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Introduction
A Rel-17 work item [1] was agreed to introduce PC2 for FDD bands n1 and n3.  This contribution considers the Tx requirements and assumptions for evaluation of A-MPR and MSD.
Discussion
Maximum output power
PC2 is generally specified with maximum output power of 26 dBm +2/-3 dB.  It is proposed that PC2 maximum output power for Bands n1 and n3 be specified with the same 26 dBm +2/-3 dB.
Proposal 1:  Maximum output power for Bands n1 and n3 are specified as 26 dBm +2/-3 dB.
Emission requirements
The general emission requirements such as ACLR, SEM, and spurious emissions have already been defined.  ACLR for PC2 has been specified to be 31 dB justified by coexistence studies.  It is proposed that the same 31 dB ACLR applies for PC2 in FDD bands as well.  General SEM and spurious emission requirements are unchanged for PC2 compared to PC3.  Emission requirements apply to the power sum of the antenna ports for a 2Tx architecture.
Proposal 2:  PC2 NR ACLR of 31 dB applies.  General emission requirements apply unchanged for PC2.  Emission requirements apply to the power sum of antenna ports for a 2Tx architecture.
UTRA ACLR also applies when NS_100 in Band n1 or Band n3, or NS_05U in Band n1 is signaled.  However, UTRA ACLR is only presently defined for power class 3 in 38.101-1.  Several options are available for consideration:  conduct a formal coexistence study to derive the necessary UTRA ACLR, increase the UTRA ACLR requirement by 1 dB for PC2 (analogous to the 1 dB increase for PC2 NR ACLR), or maintain the existing UTRA ACLR and apply it to both PC3 and PC2.  Given that UTRA deployments are declining as the technology is replaced by 4G and 5G systems, it is proposed that the UTRA ACLR requirement is unchanged for PC2.
Proposal 3:  Existing UTRA ACLR requirement applies for PC3 and PC2 when NS_100 or NS_xxU is signaled.
MPR
MPR has already been specified for PC2 for both 1Tx and 2Tx architectures.  While PC2 had only been previously defined for TDD bands, it is understood that the MPR specifications are generic and can therefore also apply to FDD bands.  The MPR for PC2 is copied below from 38.101-1 and [2] for 1Tx and 2Tx, respectively
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



Table 6.2G.2-1 Maximum power reduction (MPR) for power class 2 with dual Tx
	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM 
	Pi/2 BPSK
	[≤ 3.5]
	[≤ 1]
	[0]

	
	QPSK
	[≤ 3.5]
	[≤ 2]
	[0.5]

	
	16 QAM
	[≤ 3.5]
	[≤ 2.5]
	[≤ 1.5]

	
	64 QAM
	[≤ 3.5]
	[≤ 3]

	
	256 QAM
	[≤ 5.5]

	CP-OFDM 
	QPSK
	[≤ 3.5]
	[≤ 3.5]
	[≤ 2]

	
	16 QAM
	[≤ 3.5]
	[≤ 3.5]
	[≤ 2.5]

	
	64 QAM
	[≤ 4.5]

	
	256 QAM
	[≤ 8.5]



Proposal 4:  MPR for PC2 single Tx and dual Tx apply to FDD bands also.
A-MPR assumptions
The following NS values are applicable for Bands n1 and n3.
Table 6.2.3.1-1A: Mapping of network signalling label
	NR band
	Value of additionalSpectrumEmission

	
	0
	1
	2
	3
	4
	5
	6
	7

	n1
	NS_01
	NS_100
	NS_05
	NS_05U
	NS_48
	NS_49
	
	

	n3
	NS_01
	NS_100
	
	
	
	
	
	



