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1 Background
A SID for Study on enhanced test methods for FR2 UEs has been approved and the impact of polarization basis mismatch between the TE and DUT on the RF testing has been further discussed in RAN4#98-e with the following candidate solutions having been captured in the WF [1]: 

· Detailed TPMI method enhancement coverage is FFS
· Which TPMI index per test AoA shall be sent by TE is FFS
· Option1: Fixed TPMI index 
· Option2: Optimal TPMI index 
· Option2-A: TE to configure the UE with SRS resources at each grid point
· Option2-B: TE simply try out all TPMIs and choose best one
· UE vendors are encouraged to study the UE EIRP performance delta between Option1 and Option2
· TE vendors are encouraged to study the feasibility/pros/cons of Option2-A/B compared to Option1

In this contribution, we share our views on whether additional test methods need to be introduced. 
2 Remaining issues of TPMI method

RAN4 has agreed to introduce the TPMI based enhancement to facilitate the Tx diversity further triggering during the EIRP test. However, some limitation has been found on such a method, which can be applied to Rel-15 coherent UEs, Rel-16 coherent UEs and Rel-16 nonCoherent UEs which support uplink full power transmission. 

During RAN4#98-e, it has been further identified that the TPMI based solution may have further limitations in terms of coverage according to TS 38.101-2 [2]. Therefore, we provide our understanding of the applicability of TPMI based solution in TS 38.101-2.  

For Rel-15 UEs, the section 6.2D (transmitter power for UL MIMO) only apply to rank 2 MIMO transmission as shown below (TS 38.101-2 15.12.0): 
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On the other hand, section 6.2 (transmitted power) stands for general cases, without any specific limitation on the UL transmission scheme other than the non-CA case to our understanding. Therefore. For Rel-15 coherent UEs, as long as the transmission is a single layer, the requirement in 6.2 transmitter power should be applied. 

For the Rel-16 version of the TS 38.101-2 (16.6.0, see below), it can be found that section 6.2D does not only apply to rank 2 MIMO transmission but also Rel-16 UEs which support uplink full power transmission. Therefore, Rel-16 nonCoherent UEs which support uplink full power transmission should follow the requirement in section 6.2D.
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On the other hand, similarly to Rel-15 coherent UEs, Rel-16 coherent UEs should still follow the general transmitter power requirement as stated in section 6.2, as section 6.2D does not cover it in the Rel-16 specification. 

Observation 1: TPMI method is applicable for clause 6.2 of TS 38.101-2 for Rel-15 and Rel-16 coherent UEs and is applicable for clause 6.2D for Rel-16 nonCoherent UEs with uplink full power transmission. 

How to select the TPMI precoding matrix is another open issue. It was discussed in [3] that different TPMI precoding might provide different performances due to the imperfect dual-polarized design. The active impedance matching may vary with a different precoding matrix. Additionally, the radiation pattern's shape may also affect due to the polarization rotation of the antenna.  To quantify the impact, we simulated a 4*1 patch array with dual-polarized feeding for each element (see Fig. 1(a)) at 28 GHz. The antenna matched well (S11< -15 dB), but the mutual coupling (S21) between two orthogonal polarized feedings is around -10 dB, which is a relatively poor dual-polarized design, in our view. 

Four precoding matrices are compared here [1, 1], [1, -1], [1, 1], [1, 1], and the boresight beam is plotted in fig. 1(b), and the peak realized gain is about 9.6 dBi, 9.8 dBi, 10.2 dBi, and 10 dBi in this case, indicating a limited impact due to different TPMI codes. It is worth mentioning that the impact of TPMI codes is expected to be even smaller if the isolation between the two orthogonally feed ports can be enhanced. 

[image: ][image: ]

Observation 2: There could be a difference in antenna performance between different TPMI precoding matrices, but the impact is limited.
3 Methods other than TPMI
TPMI based solution is not applicable to Rel-15 nonCoherent UEs and Rel-16 nonCoherent UEs which do not support full power transmission.

Before we discuss any specific enhancement for Rel-15 nonCoherent UEs and Rel-16 nonCoherent UEs, we think some general principle needs to be followed: potential enhancement on the test method must be based on how the network operates in real life. In other words, any potential command or setting for the EIRP test enhancement must refrain from the ones that the network would not use. 

