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1 Introduction
TxD has been widely discussed in Rel-15 but no conclusion can be reached. To solve the dead lock, now efforts are focusing on specifying the requirements in Rel-16 then see whether it can also be included in Rel-15.

In RAN4#95e, the WF [1] on enabling transparent TxD has been approved as a starting point to stabling the TxD requirements and also the measurements.
This paper continue discuss the open issues.

2 Discussion

2.1 Summing the power and emissions
In WF [1], following options are given and further down selection is needed.
	Issue 3-3-1: Summing the power and emissions
· Motivation is to define requirements so that power is measured correctly for all implementations
· Option 1: Use “requirements apply to a sum of both connectors”. 
· Option 2: Use “measured as sum of each antenna connector”.


Option 2 is the current wording, used widely in RAN4 specs. And no issue has been caused by current wording. The argument of changing this wording to option 1 is to “leave the testing aspect to ran5 and RAN4 discuss what are requirements for UE”. 
It is well known that RAN4 define requirements, and the testing aspects especially detailed testing procedures are to be specified in RAN5 (this is the main work of RAN5). However, when the requirements are introduced in RAN4 the situation is that it shall be crystal clear how these requirements will be measured since the requirement definition and final verdict are tightly connected to way of measurement. RAN4 cannot define requirements in one way but measured by RAN5 in another way, then argue between RAN4 and RAN5 back and forth. Low efficiency and big burden might be caused by such kind of ambiguity or misunderstanding in the beginning of requirement definition. And this kind of problem shall be avoided.
Therefore, in our view, only define requirements in RAN4 but ignore how the requirements will be measured is not a way to go.
Observation 1:   Way of measuring requirement in RAN4 shall be crystal clear, since the requirement definition and final verdict are tightly connected to measurement.

Observation 2:   It is low efficiency and big burden for RAN4 and RAN5 to align how the requirements will be measured if RAN4 ignore the measurement when defining requirements and leave the ambiguity to RAN5.
Proposal 1:        Keep the current wording “Option 2: measured as sum of each antenna connector” and make it clear how the requirements will be measured.

2.2 Unwanted emissions for Transparent TxD
	Issue 3-3-2: Unwanted emissions for Transparent TxD: how to write emission requirements
· Motivation is to ensure correct requirement setting for unwanted emissions
· Option 1: Define “requirements apply to a sum of both connectors”. Issue 3-3-1 option 1
· Option 2: Define “measured as the sum of the emissions from all antenna connectors”. Same as issue 3-3-1 Option 2
· Option 3: Measured per antenna connector against a 3 dB tighter emissions requirement per connector (for two antenna connectors).


In our view, the key ponit of this discussion is to make sure UE meet the regulation requirements which is per UE based rather than per antenna. Considering the differences of RFFE ILs and PA output power between two branches, Option 2 is more close to the reality only if the regulations are met.
Observation 3:   Regulation emission requirements are per UE based rather than per antenna.

Observation 4:   “Measured as the sum of the emissions from all antenna connectors” is more close to the reality considering the difference in RFFE ILs and PA output power between two branches.
Proposal 2:        Unwanted emissions for Transparent TxD are defined as “measured as the sum of the emissions from all antenna connectors”.

2.3 EVM for Transparent TxD
	Issue 3-3-4: EVM for Transparent TxD

· Agree EVM defined as 

· [image: image2.png]EvM = [(p, - EVME + P~ EVMI)/(PL + P2)




· Needed changes into the TS are TBD

· Annex F

· 6.4D


Section 6.4D is preferred since it is more straightforward and clear how the requirements are defined.
Proposal 3:        EVM changes for Transparent TxD is defined in section 6.4D.

2.4 Default Tx connector and UE behavior under conformance testing
	Issue 3-3-5: Declaration for default TX connector

· Motivation is to clarify what is UE behavior and TE assumptions in RX and BB tests

· Narrow down to one of the following in next meeting

· 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

· And send LS to RAN5 about RAN4 conclusion
Issue 3-3-6: UE behavior under conformance testing

· Motivation is to guide how to test requirements that require power changes such as relative power control 
· 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 (according to the issue 3-3-5 outcome) 


This question is coming from RAN5, and is conformance testing procedure specific issue. In our view, in conduct tests the transmit antenna connector is determined, no changing is expected since the antenna switching mostly is to solve the hand blocking or solving SAR issues. These factors are not exist in conduct tests. Therefore, UE declaration based Tx detection is possible and in case UE use multiple Tx during tests, the Option 1B is more practical.
Observation 5:   UE is not expected to change transmit antennas during conduct tests, and declaration based antenna selection method is possible.
Proposal 4:        For default Tx connector, it is proposed to choose “Option 1b: TE needs to detect all declared TX antenna connectors for ACK and NACK and any other expected response from UE”.