The emission requirements associated with these NS labels apply irrespective of the UE power class, so they apply to PC2.  The A-MPR allowed with these NS labels must be re-evaluated for the new power class.
Before A-MPR can be studied, however, it would be beneficial to agree to basic assumptions on PA models and component performance.
Single Tx assumptions
For single Tx, it is assumed that the PA should be calibrated at 31 dB ACLR since this is the requirement for PC2.  As noted in the study item TR 38.861, RF components such as the PA and duplexer are not available to support PC2 power levels in Bands n1 and n3.  Therefore, alternative approaches are required to estimate the performance of an FDD PC2 PA by either using a TDD PC2 PA or by using an FDD PA but increasing its bias.  For the duplexer (or quadplexer) it is also expected that new designs will be necessary to manage the higher power as well as potential improvements to isolation and attenuation to mitigate the additional noise from 3 dB more powerful transmission.  To enable this work, it is proposed that duplexer/quadplexer isolation and attenuation assumptions for the purpose of deriving A-MPR are first presented.  As described below when MSD is discussed, it is proposed that improved component performance is assumed when deriving PC2 requirements with 1Tx.
Based on filter simulations of a Band n1+n3 quadplexer, the following worst case performance is expected
Table 1.  Performance of PC2 n1+n3 quadplexer compared to PC3
	Isolation
	PC2 Min Isolation (dB)
	PC3 Min Isolation
	IL impact

	1Tx-1Rx@1Tx
	57
	52
	0.1 (1Rx)

	1Tx-3Rx@1Tx
	57
	55
	0.3 (3Rx)

	3Tx-1Rx@3Tx
	57
	55
	0.1 (1Rx)

	3Tx-3Rx@3Tx
	57
	55
	0.3 (3Rx)

	1Tx-1Rx@1Rx
	60
	55
	0.1 (1Tx)

	1Tx-3Rx@3Rx
	60
	55
	0.3 (1Tx)

	3Tx-1Rx@1Rx
	60
	55
	0.3 (3Tx)

	3Tx-3Rx@3Rx
	60
	55
	0.3 (3Tx)



It can be seen that the self-band Tx isolations can be improved by 2 dB for Band n3 and 5 dB for Band n1, while the self-band Rx isolations can be improved by 5 dB.  At the same time, the insertion loss is slightly increased by 0.1 to 0.3 dB.
Proposal 5:  It is proposed that Tx and Rx isolations shown in Table 1 along with the insertion loss impact be considered for PC2 FDD in Bands n1 and n3 when deriving MSD.
Dual Tx assumptions
In evaluating A-MPR for 2Tx architectures, it is necessary to simulate or measure the impact of RIMD and PA linearity.  Following the approach used for TDD TxD MPR evaluation [3], two PC3 PA’s are used where each PC3 PA is individually calibrated to 30 dB ACLR at 1 dB MPR with a fully allocated QPSK DFT-s-OFDM waveform.  Thus, the PC3 PA’s are less linear than a single PC2 PA and also suffer from RIMD through an assumed 10 dB isolation path between antennas and 4 dB post PA loss for each Tx path.  Since the intention is power combining to achieve PC2 power level, UL MIMO is not specifically evaluated.  Nonetheless, the relationship between MPR and A-MPR for TxD and UL MIMO (for example, it may be agreed that the same MPR and A-MPR is used for both TxD and UL MIMO) is expected to be addressed more generally as suggested in [3].
The impact of relative delay between the 2 Tx paths for CDD is also discussed in [4] where it is proposed to introduce a delay of 600ns for 15 kHz SCS.  This exact delay value may be subject to the particular test configuration and other inherent delays so it is suggested that the appropriate delay is studied by companies presenting data.  The intention of the delay is to remove the aspect of constructive or destructive signal combining which may obscure the measurement result.
For the duplexer, it is assumed that existing PC3 Band n1 and n3 duplexers can be used.  Typically, these two bands are quadplexed together for carrier aggregation, so it is also appropriate to evaluate the performance with the quadplexer.  
MSD
Single Tx
The maximum sensitivity degradation (MSD) for Bands n1 and n3 with single PC2 Tx were studied during the course of the study item and results captured in the TR 38.861.  For Band n1, the large duplex separation affords greater isolation and lower interference from uplink to downlink.  Band n3 is more challenging.  With its smaller duplex separation, not only is the wideband noise higher from the transmitter but also 5th order CIM products fall into the Rx band.  The studies included affects of higher Tx noise, spurious products, and the impact of duplexer isolation to compute reference sensitivity relative to the PC3 case used as the baseline.  The results are summarized in the TR and copied below.  Most of the results below were derived based on expected noise rise for PC2 and an assumption of 50 dB Rx isolation from the duplexer.
Table 6.1-1. Required sensitivity degradation levels in n1 NR Band for PC2 UE
	n1 band
	PC2 [5]
	PC2 [4]
	PC2 [6]

