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Introduction
This contribution outlines our view on topic #2 of this SI [1] to define solutions to minimize the impact of polarization basis mismatch between the TE and DUT on the RF testing.
Discussion
Various test or augmented test system approaches to minimize the impact of polarization basis mismatch were presented in the past, e.g., [2][3]. 
In [2], it was proposed to leverage the gNB feedback precoder, i.e., TPMI, to force the UE to transmit simultaneously on both polarizations
		Proposals
	Solve polarization basis mismatch issue?
	Support advanced 
beam management?
(# from hardware capability view)

	Current Test Method
	No
	No

	Proposal 1
	Yes
	(1) gNB feedback precoder (i.e. TPMI)
(2) 2-port CSI-RS beam management

	Proposal 2
	Yes
	2-port CSI-RS beam management

	Proposal 3
	Yes
	No


Table 2. Test facility hardware capability [from [2]]



In a subsequent email discussion held on this topic, the use of TPMI was discussed further [4] with varying views on the applicability of TPMI on minimizing the impact of polarization basis mismatch.

	3.2	Objective 2 aspects
3.2.1	EIRP measurement
Qualcomm: discussion has focused on UE behavior, which is closer to a core requirement; responsibility of testability ends when the test system can correctly capture the radiated power
Samsung: we agree that current test procedure captures the power from the UE; the problem is the test configuration should make sure the UE transmit with 2 Tx to align with the core requirement
Sony: we believe the UE should always transmit with 2 Tx regardless of the polarization of the downlink signal
Apple: we agree with Samsung
LGE: same view as Samsung and Apple; if UE transmits with 1 pol, this could be an issue with core requirement
MediaTek: we agree with Samsung; from the email discussion, maybe only 2 companies think that this is not needed to be changed; 2 other companies think how to trigger 2 Tx and they recognize the issue
Qualcomm: more than 2 companies mentioned that a change in EIRP procedure is not needed
MediaTek: we see three camps: one camp sees the need for a change; second camp sees current test procedure can capture UE EIRP correctly, but based on this procedure in some cases the UE can only be triggered with 1 TX, and they are open to correct this; third camp sees no need for change
Rapporteur: can we discuss camp #2 and how to trigger the UE to 2 Tx?
Qualcomm: we have a concern that the gNB does not have this ability to always trigger 2 Tx
Sony: we share the same view as Qualcomm
Keysight: it would help if we knew what the BS actually does
Samsung: we think that the gNB can decide the UE transmission mode (decided by precoding)
Sony: if Samsung’s comment is valid, then we need to introduce new signaling
Qualcomm: it is correct the TPMI matrix refers to 1 port, but this is a logical port; it is up to UE implementation how to map Tx chains to logical ports
Samsung: in the RAN5 MOP test it is a common rule that the test configuration should clarify the detailed mode; it is not new signaling
Apple: we had a paper that showed in a real deployment gNB signal polarization modes are not constrained and can vary over time; this is not the case in the test system
Keysight: what can vary?
Apple: we are saying there are no constraints on the polarization modes of the gNB signal
Qualcomm: are we discussing non-LOS testing?

