	TRP w/o error, TPMI=2 [dBm]
	TRP impact with error, TMPI=2[dB]
	Std. Dev. with error (Opt. 1b) [dB]

	4
	360
	25.80
	0.19
	0.02



Observation 8: With 360deg as the maximum phase variation and 4dB as the maximum amplitude variation, the TRP impact for non-coherent UE with TPMI=2 is 0.19dB. The standard deviation is 0.02 which is negligible.
Similarly, the results for TPMI = 3/4/5 are provided in Table 5/6/7 for comparison.
Table 5: Impact with/without random phase errors or amplitude errors with TPMI=3
	Max ampl. variation [dB]
	Max rel phase variation [deg]
	TRP w/o error, TPMI=3 [dBm]
	TRP impact with error, TMPI=2[dB]
	Std. Dev. with error (Opt. 1b) [dB]

	4
	360
	26.18
	0.19
	0.02



Table 6: Impact with/without random phase errors or amplitude errors with TPMI=4
	Max ampl. variation [dB]
	Max rel phase variation [deg]
	TRP w/o error, TPMI=3 [dBm]
	TRP impact with error, TMPI=2[dB]
	Std. Dev. with error (Opt. 1b) [dB]

	4
	360
	25.94
	0.05
	0.02



Table 7: Impact with/without random phase errors or amplitude errors with TPMI=5
	Max ampl. variation [dB]
	Max rel phase variation [deg]
	TRP w/o error, TPMI=3 [dBm]
	TRP impact with error, TMPI=2[dB]
	Std. Dev. with error (Opt. 1b) [dB]

	4
	360
	26.00
	-0.01
	0.02



Observation 9: The mean of TRP impact is related to selected TPMI. 
TxD test method 
The phase variation issue for TxD with CDD implementation is quite similar as non-coherent UE for single-layer UL-MIMO case. The simulation results in section 2.1 can be referred.
Conclusion
In this paper, we discussed the TRP test method for 2Tx UE. The following observations are made:
Observation 1: With 40deg as the maximum phase variation and 4dB as the maximum amplitude variation, the TRP impact on Option 1a/1b is less than 0.01dB, and the TRP impact on Option 2 is about 0.14dB. The standard deviations for option 1a/1b/2 are negligible.
Observation 2: With 360deg as the maximum phase variation and 4dB as the maximum amplitude variation, the TRP impact on Option 1a/1b is less than 0.01dB, and the TRP impact on Option 2 is about 0.45dB which is slightly larger than 40deg phase error results. The standard deviations for option 1a/1b/2 are negligible.
Observation 3: The difference between option 1a and 1b are negligible. If we go with Option 1, Option 1a should be selected for testing time reduction.
Observation 4: With 40deg as the maximum phase variation and 4dB as the maximum amplitude variation, amplitude error will introduce lager impact than phase error. 
Observation 5: With 360deg as the maximum phase variation and 4dB as the maximum amplitude variation, phase error will introduce lager impact than amplitude error.
Observation 6: If the EIRP measurement for each TPMI can be completed within 20ms, the simulation results with 40deg as the maximum phase variation can be referred. Otherwise, the simulation results with 360deg as the maximum phase variation can be referred.
Observation 7: TE vendors are encouraged to provide the feedback on ERIP measurement time for each TPMI.
Observation 8: With 360deg as the maximum phase variation and 4dB as the maximum amplitude variation, the TRP impact for non-coherent UE with TPMI=2 is 0.19dB. The standard deviation is 0.02 which is negligible.
Observation 9: The mean of TRP impact is related to selected TPMI. 
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Annex coherent UL-MIMO simulation assumption (for information)
During TRP measurement, maximum power is transmitted all the time as “power up” command is sent to UE constantly. In other words, there is no need to simulate power control.

Assume the total available power is PT = 10(26/10) mW, PA and PB are conducted power from Antenna A and B, respectively, PV is a random variable between [1, 10(4/10)] with a uniform distribution (to be agreed). Then we have 
PA + PB = PT    (1)
PA = PB * PV    (2)
PA and PB can be solved by putting equation (2) to (1)

PB = PT / (1 + PV)         (3)
PA = PT * PV / (1 + PV)    (4)
During simulations, PV can be generated every T ms. The value T represents how quickly relative power level between antenna A and B changes.
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.
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