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1
Introduction
“TPMI side condition method” and “2-port CSI-RS method” are two of the mentioned methods for EIRP measurement issue [1]. We share our further views and analysis on these two promising methods. 
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About “TPMI side condition method”
We focus on below two sub-topics here:
(#Topic 2.a) Is “TPMI side condition method” feasible to Rel-15 UE?

In our understanding, “TPMI side condition method” is feasible for Rel-15 and forward UE. Some Rel-15 TS contents are captured as below for reference. 
In TS 38.214 (V15.11.0), sub-clause 6.1.1.1:

[image: image1]
Observation1: Apply TPMI is the typical case for Rel-15 and forward UE.
In TS 38.211 (V15.8.0), sub-clause 6.3.1.5:


[image: image2]
Observation2: Two-antenna-ports TPMI cases are defined for Rel-15 and forward UE.
In TS 38.212 (V15.10.0), sub-clause 7.3.1:


[image: image3]
Observation3: The available TPMI while “transform precoder is enabled” is defined in TS 38.212. For example, while UE support “meet fullyAndPartialAndNonCoherent”, TPMI 0~5 can be used. Hence, practical TPMI can be used to enhance UE performance in real filed. 
Proposal1: List and apply “TPMI side condition method” as one of EIRP measurement enhancement methods for Rel-15 and forward UE.
(#Topic 2.b) Furthermore, why “practical TPMI“ shall be applied, rather than just “dummy TPMI”?
Either “dummy TPMI” or “practical TPMI” can at least trigger UE dual-polarization Tx during EIRP measurement. However, for a practical dual-polarization antenna array design, the two polarizations would NOT be orthogonal perfectly. It means that “if test facility doesn’t provide practical TPMI information, the UE would only apply conservative mechanism during test to only sum the two polarization signal power up to avoid out-of-phase cancellation possibility”. However, it would lead the measured EIRP value be underestimated than achievable EIRP in real field. The situation is more obvious while we use a single-pol antenna array for 2-layer application as an example in Table 1.

	antenna array architecture 
for 2-layer application
examples
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the other one in blue color)
	antenna array gain

	
	achievable performance 
in real field
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(A)
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this case. However, if TE only provides “1-port CSI-RS without DCI (download control
channel)” information, UE only can apply conservative mechanism to make sure the
two polarization at least can be sum-up like a orthogonal case. It means that the

measured array gain is less than practical array gain. We use single-polarization
antenna array (Fig2) to highlight the situation by Table 4. The difference between
practical hardware capability and measured result is much larger.

LAY

Fig 1. Practical dual-pol 1x4 antenna array polarizations are not perfect orthogonal.
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	practical dual-pol 
1x4 antenna array
 (not perfect orthogonal)
	> 6 dB
	6 dB
	- TBD dB
(Case by case)
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	single-pol 
1x8 antenna array
	9 dB
	6 dB
	- 3 dB


Table 1. Examples about with practical TPMI and with dummy TPMI
Proposal2: “Practical TPMI” shall be further applied for “TPMI side condition method”
3
About “2-port CSI-RS method”

In real field, under basic beam correspondence mechanism, UE will estimate the real field channel status, and then to do proper setting for antenna array beamforming.
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Fig 1. gNB would have dual-polarization antenna array, and has capability

to transmit DL signal to UE simultaneously.

As illustrated in Fig 1, the channel model between UE and gNB can be lumped as below H-matrix:
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Note that, the practical channel model components for “UE and gNB H-pol (hvh, hhh)” and “UE and gNB V-pol (hvv, hhv)” are not the same; hence, if only “1-port CSI-RS” is provided, the UE will NOT have enough channel information to decide the most proper beamforming setting. In other word, it means that the measured UE EIRP would be underestimated.

We use one example to quantify the potential underestimated EIRP measurement value if 1-port CSI-RS only, compared to 2-port CSI-RS in Fig 2. The data shows that, the underestimated peak EIRP value is around 0.6 dB; and the underestimated 50%-tile EIPR value is around 2 dB. 
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Fig 2. Case study for potential underestimated EIRP measurement value 
if 1-port CSI-RS only, compared to 2-port CSI-RS.
Observation4: EIRP measurement result based on 1-port CSI-RS is not enough to reflect real UE achievable EIRP performance in real field.
Hence, to make the EIRP measurement well aligns with achievable performance in real filed, we further propose:

Proposal3: “2-port CSI-RS” shall be provided in EIRP test procedure.

Furthermore, there are different Pros/Cons from facility complexity and test time perspectives between apply simultaneous or sequent 2-port CSI-RS, as summarized in Table 2. Moreover, either one doesn’t have impact on test result actually. Hence, either simultaneous or sequent 2-port CSI-RS is acceptable.
	2-port CSI-RS
	facility complexity
	test time

	simultaneous
	more complex
	better (shorter)

	sequent
	simpler
	worse (longer)


Table 2. Pros and Cons of simultaneous and sequent 2-port CSI-RS
Proposal4: “2-port CSI-RS” can be provided simultaneously or in sequent.

