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Introduction
In previous discussions, the topic related to Tx diversity was treated for Rel-15 and Rel-16 separately. In RAN4#94-e-bis meeting, it was already agreed that TxD is at least supported from Rel-16, and whether to introduce TxD in Rel-15 is still under discussion. 
Time flies, and companies close to have a common understanding that it would be less helpful to discuss the WF or high level principles of how to support TxD rather than to discuss the affected requirements and have a whole view on the work load to standardize supporting transparent TxD. Once the whole picture is clear, we can see whether it is difficult to support TxD even from Rel-15.
This contribution provide detailed analysis for all possibly affected requirements.
Discussion
Agreements for TxD
Before diving into the specific requirements, some agreements reached in previous meeting are listed in this section as a reference. 
· The applicability of Transparent TxD is NOT related to UE supporting or not supporting Rel-16 ULFPTx [1]. 
· Proposals recorded in RAN4#90 Chairman notes [2]
· Proposal 1: The total output power shall be the sum of the powers of the individual antenna ports
· Proposal 2: For 1-layer operation the EVM shall be met on a per antenna basis. 
· Proposal 3: The individual powers at the 2 antennas shall be summed as a function of frequency and compared with the SEM mask. 
· Proposal 4: The sum of the powers of the individual antenna shall meet 31 dB ACLR for PC2
· Proposal 5: The MPR and AMPR values that shall apply at each antenna port are those corresponding to the power class of the UE calculated from the sum of the powers of the individual antenna.  In other words, for a UE delivering PC2 by combining two PC3 chains, each antenna port shall be individually afforded the PC2 MPR/A-MPR.
Though based on the following discussion, how to enable TxD for specific requirements are not decided yet, and the proposals do not cover all aspects of TxD, they can still be considered as a general assumption for the discussions as below.
TxD related requirements
Essentially, there are no big difference for the 2Tx requirements between TxD and UL MIMO. From the requirements adopted in E-UTRA specification for explicitly defined TxD requirements, we can clearly see the similarity, e.g. for LTE V2X. One the other hand, even for NR spec where transparent TxD is up to UE implementation, the requirements for UE supporting UL MIMO when UE falls back to single antenna port transmission, corresponding requirements can also be used for TxD. However, we have to admit that some requirements are not clearly indicate how to apply the requirements for TxD with two antenna connectors, e.g. MOP, unwanted emission, MPR/A-MPR etc. And similar to UL MIMO, since the unwanted emissions shall be applied per UE rather than per antenna connector, corresponding changes of applying SE, SEM as well as applicable MPR/A-MPR shall be reconsidered.
It is worth noting that TxD is a basic assumption for FR2 requirements from Rel-15, addressing the ambiguity of how to apply single antenna port requirements for UE supporting TxD is only considered for FR1 in this contribution, and in that sense, the agreed requirements for eMIMO for FR1 are referred accordingly [3].
In the current specification, i.e. TS 38.101-1, the requirements defined for clauses without suffix are general for single antenna port transmission. Since “antenna port” in the spec is a logical concept defined by RAN1, the requirements should be applicable for UE supporting TxD as well. Thus it is natural to fix the ambiguity of the general requirements for supporting TxD, and consequently the reference of those requirements for fall back to single antenna port under UL MIMO clauses are correct and aligned. 
Proposal 1: It is proposed to fix the general requirements if ambiguity exists for single antenna port transmission in clauses without suffix to consider transparent TxD.  
One more thing, for all possible affected requirements, a principle enabling TxD is to make the possible changes in the spec as less as possible.  
MOP
In general part of TS 38.101, it claims the basic principle for applicable requirements vs antenna connector, i.e.
Unless otherwise stated, the transmitter characteristics are specified at the antenna connector of the UE with a single or multiple transmit antenna(s).
Though the requirements are applicable for multiple antennas, it’s not clearly indicated that the MOP requirement for TxD is measured as the sum of the maximum output power from both UE antenna connectors.
To make the MOP requirements as general as possible, some supplement clarification is needed and it is propose to add the clarification in clause 6.2.1 for MOP:
Unless otherwise stated, the UE output power is measured as the sum of the output power at each UE antenna connector.
Output RF spectrum emissions
Output RF spectrum emissions include requirements of occupied bandwidth, out of band emissions (SEM, A-SEM, ACLR), spurious emissions as well as transmit intermodulation.
For UL MIMO ULFPTx, the applicable spectrum related requirements have been changed from each antenna connector to sum of power/emissions from all antenna connectors. Similar changes can also be adopted for UE supporting TxD.
It is proposed to add some clarifications in clauses for OBW, out of band emissions, spurious emissions and transmit intermodulation.
Alternatively, for simplicity of the specification, the clarification can be made for output RF spectrum emissions with an added general sub-clause.
Regarding ACLR, a requirement of out of band emissions, agreement how to define ACLR for transparent TxD was reached in [4].
ACLRUE = (PADJ, TX1 + PADJ, TX2) / (POWN, TX1 + POWN, TX2)
Where
· PADJ, TX1 = power of the adjacent channel on TX port 1
· POWN, TX1 = power of own channel on TX port 1
· And TX2 similarly. 

