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Introduction
[bookmark: _GoBack]Approved WF on Rel-16 TxD [1] in RAN4-97e showed agreements on default Tx connector and MPR requirements. But many aspects are still left open, which include EVM measurement, UE behavior under conformance testing, power splitting, necessity of signaling, applicability of transparent TxD requirement, and timing delay (CDD) requirement. In this paper, we present our view on these open issues.
Discussion
EVM measurement
The WF recorded the following options· Proposals: 
· Option 1: As in agreed WF R4-2008465
· 
· Option 2: As has been provided in R4-2016288:
· Option 2a.
·  where 
· Option 2b.



The already agreed EVM measurement has the power weighted EVM averaging.  . while in [2], the new EVM formulas were proposed. The derivations in [2] assumed there is no receiver noise or receiver noise has negligible impact on EVM test, which is true in setup of TE conformance test. But EVM requirements should be specified to be reasonable in real deployment scenarios where receiver noise cannot be ignored.  Option 1 is in power weighted manner where the signal coming out of high-power connector will likely sustain the receiver noise. In such consideration, we think Option 1 is a better choice.

Proposal 1:  Take  as specified EVM for transparent TxD.

UE behaviour   
The WF recorded the following options regarding this aspect.Background:  Motivation is to guide how to test requirements that require power changes such as relative power control.
Proposals:
· Option 1a: UE will keep the tx diversity status unchanged in conformance testing.
· Option 1b: Test mode signalling is implemented to instruct UE to keep TX div status unchanged
· Option 2: TE will detect and sum for every power step and change in condition from all connector


Transparent TxD is a UE capability and whether transparent TxD is enabled by UE is up to UE implementation. There is no signalling to enable it in current specifications. If UE uses transparent TxD to support a power class in real deployments, transparent TxD for such UE must be tested and during testing UE needs to keep the tx diversity status unchanged in conformance test. option 1a needs to be followed. 

The question is how to keep UE in transparent TxD mode under conformance test. Our understanding is it is not common for a UE to have certain power class supported by 1Tx antenna and also by transparent TxD (2 Tx antennas) and switch between them dynamically during operations. Therefor when UE declares that it uses transparent TxD to support a power class, it is expected it will use such power class for operations including testing. So TE only need to make sure UE operates in that power class in conformance test. We don’t think test mode signalling is really needed. If some UEs really need test mode signalling to keep TxD status, then such signalling is optional to the UEs supporting a power class by transparent TxD only. In this case, option 1b is also possible. 

For transparent TxD, option 2 is needed regardless option 1a and 1b since TE needs to test two Tx antenna connectors either sequentially or concurrently depending on its number of test ports.

Proposal 2: UE under test should keep tx diversity status unchanged in conformance test (option 1a), if signalling is needed for some UEs to perform transparent TxD (option 1b), such signalling should be optional. Regardless option 1a and 1b, TE should detect and sum for every power step and change in condition from all connectors (Option 2).

Power Splitting Behaviour
The WF recorded the following options regarding this aspect.Background: Motivation is to guide how to test requirements that require power changes such as relative power control 
Proposals: 
· Option 1: Only allow equal power split between connectors
· Excludes 17+17+20 dBm implementations
· Excludes power control optimizations
· Option 1a: Per instructed as test mode, UE should keep equal power split between connectors in all cases. 
· Option 2: Allow any power split between connectors


The equal power split is required for UL-MIMO. In our understanding transparent TxD is considered as one of fallback transmission modes from MIMO operations. In this sense, option 1 is a practical implementation since transparent TxD is naturally built on the same architecture as UL-MIMO.  Unequal power split between connectors is valid in theory but may not be favourable in practice. 

Proposal 3: Define equal power split between Tx connectors.

Signaling for Transparent TxD
The WF recorded the following agreements regarding this aspect.Whether and how RAN4 introduce signalling for transparent TxD: 
· Option 1: Introduce some sort of signaling by UE
· Option 1a. Use ModifiedMPRbehavior bits to signal additional relaxations;
· Option 1b: Introducing a new (capability) signalling for TxD
· Option 1c: Introducing a new power class (e.g. PC2.5) for TxD
· Option 2: Based on UE vendor declaration.
· Option 3: Using existing signalling to indicate the 2Tx implementation capability.


Transparent TxD is ‘transparent’ to gNB in term of operation. In case, MPR/AMPR for transparent TxD is different with 1 Tx transmission, then option 1a is preferred. During GTW session in last meeting, Option 1b seemed also reasonable in the sense that overhead of signalling in option 1a is larger than option 1b. Option 1a is per band while option 1b is per UE.  

