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1.	Introduction
TxD CR [2] was endorsed with few open items in the WF [1]. In this paper we discuss the MPR and newly found problem with SRS antenna switching power and solution for it. 
2. 	Discussion
2.1	MPR discussion
The MPR table in the CR [2] has been proposed by one proponent for some time but a proper analysis or simulation results have never been discussed nor the values have been agreed. The reverse IMD effect will likely degrade the performance when two PA’s are active at the same time and the effect is observed as IM3 performance degradation. The proposed MPR difference from PC2 is for the edge RB allocations. Edge RB allocation MPR is dominated by the BB filtering where close in SEM together with WOLA or frequency domain filter coefficients define the performance. RIMD effect impacts 3rd order linearity and there the outer allocations will produce higher emissions and usually ACLR is degraded because of that. It is also observed that RIMD originated emission increase is worse with higher signal BW. Emissions for inner allocations would be more dominated by RIMD5 effect. 
If design assumption is PC3 PA, all except possibly inner allocations should get more MPR. SEM per PA is 3 dB tighter than for PC3 single PA case.  For PC1.5, the WID itself stated that two 26 dBm PA’s are assumed and the MPR became generous because of that. Reference architecture for TXD has not been discussed.
If we take PC3 MPR as starting point and observe the proposed MPR relaxation in [2], we notice that the edge RB would be a full 3 dB more relaxed than what it is for PC3 UE. This means that the PC2 TxD UE can output 22 dBm of power at the edge allocation which is same amount of power as PC3 UE. 
Observation 1: The proposed MPR relaxations in [2] seem to enable use of PC3 PA’s for PC2 with TxD.     
For outer allocation where ACLR of 31 dB instead of 30 dB is applicable and RIMD3 effect would be present and possibly worsen the emissions, proposal is not to increase the MPR from PC3 or PC2. This is probably because ACLR for this implementation case has more margin due to EVM requirements which push the overall linearity envelope. 
It seems the MPR proposal is based on one implementation that is not designed for TxD PC2 operation. SEM tightening and the impact of the RIMD effect is something that is known and could be accommodate in the design phase. 
Observation 2: If reference design is targeted for PC2 from the beginning, same MPR could be met as what is specified for PC2 now in the spec  
2.2	MPR analysis
2.2.1	PA RIMD calibration
Ran4 agreed WF for simulation assumptions [5] in Ran4#98-Bis-e. Simulating 2Tx setup compared to 1Tx setup differs by introducing the coupling between the PA’s and in the WF a 10 dB coupling between antenna connectors has been agreed. The coupling then causes new IMD results due to RIMD of the PA. The simulation assumptions do not agree RIMD level of the PA and we used -41 dBc. 

Figure 1. PA RIMD calibration. The -41 dBc RIMD level yields MPR 1 dB for DFT-s waveform.  
In Figure, using -35 dBc RIMD level for the single PA fails the spec. The waveform is the waveform in the WF [5]. 
Observation 3: -41 dBc RIMD level for the PA is the correct value 
2.2.2	MPR for the edge
With the calibrated setup, we simulated the case for the edge MPR as proposed in [1] and observed the following results:

Figure 2. Edge MPR simulation results
The Tx diversity setup with RIMD -41 dBm performs the same as single PC2 PA and therefore does not need any more MPR compared to existing PC2 MPR to meet the close in SEM. 
Observation 4: Edge RBs do not need additional MPR compared to the PC2 MPRs not in specification
2.2.3	EVM limited MPR
Our view as in PC1.5 work, is that coupling between two PA’s causes EVM failure since the coupled other branch shows up as interference in the other branch. We performed some simulation for the EVM limited cases and observed the results shown in Figure 3 