	Reference point 
	 
	 
	 

	10 MHz (-96.8dBm)
	0.8 dB
	-
	-



Table 6.1-2. Required sensitivity degradation levels in n3 NR Band for PC2 UE
	n3 band
	PC2 [5]
	PC2 [4]
	PC2 [6]

	Reference point
	 
	 0.0 dB
	 

	10 MHz (-93.8dBm)
	1.7 dB
	 0.0 dB
	 

	20 MHz (-90.8dBm)
	 
	 0.0 dB
	 

	30 MHz (-88.9dBm)
	 
	 0.0 dB
	 

	35 MHz (-86.2dBm)
	 
	0.2 dB
	0.9 dB

	40 MHz (-82.3dBm)
	2.1 dB
	0.6 dB
	1.4 dB

	45 MHz (-81.3dBm)
	 
	2.5 dB
	1.8 dB

	50 MHz (-79.7dBm)
	2.4 dB
	3.1 dB
	2.7 dB



It is suggested that these studies can be used as a starting point, but should be further studied based on PA and duplexer data for PC2.
Observation:  Further study on MSD is needed.
Dual Tx
While single Tx reference sensitivity was studied in the study item, there are no reported results for 2Tx.  For 2Tx, the reference sensitivity will be impacted because there is Tx noise present not only on the primary Rx path, but also on the diversity path.  Therefore, the receiver’s MRC gain will not be as large as 1Tx depending on whether the noise is modeled as correlated or uncorrelated between the primary and diversity Rx paths.  There is also the potential impact of cross coupled noise; that is, Tx noise from the primary Tx leaking into the diversity Rx.  However, it is expected that this noise contribution can be neglected since the cross coupled noise is subject to PCB isolation from the output of the PA or subject to both duplexer isolation and antenna isolation at the antenna output.
It is expected that the reference sensitivity degradations described above for 2Tx architectures will be lower than those for the single Tx architecture.  Therefore, instead of complicating the specification with two sets of requirements on reference sensitivity – one for 1Tx and a different one for 2Tx – it is suggested that the possibility of specifying only a single set of requirements applicable to both 1Tx and 2Tx is explored.  In order for a single set of requirements to be feasible, it should be derived from 1Tx architectures, but improved component performance should be assumed.  It would not be desireable to have a large mismatch in MSD performance between 1Tx and 2Tx, yet define a single requirement.
Proposal 6:  A single MSD requirement is specified that applies to both 1Tx and 2Tx architectures.  The requirement should be derived from 1Tx architecture with improved component performance assumed.
Conclusion
This contribution has provided an overview of UE RF requirements for FDD PC2 in Bands n1 and n3.  The following proposals have been presented for consideration.
Proposal 1:  Maximum output power for Bands n1 and n3 are specified as 26 dBm +2/-3 dB.
Proposal 2:  PC2 ACLR of 31 dB applies.  General emission requirements apply unchanged for PC2.  Emission requirements apply to the power sum of antenna ports for a 2Tx architecture.
Proposal 3:  Existing UTRA ACLR requirement applies for PC3 and PC2 when NS_100 or NS_xxU is signaled.
Proposal 4:  MPR for PC2 single Tx and dual Tx apply to FDD bands also.
Proposal 5:  It is proposed that Tx and Rx isolations shown in Table 1 along with the insertion loss impact be considered for PC2 FDD in Bands n1 and n3 when deriving MSD.
Proposal 6:  A single MSD requirement is specified that applies to both 1Tx and 2Tx architectures.  The requirement should be derived from 1Tx architecture with improved component performance assumed.
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