Proposal 4: Both Option 1a and 1b can be used. 
Applicability of Transparent TxD Requirements
The WF recorded the following agreements regarding this aspect.The applicability of the newly introduced test procedure (if any) and specific requirement (if any) for transparent TxD UE : 
· FFS whether or not applicable to UE implementation without transparent TxD
· If requirements are embedded in to general requirements or distinguished in to TxD dedicated requirements is FFS


Some requirements (like MPR/AMPR) and test procedures (summation for power and emission) for transparent TxD are different with general requirements. We prefer to have separate clauses in general requirements to differentiate them to have better clarity. 

Proposal 5: For better clarity, the transparent TxD specific requirements and test procedure should be differentiated with general case.

CDD-related Requirements
The WF recorded the following agreements regarding this aspect.For transparent TxD UE, necessity of CDD related requirements, e.g. requirement on TAE+CDD, is need to be further studied: 
Proposals
· Option 1: Yes
· Option 2: No.


The motivation to use transparent TxD assumes transparent TxD can achieve better performance than single Tx antenna transmission. If the TAE+CDD could not guarantee the former to achieve better performance than the latter, then there is no reason to use transparent TxD. It is indispensable to have requirements on TAE+CDD to guarantee performance. In our previous contribution [3], the simulations showed the performance of transparent TxD only outperforms 1 Tx (with 3dB less power, this is the most conservative comparison) at certain range of TAE+CDD with certain signal BW limitation. In summary, we have following proposals.

Proposal 6: The requirements of TAE+CDD on transparent TxD should be specified in order to have performance guaranteed.

Proposal 7: Simulation assumption should be specified for simulation campaign as Table 1:

Table 1 Simulation assumptions
	Parameter
	Value

	FR scenario
	FR1 

	Waveform
	CP-OFDM 

	SCS
	FR1: 30 kHz

	CBW
	FR1: 5/50/100 MHz

	FRC
	Rank 1, MCS 16 (Table 1)

	CDD
	[0 2 4 8 16]*Ts for CBW = 5/50/100MHz, where Ts = 1/30.72MHz = 32.6ns


	TAE
	0ns, 65ns and 130ns

	Transmission scheme
	Option 1: TPMI 0 (i.e. [1; 0]/sqrt(2)) [emulation of 1Tx with 23dBm]
Option 2: TPMI 2 (i.e. [1; 1]/sqrt(2)) + CDD [emulation of 2Tx with 23dBm each]

	DMRS configuration
	Type 1, Single Symbol, One additional DMRS, No PUSCH mapping in DMRS symbol

	Antenna configuration
	2x2; Low, Medium and High correlation

	Channel model
	TDLA30-10



Conclusion
 There are a few open issues in transparent TxD. In this contribution, we propose to close some open issues with following proposals.

Proposal 1:  Take  as specified EVM for transparent TxD.

Proposal 2: UE under test should keep tx diversity status unchanged in conformance test (option 1a), if signalling is needed for some UEs to perform transparent TxD (option 1b), such signalling should be optional. Regardless option 1a and 1b, TE should detect and sum for every power step and change in condition from all connectors (Option 2).

Proposal 3: Define equal power split between Tx connectors.

Proposal 4: Both Option 1a and 1b can be used. 

Proposal 5: For better clarity, the transparent TxD specific requirements and test procedure should be differentiated with general case. 

Proposal 6: The requirements of TAE+CDD on transparent TxD should be specified in order to have performance guaranteed.

Proposal 7: Simulation assumption should be specified for simulation campaign as Table 1:

Table 1 Simulation assumptions
	Parameter
	Value

	FR scenario
	FR1 

	Waveform
	CP-OFDM 

	SCS
	FR1: 30 kHz

	CBW
	FR1: 5/50/100 MHz

	FRC
	Rank 1, MCS 16 (Table 1)

	CDD
	[0 2 4 8 16]*Ts for CBW = 5/50/100MHz, where Ts = 1/30.72MHz = 32.6ns


	TAE
	0ns, 65ns and 130ns

	Transmission scheme
	Option 1: TPMI 0 (i.e. [1; 0]/sqrt(2)) [emulation of 1Tx with 23dBm]
Option 2: TPMI 2 (i.e. [1; 1]/sqrt(2)) + CDD [emulation of 2Tx with 23dBm each]

	DMRS configuration
	Type 1, Single Symbol, One additional DMRS, No PUSCH mapping in DMRS symbol

	Antenna configuration
	2x2; Low, Medium and High correlation

	Channel model
	TDLA30-10
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