[Rapporteur] Does it help to focus on the methods which are reliable and easy to trigger 2TX transmission?
MediaTek: we think this is helpful
Samsung: agree
R&S: since it is not described in the specification, how can 2TX be triggered? Could this be implementation dependent?
Keysight: the trigger is implementation dependent; is this a must-have feature for the test system?
LGE: we need to differentiate between 1TX and 2TX; first we need to find how to trigger 2TX during test; if we consider a new method to do this, then we prefer to consider test time also
Anritsu: we have a concern about actual UE behavior in the field; there must be a case when the UE cannot transmit minimum output power
R&S: can TPMI be the solution?
Samsung: we think the R&S suggestion is good
Qualcomm: we also think that the TPMI method is good, but it is only available to Rel-16 UEs
Keysight: if TPMI solves this problem for Rel-16 and onwards, then we could use Option 7 (test mode) for Rel-15 UEs
Qualcomm: we are not OK with the test mode
Samsung: we understand that Rel-15 UEs have limitations on TPMI; but Rel-15 core requirement and test method have a conflict; as Keysight mentioned, test mode may be able to resolve this
Qualcomm: if compliance testing is release agnostic, is this something that can be done?
R&S: for testing this would not be an issue; there can be different test configurations for different releases
Qualcomm: but this is still not a solution for UEs which have polarization specific beam correspondence
MediaTek: we are fine with the TPMI solution
Apple: we can accept the majority view related to the TPMI solution
Sony: we are OK with the TPMI solution
Qualcomm: so Rel-15 UEs will not have TPMI solution; Rel-16+ UEs can use it; is this the right understanding?
LGE: we are fine with the TPMI solution; we consider both Rel-15 and Rel-16 for this
Qualcomm: in our understanding, this solution is not available to both releases
Rapporteur: it looks like we are converging on a solution for Rel-16+, but there is still an open issue related to Rel-15 UEs
R&S: in testing we can always use TPMI regardless of the release; Rel-15 UEs can ignore this; so there may only be a subset of devices which don’t do anything with this; we consider this a good step forward
Keysight: does TPMI really force the UE to transmit on both polarizations? We think we are still far away from convergence on this; we don’t need to worry about Rel-15 UEs, since they must pass certification with test systems available today
Samsung: we think that the TPMI can really force the UE to transmit on both polarizations
Qualcomm: we think that it still up to UE implementation; this is not automatic



Here, we present our views and subsequent comments/questions to industry.
The Transmitted Matrix Precoding Indicator (TPMI) for NR FR2 was introduced in RAN1 led TS 38.212 for Rel-15 [5] but important and potentially relevant changes were made in Rel-16 [6]. 
The precoding matrix with indices 0-5 are defined in [7], specifically Table 6.3.1.5-1
	
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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While indices 0 and 1 (highlighted in yellow) force single-layer transmission using a single antenna port, indices 2-5 (highlighted in green) force single-layer transmission using two antenna ports. 
TPMI for Fully or Partially Coherent UEs
For coherent UEs, both Rel-15 and Rel-16 allow a TPMI to be used that forces single-layer transmission using two antenna ports, as highlighted in Table 7.3.1.1.2-4 of the Rel-15 spec [5]
	Table 7.3.1.1.2-4: Precoding information and number of layers, for 2 antenna ports, if transform precoder is disabled and maxRank = 2
	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
	2 layers: TPMI=0
	2
	2 layers: TPMI=0

	3
	1 layer: TPMI=2
	3
	reserved

	4
	1 layer: TPMI=3
	
	

	5
	1 layer: TPMI=4
	
	

	6
	1 layer: TPMI=5
	
	

	7
	2 layers: TPMI=1
	
	

	8
	2 layers: TPMI=2
	
	

	9-15
	reserved
	
	





and the same table of the Rel-16 spec [6]
	Table 7.3.1.1.2-4: Precoding information and number of layers, for 2 antenna ports, if transform precoder is disabled, maxRank = 2, and ul-FullPowerTransmission is not configured or configured to fullpowerMode2 or configured to fullpower
	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
	2 layers: TPMI=0
	2
	2 layers: TPMI=0

	3
	1 layer: TPMI=2
	3
	reserved

	4
	1 layer: TPMI=3
	
	

	5
	1 layer: TPMI=4
	
	

	6
	1 layer: TPMI=5
	
	

	7
	2 layers: TPMI=1
	
	

	8
	2 layers: TPMI=2
	
	

	9-15
	reserved
	
	





Hence, for coherent UEs, both Rel-15 and Rel-16 allow a TPMI to be used that forces single-layer transmission using two antenna ports. 
[bookmark: _Ref47111466]Observation 1: For coherent UEs, both Rel-15 and Rel-16 allow a TPMI to be used that forces single-layer transmission using two antenna ports.
TPMI for Non-Coherent UEs
For non-coherent UEs, however, Rel-15 does not allow a TPMI to be used that forces single-layer transmission using two antenna ports as highlighted in Table 7.3.1.1.2-4 of the Rel-15 spec [5]