According to the equation above, Adjacent Channel Leakage power Ratio (ACLR) is the ratio of sum of the filtered mean power centred on the assigned channel frequency at each antenna connector to the sum of filtered mean power centred on an adjacent channel frequency at each antenna connector.
MPR
For both TxD and UL MIMO, it was already agreed that unwanted emissions should be specified per UE level rather than per antenna connector. According to the proposed changes for SE and SEM, the requirements can alternatively be tightened by 3dB at each antenna connectors instead. Thus for the 2x23dBm 2Tx implementation, no matter TxD or UL MIMO, the PC2 MPR requirements shall be revisited accordingly. 
Based on our evaluation [5], MPR for both DFT-s-OFDM and CP-OFDM are obviously increased especially for the edge RB allocation. Roughly estimate, increasing the output power with 3dB can be considered similarly to tightening the near end requirement by 3dB. For QPSK, 0.5dB additional MPR needs to be considered for the edge RB allocation according to our evaluation. And for 16QAM and 64QAM, the MPR can be aligned with QPSK. The proposed MPR values for power class 2 UE supporting 2Tx transmission are listed in Table 1.
Table 1: Maximum power reduction (MPR) for power class 2 with 2Tx
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM 
	Pi/2 BPSK
	≤ 3.5
	≤ 0.5
	0

	
	QPSK
	≤ 4
	≤ 1
	0

	
	16 QAM
	≤ 4
	[bookmark: OLE_LINK13]≤ 2
	≤ 1

	
	64 QAM
	≤ 4
	≤ 2.5

	
	256 QAM
	≤ 4.5

	CP-OFDM 
	QPSK
	≤ 4
	≤ 3
	≤ 1.5

	
	16 QAM
	≤ 4
	≤ 3
	≤ 2

	
	64 QAM
	≤ 4

	
	256 QAM
	≤ 6.5


As analyzed in [6], since inner allocations are EVM or IBE limited rather than SE and SEM limited, it proposed that PC2 single port inner allocation MPR level can be reused for PC2 power class inner allocation MPR in Tx Diversity and UL MIMO modes, while MPR for outer and edge allocation for PC2 UL MIMO or Tx Diversity implemented with two 23dBm PA is FFS. At least for the inner RB allocations, we have the same observation based on our evaluation. 
Also we noticed that proposed MPR changes for both PC3 and PC2 in [7], in our view, there is no need to change the PC3 MPR requirement for TxD or UL MIMO.
In addition, there are some measurement guidelines described in the specification to improve the measurement accuracy and some changes were already implemented in the E-UTRA specification. With tightened SE and SEM, we can also consider some additional clarification in terms of measurement improvement. A Note was already captured in specification for SEM requirement. 
NOTE:	As a general rule, the resolution bandwidth of the measuring equipment should be equal to the measurement bandwidth. However, to improve measurement accuracy, sensitivity and efficiency, the resolution bandwidth may be smaller than the measurement bandwidth. When the resolution bandwidth is smaller than the measurement bandwidth, the result should be integrated over the measurement bandwidth in order to obtain the equivalent noise bandwidth of the measurement bandwidth.
[bookmark: OLE_LINK15]For PC2 UE supporting TxD or UL MIMO, we propose that the Resolution BW is 10% of the measurement BW and the result should be integrated to achieve the measurement bandwidth.
On the other hand, to comply with the tightened with less power backoff, the setup of sweeping time should also be considered for the SE measurement. Hence, we also propose to add additional clarification that the sweep time shall be set at least as (sweep points)*(symbol length) to improve the measurement accuracy in the SE measurement. 
EVM
In the agreed WF [4], EVM for transparent TxD should be defined as


