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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  
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. Needless to say, the work is big and since proponents of TxD MPR change have not provided any information how they came up with the values, it will likely take more than one meeting to agree the simulation assumptions. It should also be noted that this would mean Rel-16 change. It is somewhat 
It is somewhat peculiar that this has not been brough up by the Tx diversity MPR proponents since it is an obvious impact of defining dedicated MPR’s for UL MIMO. It should be noted also that RAN4 has agreed a new objective for CA + UL MIMO. If UL MIMO will have dedicated MPR and CA has dedicated MPR, Ran4 needs to define new CA+UL MIMO dedicated MPR. 
 Table 1. A Table 6.2.3.1-1 with highlights where UL MIMO AMPR needs 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 MHNOTE 5:	Applicable when the NR carrier is within 2545 – 2575 MHz


 
Observation 3: Keeping the agreement of applying same MPR for UL MIMO and Tx Diversity and approving proposed [2] MPR’s would mean changed to the UL MIMO AMPR too.
Proposal 1: Keep UL MIMO MPR unchanged regardless of what is agreed to TX diversity MPR.
Further, since the origin or more relaxed MPR is not clear and does not seem to be aligned with all the emission “tightening”, it would be beneficial to not define TX diversity dedicated MPRs. It is understandable that MPR’s may need to be revisited since emissions were tightened. 
Proposal 2: Conclude tx diversity work with a table dedicated for tx diversity PC2 MPR with numbers as TBD and agree simulation assumptions and come back with evaluation results in next meeting.
2.2	SRS Antenna switching power with TxD
The TX diversity relies on combining power from two transmitters driving two antenna connectors. There is no such concept for RX. For example, if we look in to an implementation of a UE that supports 2-layer MIMO on UL and DL, this UE would have two TX and two RX connectors. It would also have two PA’s and power class for Tx diversity implementation would be based on combined power from two PA’s. SRS for antenna switching is meant for DL channel estimates and SRS for this purpose needs to be sent to the RX port of the UE. UE is free to virtualize the RX ports i.e. use two connectors to receive 1-layer but it is more likely that UE uses each antenna connector as a logical port. 
Proposal 3: UE is not assumed to virtualize RX ports for the purpose of SRS antenna switching  
This brings the problem that SRS power is referred to UE power class and for any RX port, UE power is 3 dB lower than the power class. This is depicted in Figure 1. 
The SRS power sent for the other than first SRS port is defined in specification as follows:
“The value of ∆TRxSRS is 4.5dB for n79 and 3 dB for bands whose FUL_high is lower than the FUL_low of n79 when the device is capable of power class 3 in the band.  The value of ∆TRxSRS is 7.5dB for n79 and 6 dB for bands whose FUL_high is lower than the FUL_low of n79 when the device is capable of power class 2 in the band.” 
The PC2 additional relaxation comes from implementing 26 and 23 dBm PA’s without Tx diversity and the 23 dBm PA would be for UL MIMO so called 2nd branch or 2nd layer transmissions that can be used in some cases for SRS antenna switching thus the 3 dB extra relaxation. If we consider the reference architecture where the spec came from, the PC2 relaxations include the aspect of the other PA being lower power and the 3 dB and 4.5 dB values are the relaxations needed for routing losses and other losses associated with transmitting to non-TX optimised antenna connector. 

Figure 1. Reference architecture for TxD
For TX diversity, the value of ∆TRxSRS needs to be increased by 3 dB overall except for the PC2 case which accommodates the use of PA with 3 dB lower power for SRS antenna switching. 
It should be also noted that the UE needs 3 dB relaxation already to the first port. The specification  allows  ∆TRxSRS only for second port onwards but how to avoid overlap with the existing PC2 sentence needs some thought. The proposed changes are as follows:
Proposal 4: Specification changes to accommodate Tx Diversity are proposed as follows
	∆TRxSRS is applied when 
a)	UE transmits SRS to other than first SRS port when the SRS-TxSwitch capability is indicated as  '1T2R', '1T4R' or, '1T4R/2T4R'
b)	UE transmits SRS to other than first or second SRS port when the SRS-TxSwitch capability is indicated as  '2T4R' or '1T4R/2T4R', or
c)	UE transmits SRS to a DL-only carrier
d)	UE supports TxD (IE …) 
	The value of ∆TRxSRS is 4.5dB for n79 and 3 dB for bands whose FUL_high is lower than the FUL_low of n79 when the device is capable of power class 3 in the band or UE supports Tx Diversity (IE …) in the band.  The value of ∆TRxSRS is 7.5dB for n79 and 6 dB for bands whose FUL_high is lower than the FUL_low of n79 when the device is capable of power class 2 in the band or UE supports TX diversity (IE …) in the band and conditions in case a) and b) are met..
For other SRS transmissions ∆TRxSRS is zero;
 
Conclusion
We discussed MPRs for Tx diversity and made proposals
Observation 3: Keeping the agreement of applying same MPR for UL MIMO and Tx Diversity and approving proposed [2] MPR’s would mean changed to the UL MIMO AMPR too.
Proposal 1: Keep UL MIMO MPR unchanged regardless of what is agreed to TX diversity MPR.
Further, since the origin or more relaxed MPR is not clear and does not seem to be aligned with all the emission “tightening”, it would be beneficial to not define TX diversity dedicated MPRs. It is understandable that MPR’s may need to be revisited since emissions were tightened. 
Proposal 2: Conclude tx diversity work with an table dedicated for tx diversity PC2 MPR with numbers as TBD and agree simulation assumptions and come back with evaluation results in next meeting.
We discussed SRS antenna switching power for Tx diversity and made proposals
Proposal 3: UE is not assumed to virtualize RX ports for the purpose of SRS antenna switching  
Proposal 4: Specification changes to accommodate Tx Diversity are proposed as follows
	∆TRxSRS is applied when 
a)	UE transmits SRS to other than first SRS port when the SRS-TxSwitch capability is indicated as  '1T2R', '1T4R' or, '1T4R/2T4R'
b)	UE transmits SRS to other than first or second SRS port when the SRS-TxSwitch capability is indicated as  '2T4R' or '1T4R/2T4R', or
c)	UE transmits SRS to a DL-only carrier
d)	UE supports TxD (IE …) 
	The value of ∆TRxSRS is 4.5dB for n79 and 3 dB for bands whose FUL_high is lower than the FUL_low of n79 when the device is capable of power class 3 in the band or UE supports Tx Diversity (IE …) in the band.  The value of ∆TRxSRS is 7.5dB for n79 and 6 dB for bands whose FUL_high is lower than the FUL_low of n79 when the device is capable of power class 2 in the band or UE supports TX diversity (IE …) in the band and conditions in case a) and b) are met..
For other SRS transmissions ∆TRxSRS is zero;
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