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Introduction
Approved WF on Rel-16 TxD [1] in RAN4-96e has a few open issues left for transparent TxD, which include EVM measurement, declaration for default Tx connector, UE behavior under conformance testing, power splitting, necessity of signaling, applicability of transparent TxD requirement, and timing delay (CDD) requirement.
Discussion
EVM measurement
The WF recorded the following agreements· Background: 
· In RAN4#95e, RAN4 agree to define EVM for transparent TxD as: 
· 
· RAN4 further study new test method and EVM definition proposed in R4-2011519: 
· FFS whether or not to use new EVM definition to replace above definition.
· RAN4 agree the location in Specification to capture EVM definition for transparent TxD, as
· Annex F



Assume UE equipped with two Tx antennas, the already agreed EVM measurement has the power weighted EVM averaging. . While in paper [2], the concern to this formula was raised due to its lack of technical justification.  An unbiased MMSE equalizer was used to derive a new EVM measurement criterion.

In [2], for transparent TxD, a 2x2 channel H is assumed between a UE with 2 Tx antennas and a gNB with 2 Rx antennas with one layer transmission between them. In frequency domain by using 2x1 precoding vector w is [w1, w2]T, one layer data symbol x in a subcarrier can be mapped into two Tx antennas, z1 = w1x + n1,  z2 = w2x + n2. In a compact form , where z is [z1, z2]T, the transmit signals out of physical antennas 1 and 2.  n is [n1, n2]T with n1 and n2 are noise from Tx antennas 1 and 2 with variance  and  respectively. The covariance matrix of n is denoted by  =   . They are introduced by Tx imperfection, like Tx quantization noise in BB, non-linear distortion in analog circuitry and they contribute Tx EVM. For Tx antenna connector 1, the EVM1 =  and for antenna connector 2, EVM2 = .  In general, x is assumed with unit power, then EVM1 =  and EVM2 =. 


The proposed EVM by using unbiased linear MMSE receiver, under the condition that noise covariance is diagonal (noise from two antenna connectors are uncorrelated), is 

Let’s take a close look to two EVM formulas. For convenience, we denote  as Eq.1 and 
as Eq.2.

Eq.2 requires two receive antennas and an unbiased linear MMSE equalizer as assumptions to achieve the claimed EVM. It is easy to see  , for example when EVM1 = EVM2,   = . Since there is no mandatary receive architecture for receiver, it is still reasonable to have existing EVM requirements on EVM1 and EVM2. That means EVM requirements are applied on each Tx antenna connector.  The receiver EVM is a function of receiver architecture given EVM1 and EVM2, it can be different for different receive architectures, for example, 4 Rx. Improved receive EVM due to receiver capability should not change EVM requirements on Tx side. Moreover Eq.2 does not consider noise at receiver side. In real deployments scenarios, the noise term is more complicated, it includes Tx noise shaped by channel, and additive Rx noise. the derived EVM may not be able to represent observed true EVM at receiver in real deployments. 

Eq. 1 derives resulting EVM based on power weighted EVM averaging. Intuitively, it makes sense to certain extent since the signal among two Tx antennas with less transmission power contributes less to the performance at the receiver considering the real deployments since receiver noise cannot be ignored. When considering P1 =  = , P2 =  = ,  =  and =, then 



It is simply square root of total noise power () over total signal power (), the total is the sum over two Tx antennas. As far as we know, such EVM may not be able to be observed at any practical receivers. But it can be understood that limiting EVM imposes limit on total noise  when total transmit power  is fixed. It can be approved that if , then  (See proof in Appendix). 

We can have following statement:  If , then



Both Equations have no direct relations to the observed EVM at the practical receiver in real deployments. We slightly prefer to Eq.2 which is not tied to any receiver architectures. Once   is specified, there must be a Tx antenna with better EVM than , say  . For such Tx implementation, when using linear unbiased receiver without Rx noise, we also know observed EVM is better than  from inequality.  This is the relationship between two equations.

Observation 1:   If , then , where  and  with P1, P2 and  and  defined above.

Proposal 1:  Take  as specified EVM for transparent TxD.