Which means that EVM should be measured at each antenna connector to get EVM1 and EVM2, then the total EVM for TxD is calculated using RSS method but considering weighting factor of power at each antenna connector.
Summary
Table 2 below lists the summary of all affected requirement for transparent TxD and proposed changes in the specification. 
Specifically, for simplification purpose, the changes for OBW, SEM, SE and transmit intermodulation can alternatively be combined with an additional general sub-clause for Output RF spectrum emissions.
Table 2: Summary of affected requirement for transparent TxD and proposed changes
	Clause
	Requirement
	Proposed clarifications or changes

	6.2.1
	UE maximum output power
	Unless otherwise stated, the UE output power is measured as the sum of the output power at each UE antenna connector.

	6.2.2
	MPR
	· For TxD or UL MIMO, MPR for the power class as indicated by the ue-PowerClass field in capability signaling shall apply to the summed output power from both UE antenna connectors. 
· New PC2 MPR shall be added for TxD/UL MIMO due to changes of unwanted emissions. 

	6.2.3
	A-MPR
	· For TxD or UL MIMO, A-MPR shall apply to the summed output power from both UE antenna connectors. 
· It is FFS whether A-MPR shall be revised for TxD or UL MIMO.

	6.2.4
	Configured transmitted power
	Pcmax,c tolerance for 2Tx

	6.3.1
	Minimum output power
	The minimum output power is defined as the sum of the mean power at each transmit connector in one sub-frame (1 ms).

	6.3.2
	Transmit OFF power
	The transmit OFF power is defined as the mean power at each transmit antenna connector in a duration of at least one sub-frame (1 ms) excluding any transient periods.

	6.3.3
6.3.3.1
	Transmit ON/OFF time mask
	Unless otherwise stated, the transmit power time mask requirements apply at each transmit antenna connector.

	6.3.4
6.3.4.1
	Power control
	Unless otherwise stated, the power control tolerance applies to the sum of output power at each transmit antenna connector.

	6.4
	Transmit signal quality
	Unless otherwise stated, the transmit signal quality requirements are specified at each transmit antenna connector.

	6.4.2.1
	EVM
	For TxD or UL MIMO, EVM is measured at each antenna connector to get EVM1 and EVM2, and the total EVM is calculated by root sum squared values of EVM1 and EVM2 but considering weighting factor of linear power at each transmit antenna connector.

	6.5.1
	Occupied bandwidth
	The requirements for occupied bandwidth apply to the transmitted spectrum and measured as the sum of the power from all UE transmit antenna connectors. 

	6.5.2
	Out of band emission
	Unless otherwise stated, the requirements for out of band emissions resulting from the modulation process and non-linearity in the transmitters apply to the sum of the emissions from all UE transmit antenna connectors.

	6.5.2.4
	ACLR
	Adjacent Channel Leakage power Ratio (ACLR) is the ratio of sum of the filtered mean power centred on the assigned channel frequency at each antenna connector to sum of the filtered mean power centred on an adjacent channel frequency at each antenna connector.