Proposal 5:        For conformance testing, it is proposed to choose “Option 1a: UE will keep the tx diversity status unchanged in conformance testing”.

2.5 Power splitting
	Issue 3-3-7: Power splitting behaviour

· Motivation is to discuss and agree what implementations are excuded 

· Option 1: Only allow equal power split between connectors

· Excludes 17+17+20 dBm implementations

· Excludes power control optimizations

· Option 2: Allow any power split between connectors

· Note for discussion

· RAN1 language mandates UE to split power equally between logical antenna ports. This allows 17+17 dBm = port 1 and 20 dBm = port 2 case

· What is the motivation for RAN4 to disallow this? Or power optimization for example for 24 dBm output power realization 23 + 17 dBm for maximized efficiency?


The two transmit powers in connectors shall be allowed to be un-equal, reason is that even two PAs are same, the ILs for the two Tx chain is different especially considering the different antenna locations, which leads to the output power will be different. 
When defining requirements, it is not quite clear which requirements are impacted by power splitting assumptions and how the requirements will be impacted by power splitting. Therefore, this should be clarified and in principle UE shall be allowed to have different Tx power in antenna connectors. 
Observation 6:   Even power is equally split between logical antenna ports, the ILs are most likely different considering the different antenna locations which leads to the conduct power different.
Observation 7:   It is not clear which requirements are impacted by power splitting assumptions and how the requirements will be impacted.
Proposal 6:        For power splitting, it is proposed to clarify which requirements are impacted by power splitting assumptions and how the requirements will be impacted.

Proposal 7:        For power splitting, before impacted requirements are clarified, it is proposed to keep full flexibility for UE to implement, i.e. “Option 2: Allow any power split between connectors”. 

2.6 MPR/AMPR for TxD
As discussed in above sections, the max power and also the emissions are summed from each antenna connector. To keep consistent, the MPR/AMPR should also be applied in total power rather than from each antenna connector. Below is an example:
In [2], the MPR for PC2 UL MIMO was proposed, even it is not specifically for TxD but similar approach is assumed considering both are two Tx. The value for QPSK proposed is 4dB@Edge RB, but applied to each antenna connector, i.e. each branch Tx power is (power class – 4dB).
Table 4 Maximum power reduction (MPR) for power class 2 UL MIMO

	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
	≤ 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

	NOTE 1:
The requirement shall be applied at each antenna connector.
NOTE 2:
For spectrum emission mask measurement, Resolution BW is 10% of the measurement BW and the result should be integrated to achieve the measurement bandwidth.

NOTE 3:
For spurious emission measurement, the sweep time shall be set at least as (sweep points)*(symbol length) to improve the measurement accuracy.


Observation 8:   The previously proposed definition of MPR for 2Tx (TxD/UL MIMO) is trying to apply the MPR to each antenna connector, and each branch Tx power is (power class – MPR)
In 38.101-1, table 6.2.2-2 is for single antenna port PC2, then the power is (power class – 3.5dB).
Table 6.2.2-2 Maximum power reduction (MPR) for power class 2

	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM 


	Pi/2 BPSK
	≤ 3.5
	≤ 0.5
	0

	
	QPSK
	≤ 3.5
	≤ 1
	0

	
	16 QAM
	≤ 3.5
	≤ 2
	≤ 1

	
	64 QAM
	≤ 3.5
	≤ 2.5

	
	256 QAM
	≤ 4.5

	CP-OFDM 

	QPSK
	≤ 3.5
	≤ 3
	≤ 1.5

	
	16 QAM
	≤ 3.5
	≤ 3
	≤ 2

	
	64 QAM
	≤ 3.5

	
	256 QAM
	≤ 6.5


Below is the comparison of the power and emissions of these two MPR definitions (assume MPR is 4dB). 
	