Default Tx connector
The WF recorded the following agreements regarding this aspect.RAN4 further study the following options for declaration of default Tx connector:
· Option 1a: TE needs to detect all antenna connectors for ACK and NACK and any other expected response from UE
· Option 1b: TE needs to detect all declared TX antenna connectors for ACK and NACK and any other expected response from UE
· Option 2: UE declares which connector is primary TX connector from which ACK and NACK and any other expected response from UE is transmitted in all cases
· Option 2a: Per instructed as test mode, UE should keep its default connector (based on UE declaration) unchanged from which ACK and NACK and any other expected response from UE is transmitted in all test cases
· Option 3: Regardless of the above options, it should be clarified only tested Tx connector is used as 1Tx transmission.


We think transparent TxD is ‘transparent’ to gNB in real deployment.  But not ‘transparent’ to TE since it has two Tx antenna connectors under tests for FR1 UEs.  In conducted conformance test signalling handshaking between UE and TE under test is expected. For UE under test, the transmit and receive signals are present at both antenna connectors. If TE can support simultaneous transmission and reception with two test ports, then Option 1b should be followed. Otherwise, if TE has only one test port, Option 3 should be followed. We interpret Option 3 is only applicable for TE with 1 test port. 

Proposal 2:  If TE has only one test port for conducted test, option 3 is followed. If TE has two test ports supporting MIMO operation, option 1b is followed.
UE behaviour   
The WF recorded the following agreements regarding this aspect.RAN4 further study the following options for UE behavior under conformance testing:
· 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 it for such power class 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 has to test two Tx antenna connectors either sequentially or concurrently depending on its number of test ports.

Proposal 3: 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 agreements regarding this aspect.RAN4 agree UE behaviour for power splitting as: 
· 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 reasonable assumption 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 4: 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: Use ModifiedMPRbehavior bits to signal additional relaxations.
· Option 2: Introducing a new (capability) signalling for TxD
· Option 3: Introducing a new power class (e.g. PC2.5) for TxD
· Option 4: No need for TxD signalling


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 1 is preferred. Otherwise, there is no need for TxD signalling (option 4). We don’t see the justifications on why a new (capability) signalling or a new power class is needed and how it can be used. 

Proposal 5: Use ModifiedMPRbehavior bits to signal additional relaxations if MPR/AMPR for transparent TxD is different with general requirements.


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
· Whether or not a UE implementation use transparent TxD 
· Follow capability signalled by UE if UE capability is introduced.
· Based on UE vendor declaration if UE capability is not introduced. 
· 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. This differentiation should be based on UE declaration.

Proposal 6: For better clarity, the transparent specific requirements and test procedure should be differentiated with general case and this differentiation should be based on UE declaration. 


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: 
· FFS the necessity of CDD related requirement, by considering: 
· Factors to determine the value of CDD in UE implementation
· Testability
· Other factors are not excluded. 


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 [2], 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 7: The requirements of TAE+CDD on transparent TxD should be specified in order to have performance guaranteed.

Proposal 8: 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.

  Observation 1:   If , then , where  and  with P1, P2 and  and  defined above.

Proposal 1:  Take  as specified EVM for transparent TxD.

Proposal 2:  If TE has only one test port for conducted test, option 3 is followed. If TE has two test ports supporting MIMO operation, option 1b is followed.

Proposal 3: 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 4: Define equal power split between Tx connectors.

Proposal 5: Use ModifiedMPRbehavior bits to signal additional relaxations if MPR/AMPR for transparent TxD is different with general requirements.

Proposal 6: For better clarity, the transparent specific requirements and test procedure should be differentiated with general case and this differentiation should be based on UE declaration. 

Proposal 7: The requirements of TAE+CDD on transparent TxD should be specified in order to have performance guaranteed.

Proposal 8: 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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Appendix


Statement: If , then . 
Where  =  and =,  and  and , ,  and  are all positive real numbers.

Proof:

In order to show , it is sufficient to show that 

where  =  ,  =  , and .

Since , we have , i.e. ,  we further have 

Since, we have         (1)

Since , we have        (2)

Combine results of (1) and (2), we have   

End of Proof
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