	6.5.3
	Spurious emissions
	Spurious emissions apply to the sum of the emissions from all UE transmit antenna connectors.

	6.5.4
	Transmit intermodulation
	Transmit intermodulation is defined as the sum of output power from all UE transmit antenna connectors.



TxD test related issues
In WF on enabling transparent TxD there are some test related issues to be address as well.
MOP
For MOP, though the requirement was agreed for ULFPTx UL MIMO as “the maximum output power is measured as the sum of the maximum output power from both UE antenna connectors”, there are still two options for how to perform the test.
· Option 1: Use “requirements apply to a sum of both connectors”. 
· Option 2: Use “measured as sum of each antenna connector”.
To combine the two connectors and then perform the test will have unexpected and uncontrollable phase misalignment issue, thus our preference is to carry out the test at each antenna connector and sum the measurement result in a scalar way, which does not need to consider the complicated phase calibration issue for TE or auxiliary power combiner.
It is proposed to perform the MOP measurement at each antenna connector and sum the measurement result in a scalar way.
Unwanted emissions
It was agreed that the unwanted emissions are defined per UE level, but there are several alternative options for the measurement. 
· Option 1: Define “requirements apply to a sum of both connectors”. 
· Option 2: Define “measured as the sum of the emissions from all antenna connectors”. 
· Option 3: Measured per antenna connector against a 3 dB tighter emissions requirement per connector (for two antenna connectors).
The measurement should be as simple as possible and the auxiliary combiner should be avoided in the test. Measurement against with 3dB tightened requirement may not reflect the essential that it is the total unwanted emissions not exceeding the regulatory requirement. Thus our preference is to measure the unwanted emissions at each antenna connector and then add them up in a scalar way.
It is proposed to perform the emission measurement at each antenna connector and sum the measurement result in a scalar way.
Declaration for default Tx connector
Declaration of default Tx connector is for the purpose of UE behavior and TE assumptions in RX and BB tests. 
· 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
For the above options, our preference is option 1b.
UE behaviour under conformance testing
Regarding the UE behaviour under conformance testing, there options are listed.
· 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 
Firstly, we disagree that a specific test mode should be developed just for the TxD related test, which cause unnecessary burden for UE implementation. And we don’t think that Tx diversity status should be maintained all the time during the test. Once the output power lowered down to a certain level, there is no need to transmit at two antenna connectors, which would be a natural implementation choice for UE vendors. Our preference is option 2.
It is proposed not to keep TxD status unchanged all the time during the test and no test mode is needed.
Power splitting behaviour
There are two options for power splitting behaviour:
· Option 1: Only allow equal power split between connectors
· Option 2: Allow any power split between connectors
For simplicity of measurement, our view is that the power should be split equally between connectors, however, the power does not have to be equally split in real application, which is up to UE implementation and we think such flexibility left to UE is necessary. 
It is proposed to split the power equally between connectors during the test but no need to limit the UE behavior like that in real application.

Summary
Table 3 below lists the summary of test related issues and proposals for transparent TxD test.
Table 3: Summary of test related issues for TxD
	Items
	Proposed measurement procedure or UE behavior

	UE maximum output power
	Perform the MOP measurement at each antenna connector and sum the measurement result in a scalar way.

	Unwanted emissions
	Perform the emission measurement at each antenna connector and sum the measurement result in a scalar way.

	Declaration for default Tx connector
	TE needs to detect all declared Tx antenna connectors for ACK and NACK and any other expected response from UE.

	UE behavior under conformance testing
	No need to keep TxD status unchanged all the time during the test and test mode is not necessary.

	Power splitting behavior
	Split the power equally between connectors during the test but no need to limit the UE behavior like that in real application.