	Max power 

(total)
	Max power

 (each branch)
	Tx power after MPR apply at each connector
 (each branch)
	Tx power after MPR apply at each connector
 (total)
	Emissions

(each branch)
	Emissions 

(total)

	TxD
	26
	Tx1: 23
Tx2: 23
	Tx1: 26 – 4 = 22

Tx2: 26 – 4 = 22
	25
	Tx1: E

Tx2: E
	E + 3dB

	1 Tx
	26
	26
	26 – 4 = 22
	22
	E
	E


From above table it can be seen that if TxD MPR is applied to each antenna connector the total Tx power after MPR is almost 3dB higher than 1Tx UE, and further leads to the emissions 3dB higher than the 1Tx UE. To meet same regulation requirements, this means UE MPR of TxD is tightened 3dB than the 1Tx UE which is unfair for TxD UE.

Observation 9:   If MPR is applied to each branch then UE Tx power and emissions for TxD UE is 3dB higher than 1Tx UE.
Observation 10:   To meet same regulation requirements, if MPR is applied to each branch then TxD UE is tightened by 3dB comparing to 1Tx UE which is unfair for TxD UE.
Therefore, in our view, the correct usage of MPR shall be applied to UE level (total power) rather than applied to each antenna connector, as MOP and Emission requirements do. Example is below.
	
	Max power 

(total)
	Max power

 (each branch)
	Tx power after MPR apply at total power
 (each branch)
	Tx power after MPR apply at total power
 (total)
	Emissions

(each branch)
	Emissions 

(total)

	TxD
	26
	Tx1: 23
Tx2: 23
	Tx1: 19

Tx2: 19
	22
	Tx1: E - 3

Tx2: E - 3
	E

	1 Tx
	26
	26
	26 – 4 = 22
	22
	E
	E


Observation 11:   If MPR is applied to total power then TxD UE has same Tx power and emissions as 1Tx UE.
Proposal 8:        MPR defined for TxD is applied to the total output power rather than at each antenna connector.

3 Conclusion

2.1 Summing the power and emissions

Observation 1:   Way of measuring requirement in RAN4 shall be crystal clear, since the requirement definition and final verdict are tightly connected to measurement.

Observation 2:   It is low efficiency and big burden for RAN4 and RAN5 to align how the requirements will be measured if RAN4 ignore the measurement when defining requirements and leave the ambiguity to RAN5.
Proposal 1:        Keep the current wording “Option 2: measured as sum of each antenna connector” and make it clear how the requirements will be measured.

2.2 Unwanted emissions for Transparent TxD
Observation 3:   Regulation emission requirements are per UE based rather than per antenna.
Observation 4:   “Measured as the sum of the emissions from all antenna connectors” is more close to the reality considering the difference in RFFE ILs and PA output power between two branches.

Proposal 2:        Unwanted emissions for Transparent TxD are defined as “measured as the sum of the emissions from all antenna connectors”.

2.3 EVM for Transparent TxD
Proposal 3:        EVM changes for Transparent TxD is defined in section 6.4D.

2.4 Default Tx connector and UE behavior under conformance testing
Observation 5:   UE is not expected to change transmit antennas during conduct tests, and declaration based antenna selection method is possible.

Proposal 4:        For default Tx connector, it is proposed to choose “Option 1b: TE needs to detect all declared TX antenna connectors for ACK and NACK and any other expected response from UE”.

Proposal 5:        For conformance testing, it is proposed to choose “Option 1a: UE will keep the tx diversity status unchanged in conformance testing”.

2.5 Power splitting
Observation 6:   Even power is equally split between logical antenna ports, the ILs are most likely different considering the different antenna locations which leads to the conduct power different.

Observation 7:   It is not clear which requirements are impacted by power splitting assumptions and how the requirements will be impacted.

Proposal 6:        For power splitting, it is proposed to clarify which requirements are impacted by power splitting assumptions and how the requirements will be impacted.

Proposal 7:        For power splitting, before impacted requirements are clarified, it is proposed to keep full flexibility for UE to implement, i.e. “Option 2: Allow any power split between connectors”. 

2.6 MPR/AMPR for TxD
Observation 8:   The previously proposed definition of MPR for 2Tx (TxD/UL MIMO) is trying to apply the MPR to each antenna connector, and each branch Tx power is (power class – MPR)
Observation 9:   If MPR is applied to each branch then UE Tx power and emissions for TxD UE is 3dB higher than 1Tx UE.
Observation 10:   To meet same regulation requirements, if MPR is applied to each branch then TxD UE is tightened by 3dB comparing to 1Tx UE which is unfair for TxD UE.
Observation 11:   If MPR is applied to total power then TxD UE has same Tx power and emissions as 1Tx UE.
Proposal 8:        MPR defined for TxD is applied to the total output power rather than at each antenna connector.
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