	Table 7.3.1.1.2-4: Precoding information and number of layers, for 2 antenna ports, if transform precoder is disabled and maxRank = 2
	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
	2 layers: TPMI=0
	2
	2 layers: TPMI=0

	3
	1 layer: TPMI=2
	3
	reserved

	4
	1 layer: TPMI=3
	
	

	5
	1 layer: TPMI=4
	
	

	6
	1 layer: TPMI=5
	
	

	7
	2 layers: TPMI=1
	
	

	8
	2 layers: TPMI=2
	
	

	9-15
	reserved
	
	





Rel-16, on the other hand, introduced a new transmission mode, i.e., ul-FullPowerTransmission = fullpowerMode1, which allows even non-coherent UE to force single-layer transmission using two antenna ports as highlighted in Table 7.3.1.1.2-4A of [6]
	Table 7.3.1.1.2-4A: Precoding information and number of layers, for 2 antenna ports, if transform precoder is disabled, maxRank = 2, and ul-FullPowerTransmission = fullpowerMode1
	Bit field mapped to index
	codebookSubset= nonCoherent

	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1

	2
	2 layers: TPMI=0

	3
	1 layer: TPMI=2





[bookmark: _Ref47111467]Observation 2: For non-coherent UEs, Rel-15 does not allow a TPMI to be used that forces single-layer transmission using two antenna ports.
[bookmark: _Ref47111468]Observation 3: For non-coherent UEs, Rel-16 allows a TPMI to be used that forces single-layer transmission using two antenna ports with the newly introduced ul-FullPowerTransmission = fullpowerMode1 mode.

In summary, TPMI does not allow all UEs to force single-layer transmission using two antenna ports. TPMI therefore does not seem to be a reliable approach to minimize the impact of polarization basis mismatch.
On the other hand, OEMs should comment whether RAN1’s definition of TPMI indices 2-5 forcing single-layer transmission using two antenna ports corresponds to the UE enabling two transmit chains at all times.
[bookmark: _Ref47111469]Observation 4:  OEMs to comment whether RAN1’s definition of TPMI indices 2-5 forcing single-layer transmission using two antenna ports corresponds to the UE enabling two transmit chains at all times
Since the TPMI cannot guarantee that all UEs, specifically Rel-15 non-coherent UEs, simultaneously transmit on both transmit chain/antennas, it is proposed to focus on the polarization scan which can reliably force the UE to simultaneously transmit on both transmit chain/antennas [3] in order to minimize the impact of polarization basis mismatch between the TE and DUT on the RF testing..
[bookmark: _Ref47111567]Proposal 1: RAN4 to focus on the polarization scan which can reliably force the UE to simultaneously transmit on both transmit chain/antennas in order to minimize the impact of polarization basis mismatch between the TE and DUT. 
Conclusion
The following observations and proposals were made in this contribution
Observation 1: For coherent UEs, both Rel-15 and Rel-16 allow a TPMI to be used that forces single-layer transmission using two antenna ports.
Observation 2: For non-coherent UEs, Rel-15 does not allow a TPMI to be used that forces single-layer transmission using two antenna ports.
Observation 3: For non-coherent UEs, Rel-16 allows a TPMI to be used that forces single-layer transmission using two antenna ports with the newly introduced ul-FullPowerTransmission = fullpowerMode1 mode.
Observation 4:  OEMs to comment whether RAN1’s definition of TPMI indices 2-5 forcing single-layer transmission using two antenna ports corresponds to the UE enabling two transmit chains at all times
Proposal 1: RAN4 to focus on the polarization scan which can reliably force the UE to simultaneously transmit on both transmit chain/antennas in order to minimize the impact of polarization basis mismatch between the TE and DUT.
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