Figure 3. 256 QAM simulation results. 
The EVM limit according to WF for 256 QAM was 1.8 % corresponding to -32 dBc. It can be observed that the Tx diversity implementation needs 1 dB more MPR for DFT-s and 2 dB more MPR for CP-OFDM than current specification is for PC2. 
Proposal: 256 QAM DFT-s waveforms need 1 dB more MPR and CP-OFDM 2 dB more MPR for Tx diversity UEs
For other cases, we did not observe more MPR needed compared to the allowed PC2 MPR in current specification for 16QAM or 64QAM modulations but this was as agreed in the WF due to lack of time only a check with corner cases. Proper simulation campaign could help to increase the quality.    
2.3	Introducing new MPR for UL-MIMO
In addition, Ran4 has agreed to apply same MPR for UL MIMO as for Tx diversity [4]. If the MPRs are changed for UL MIMO, then RAN4 needs to revisit also AMPR’s for UL MIMO. Below is AMPR table from TS 38.101-1 v16.7 with highlighted cases that need to be revisited if UL MIMO MPR is changed from what it is now. 
Observation 5: Keeping the agreement of applying same MPR for UL MIMO and Tx Diversity and approving proposed [2] MPR’s would mean UL MIMO AMPR need to be revisited too
The amount of work is big and it should also be noted that this would mean Rel-16 specification change. It should be clarified what is Rel-15 UE behavior that declares support for Txd and Rel-15, which MPRs will the UE conform? Current UEs that support UL MIMO conform to the MPRs for 1Tx according to the existing specification. Since the 2Tx MPR proposals are more relaxed than 1Tx MPR’s, the existing UE can pass the conformance specification but are allowed unnecessary large MPRs. 

 Table 1. Table 6.2.3.1-1 with highlights where UL MIMO AMPR needs potentially to be revisited
	Network signalling label
	Requirements (clause)
	NR Band
	Channel bandwidth (MHz)
	Resources blocks (NRB)
	A-MPR (dB)

	NS_01
	
	Table 5.2-1
	5, 10, 15, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100
	Table 5.3.2-1
	N/A

	NS_03
	6.5.2.3.3
	n2, n25, n66,
n70, n86
	
	
	Clause 6.2.3.7

	NS_03U
	6.5.2.3.3, 6.5.2.4.2
	n2, n25, n66, n86
	
	
	Clause 6.2.3.7

	NS_04
	6.5.2.3.2, 6.5.3.3.1
	n41
	10, 15, 20, 30, 40, 50, 60 80, 90, 100
	
	Clause 6.2.3.2

	NS_05
	6.5.3.3.4
	n1, n65, n84
	5, 10, 15, 20 (NOTE 2)
	
	Clause 6.2.3.4

	NS_05U
	6.5.3.3.4, 6.5.2.4.2
	n1, n65, n84
	5, 10, 15, 20
	
	Clause 6.2.3.4

	NS_06
	6.5.2.3.4
	n12
	5, 10, 15
	
	N/A

	
	
	n14
	5,10
	
	

	NS_10
	
	n20
	15, 20
	Table 6.2.3.3-1
	Table
6.2.3.3-1

	NS_12
	6.5.3.3.17
	n26
	
	
	

	NS_13
	6.5.3.3.18
	n26
	
	
	

	NS_14
	6.5.3.3.19
	n26
	
	
	

	NS_15
	6.5.3.3.20
	n26
	
	
	

	NS_17
	6.5.3.3.2
	n28, n83
	5,10
	Table 5.3.2-1
	N/A

	NS_18
	6.5.3.3.3
	n28, n83
	5
	
	Table 6.2.3.13-1, A1

	
	
	
	10, 15, 20
	
	Table 6.2.3.13-1, A2

	
	
	
	30
	
	Table 6.2.3.13-1, A3, A4, A5

	NS_21
	6.5.3.3.12
	n30
	5, 10
	
	Clause 6.2.3.14

	NS_24
	6.5.3.3.13
	n65 (NOTE 4)
	5, 10, 15, 20
	Table 6.2.3.15-1
	Clause 6.2.3.15

	NS_27
	6.5.2.3.8
6.5.3.3.14
	n48
	5, 10, 15, 20, 40
	Table 6.2.3.16-1
	Table 6.2.3.16-2