4
Conclusion
To well capture UE achievable performance in real filed for both “Min EIRP” and “Max EIRP” requirement compliance check. The observations and proposals are listed here.
※ About practical TPMI:
Observation1: Apply TPMI is the typical case for Rel-15 and forward UE.

Observation2: Two-antenna-ports TPMI cases are defined for Rel-15 and forward UE.

Observation3: The available TPMI while “transform precoder is enabled” is defined. For example, while UE support “meet fullyAndPartialAndNonCoherent”, TPMI 0~5 can be used. Hence, practical TPMI can be used to enhance UE performance in real filed. 
Proposal1: List and apply “TPMI side condition method” as one of EIRP measurement enhancement methods for Rel-15 and forward UE.

Proposal2: “Practical TPMI” shall be further applied for “TPMI side condition method”

※ About 2-port CSI-RS:
Observation4: EIRP measurement result based on 1-port CSI-RS is not enough to reflect real UE achievable EIRP performance in real field.

Proposal3: “2-port CSI-RS” shall be provided in EIRP test procedure.

Proposal4: “2-port CSI-RS” can be provided simultaneously or in sequent.
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6.1.1.1	Codebook based UL transmission


For codebook based transmission, PUSCH can be scheduled by DCI format 0_0, DCI format 0_1 or semi-statically configured to operate according to Clause 6.1.2.3. If this PUSCH is scheduled by DCI format 0_1, or semi-statically configured to operate according to Clause 6.1.2.3, the UE determines its PUSCH transmission precoder based on SRI, TPMI and the transmission rank, where the SRI, TPMI and the transmission rank are given by DCI fields of SRS resource indicator and Precoding information and number of layers in clause 7.3.1.1.2 of [5, TS 38.212] or given by srs-ResourceIndicator and precodingAndNumberOfLayers according to clause 6.1.2.3. The TPMI is used to indicate the precoder to be applied over the layers {0…ν-1} and that corresponds to the SRS resource selected by the SRI when multiple SRS resources are configured, or if a single SRS resource is configured TPMI is used to indicate the precoder to be applied over the layers {0…ν-1} and that corresponds to the SRS resource. The transmission precoder is selected from the uplink codebook that has a number of antenna ports equal to higher layer parameter nrofSRS-Ports in SRS-Config, as defined in Clause 6.3.1.5 of [4, TS 38.211]. When the UE is configured with the higher layer parameter txConfig set to 'codebook', the UE is configured with at least one SRS resource. The indicated SRI in slot n is associated with the most recent transmission of SRS resource identified by the SRI, where the SRS resource is prior to the PDCCH carrying the SRI.





For codebook based transmission, the UE determines its codebook subsets based on TPMI and upon the reception of higher layer parameter codebookSubset in pusch-Config which may be configured with 'fullyAndPartialAndNonCoherent', or 'partialAndNonCoherent', or 'nonCoherent' depending on the UE capability. The maximum transmission rank may be configured by the higher layer parameter maxRank in pusch-Config.





6.3.1.5	Precoding





For codebook-based transmission, the precoding matrix � QUOTE � ��� is given by � QUOTE � ��� for single-layer transmission on a single antenna port, otherwise by Tables 6.3.1.5-1 to 6.3.1.5-7 with the TPMI index obtained from the DCI scheduling the uplink transmission or the higher layer parameters according to the procedure in [6, TS 38.214]. 


When the higher-layer parameter txConfig is not configured, the precoding matrix � QUOTE � ���.





Table 6.3.1.5-1: Precoding matrix � EMBED Equation.3 ��� for single-layer transmission using two antenna ports.


TPMI index�
� EMBED Equation.3 ����(ordered from left to right in increasing order of TPMI index)�
�
0 – 5�
� EMBED Equation.3 ����
� EMBED Equation.3 ����
��
��
��
��
-�
-�
�






Table 7.3.1.1.2-5: Precoding information and number of layers, for 2 antenna ports, if transform precoder is enabled, or if transform precoder is disabled and maxRank = 1


Bit field mapped to index�
codebookSubset = fullyAndPartialAndNonCoherent�
Bit field mapped to index�
codebookSubset = nonCoherent�
�
0�
1 layer: TPMI=0�
0�
1 layer: TPMI=0�
�
1�
1 layer: TPMI=1�
1�
1 layer: TPMI=1�
�
2�
1 layer: TPMI=2�
�
�
�
3�
1 layer: TPMI=3�
�
�
�
4�
1 layer: TPMI=4�
�
�
�
5�
1 layer: TPMI=5�
�
�
�
6-7�
reserved�
�
�
�
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