In addition, it is also worth mentioning that some devices cannot transmit over two antenna ports coherently in rank 1 transmission (Tx diversity), e.g., non-coherent UEs. Those devices should meet the spherical coverage requirement without being triggered with Tx diversity in the RF test since it would not correspond to field operation.

According to the discussion above, the following proposals are given to provide general principles for introducing enhancement on the EIRP test. 

Proposal 1: Any potential command or setting (test mode) for the EIRP test enhancement shall be avoided. The Test Equipment shall use the same signaling/commands to the UE as used in a real network deployment.

Proposal 2: No test mode should be introduced for polarization basis mismatch enhancement. 

Now moving towards the issue for Rel-15 nonCoherent UEs and Rel-16 nonCoherent. The reason that Tx diversity needs to be triggered during the EIRP test is to ensure those UEs can reach its maximum output power during the conformance test. Those UEs may adopt transparent Tx diversity so that their Tx diversity transmission cannot be controlled by the network. Therefore, one can think about controlling the output power of the UE instead. In the field, when a UE is in connected mode, the network controls the UE output power with a closed loop power control through TPC command. For example, the transmitted in PUSCH can be calculated based on [2] as: 

[image: ]

by which the network can directly control the UE uplink power by open- and closed-loop power control. For transparent Tx diversity the network is not aware of the number of antenna connectors, the same antenna port is assumed. Therefore, when the network configured uplink power is not lower than Pcmax, the UE should be able to reach its maximum output power. The TPC power command is the only mechanism that the network can use to control the UE output power in real life. 

Observation 3: the TPC power command is also the only mechanism that the network can use to control the UE output power in real life.
 
[bookmark: _GoBack]Similarly, we note that TPC (UP) power commands are used in all the MOP tests to ensure that the UE reaches its maximum output power in the connected mode, as it states in TS 38.521. 

Observation 4: The power UP command has been adopted in the RF test to ensure the UE reaches its maximum output power. 

A device with two antenna ports with individual PA on each port can only reach its maximum output power when the devices transmit on both antenna ports coherently. Therefore, the Tx diversity can be triggered by the power command.  Further, as we have already mentioned, the power command is the only command that the network can use in real life to control the UE output power. Therefore, if any devices can still not be able to transmit over two antenna ports with the power command, it is an ill-behaved device and should not be accommodated by modifying the test procedure.   

Proposal 3: There is no need to introduce additional test methods for Rel-15 nonCoherent UEs and Rel-16 nonCoherent UEs. 
4 Conclusion
In this contribution, we have shared our views on some potential enhancement on UE RF test as well as the test setup. The following observations and proposals have been given:
Observation 1: TPMI method is applicable for clause 6.2 of TS 38.101-2 for Rel-15 and Rel-16 coherent UEs and is applicable for clause 6.2D for Rel-16 nonCoherent UEs with uplink full power transmission. 

Observation 2: There could be a difference in antenna performance between different TPMI precoding matrices, but the impact is limited.

Observation 3: the TPC power command is also the only mechanism that the network can use to control the UE output power in real life.

Observation 4: The power UP command has been adopted in the RF test to ensure the UE reaches its maximum output power. 

Proposal 1: Any potential command or setting (test mode) for the EIRP test enhancement shall be avoided. The Test Equipment shall use the same signaling/commands to the UE as used in a real network deployment.

Proposal 2: No test mode should be introduced for polarization basis mismatch enhancement. 

Proposal 3: There is no need to introduce additional test methods for Rel-15 nonCoherent UEs and Rel-16 nonCoherent UEs. 
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6.2D.1.3 UE maximum output power for UL MIMO for power class 3

The following requirements define the maximum output power radiated by the UE with UL MIMO for any transmission
bandwidth within the channel bandwidth for non-CA configuration, unless otherwise stated. *

specified in Table 6.2D.1.3-3. The
period of measurement shall be at least one sub frame (1 ms). The requirement is verified with the test metric of EIRP
(Link=TX beam peak direction, Meas=Link angle).
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6.2D.1.3 UE maximum output power for UL MIMO for power class 3

The following requirements define the maximum output power radiated by the PC3 UE..

with configuration per clause 6

The minimum peak EIRP requirements are found in Table 6.2D.1.3-1 below. The period of measurement shall be at
least one sub frame (1 ). The requirement is verified with the test metric of EIRP (Link=TX beam peak direction,

Meas—Link angle).
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