	NS_35
	6.5.2.3.1
	n71
	5, 10, 15, 20
	Table 5.3.2-1
	N/A

	NS_37
	6.5.3.3.6
	n74
(NOTE 3)
	10, 15
	Table 6.2.3.8-1
	Table
6.2.3.8-1

	NS_38
	6.5.3.3.7
	n74
	5, 10, 15, 20
	Table 6.2.3.9-1
	Table
6.2.3.9-1

	NS_39
	6.5.3.3.8
	n74
	10, 15, 20
	Table 6.2.3.10-1
	Table 6.2.3.10-1

	NS_40
	6.5.3.3.9
	n51
	5
	
	Table
6.2.3.5-1

	NS_41
	6.5.3.3.10
	n50
	5, 10, 15, 20, 30, 40, 50, 60
	
	Table 6.2.3.11-1

	NS_42
	6.5.3.3.11
	n50
	5, 10, 15, 20, 30, 40, 50, 60
	
	Table 6.2.3.12-1

	NS_43
	6.5.3.3.5
	n8, n81
	5, 10, 15
	
	Clause 6.2.3.6

	NS_43U
	6.5.3.3.5, 6.5.2.4.2
	n8, n81
	5, 10, 15
	
	Clause 6.2.3.6

	NS_44
	6.5.3.3.24
	n38
	25, 30, 40
	Table 6.2.3.20-1
	Table 6.2.3.20-1

	NS_45
	6.5.3.3.21
	n53
	5, 10
	
	Clause 6.2.3.25

	NS_46
	6.5.3.3.25
	n7
	25, 30, 40, 50
	Table 6.2.3.17-1
	Table 6.2.3.17-2

	NS_47
	6.5.3.3.15
	n41 (Note 5)
	30
	Table 6.2.3.18-1
	Table 6.2.3.18-2

	NS_48
	6.5.3.3.22
	n1
	25, 30, 40, 50
	Table 6.2.3.26-1
	Table 6.2.3.26-1

	NS_49
	6.5.3.3.23
	n1
	25, 30, 40, 50
	Table 6.2.3.27-1
	Table 6.2.3.27-1

	NS_50
	6.5.3.3.16
	n39
	25, 30, 40
	
	Clause 6.2.3.19

	NS_51
	6.5.3.3.22
	n65
	50
	Table 6.2.3.28-1
	Table 6.2.3.28-2

	NS_100
	6.5.2.4.2
	n1, n2, n3, n5, n8, n18, n25, n26, n65, n66, n80, n81, n84, n86, n89
(NOTE 1)
	
	
	Table
6.2.3.1-2

	NOTE 1:	This NS can be signalled for NR bands that have UTRA services deployed
NOTE 2:	No A-MPR is applied for 5 MHz BWChannel where the lower channel edge is ≥ 1930 MHz,10 MHz BWChannel where the lower channel edge is ≥ 1950 MHz and 15 MHz BWChannel where the lower channel edge is ≥ 1955 MHz.
NOTE 3:	Applicable when the NR carrier is within 1447.9 – 1462.9 MHz
NOTE 4:	Applicable when the upper edge of the channel bandwidth frequency is greater than 1980 MHz
NOTE 5:	Applicable when the NR carrier is within 2545 – 2575 MHz


 
It might make sense to open a basket work items for Tx diversity bands to facilitate the work needed for UL MIMO MPRs.
Conclusion
We discussed MPRs for Tx diversity and made following observations:
Observation 1: The proposed MPR relaxations in [2] seem to enable use of PC3 PA’s for PC2 with TxD.     
Observation 2: If reference design is targeted for PC2 from the beginning, same MPR could be met as what is specified for PC2 now in the spec  
Observation 3: -41 dBc RIMD level for the PA is the correct value 
Observation 4: Edge RBs do not need additional MPR compared to the PC2 MPRs not in specification
Observation 5: Keeping the agreement of applying same MPR for UL MIMO and Tx Diversity and approving proposed [2] MPR’s would mean UL MIMO AMPR need to be revisited too
And made the following proposal
Proposal: 256 QAM DFT-s waveforms need 1 dB more MPR and CP-OFDM 2 dB more MPR for Tx diversity UEs
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