Conclusion
Detailed analysis for all possibly affected requirements as well as the test related issues are provided in this contribution. 
Since the transparent TxD requirements would be the same for both Rel-15 and Rel-16, though the analysis of the contribution is under TEI16 agenda, after reviewing all the TxD related requirements, we can see that the affected requirements are almost aligned with the changes for eMIMO ULFPTx. The work load is not as large as expected. If companies collaborated closely and for the better of the whole industry, we can sweep quickly of the remaining issues. Once the TxD requirements for Rel-16 is close to the conclusion, RAN4 can consider the release independent issue and make a decision for Rel-15.
Proposal 1: It is proposed to focus on the transparent TxD requirements for Rel-16 firstly and considering the release independent manner for supporting transparent TxD in Rel-15.
Proposal 2: It is proposed to focus on the affected requirements and corresponding spec changes list in the table below:
	Clause
	Requirement
	Proposed clarifications or changes

	6.2.1
	UE maximum output power
	Unless otherwise stated, the UE output power is measured as the sum of the output power at each UE antenna connector.

	6.2.2
	MPR
	· For TxD or UL MIMO, MPR for the power class as indicated by the ue-PowerClass field in capability signaling shall apply to the summed output power from both UE antenna connectors. 
· New PC2 MPR shall be added for TxD/UL MIMO due to changes of unwanted emissions. 

	6.2.3
	A-MPR
	· For TxD or UL MIMO, A-MPR shall apply to the summed output power from both UE antenna connectors. 
· It is FFS whether A-MPR shall be revised for TxD or UL MIMO.

	6.2.4
	Configured transmitted power
	Pcmax,c tolerance for 2Tx

	6.3.1
	Minimum output power
	The minimum output power is defined as the sum of the mean power at each transmit connector in one sub-frame (1 ms).

	6.3.2
	Transmit OFF power
	The transmit OFF power is defined as the mean power at each transmit antenna connector in a duration of at least one sub-frame (1 ms) excluding any transient periods.

	6.3.3
6.3.3.1
	Transmit ON/OFF time mask
	Unless otherwise stated, the transmit power time mask requirements apply at each transmit antenna connector.

	6.3.4
6.3.4.1
	Power control
	Unless otherwise stated, the power control tolerance applies to the sum of output power at each transmit antenna connector.

	6.4
	Transmit signal quality
	Unless otherwise stated, the transmit signal quality requirements are specified at each transmit antenna connector.

	6.4.2.1
	EVM
	For TxD or UL MIMO, EVM is measured at each antenna connector to get EVM1 and EVM2, and the total EVM is calculated by root sum squared values of EVM1 and EVM2 but considering weighting factor of linear power at each transmit antenna connector.

	6.5.1
	Occupied bandwidth
	The requirements for occupied bandwidth apply to the transmitted spectrum and measured as the sum of the power from all UE transmit antenna connectors. 

	6.5.2
	Out of band emission
	Unless otherwise stated, the requirements for out of band emissions resulting from the modulation process and non-linearity in the transmitters apply to the sum of the emissions from all UE transmit antenna connectors.

	6.5.2.4
	ACLR
	Adjacent Channel Leakage power Ratio (ACLR) is the ratio of sum of the filtered mean power centred on the assigned channel frequency at each antenna connector to sum of the filtered mean power centred on an adjacent channel frequency at each antenna connector.

	6.5.3
	Spurious emissions
	Spurious emissions apply to the sum of the emissions from all UE transmit antenna connectors.

	6.5.4
	Transmit intermodulation
	Transmit intermodulation is defined as the sum of output power from all UE transmit antenna connectors.



Proposal 3: It is proposed to make decision on the test related issues list in the table below:
	Items
	Proposed measurement procedure or UE behavior

	UE maximum output power
	Perform the MOP measurement at each antenna connector and sum the measurement result in a scalar way.

	Unwanted emissions
	Perform the emission measurement at each antenna connector and sum the measurement result in a scalar way.

	Declaration for default Tx connector
	TE needs to detect all declared Tx antenna connectors for ACK and NACK and any other expected response from UE.

	UE behavior under conformance testing
	No need to keep TxD status unchanged all the time during the test and test mode is not necessary.

	Power splitting behavior
	[bookmark: _GoBack]Split the power equally between connectors during the test but no need to limit the UE behavior like that in real application.



A companion CR is provided in [10].
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