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1	Introduction
The MPR for PC1.5 dual-Tx has been revisited in Rel-17 and some consensuses have been reached in WF [1] and [2]. Following those agreements, analysis on the previous measurement data is performed in this paper. Different from the approach in [3], we do not check how much margin is left for certain PA implementations against the existing PC1.5 MPR requirements. Since PC1.5 dual-Tx operation is implemented by using two PC2 PAs, we believe it’s reasonable to assume that a PA optimised for the PC2 MPR spec should be automatically qualified for PC1.5 dual-Tx operations. Therefore we start from the PC2 MPR requirements and then decide how much additional relaxation is needed in order to accommodate the impact of higher Tx power and RIMD.
2	Discussions
It’s well known that the MPR for different partitions are gated by different factors. For example, as stated in [4] the gating factors are listed in Table 1.
[bookmark: _Ref78143508]Table 1: Gating factors for MPR partitions
	Partition
	Gating Factor

	MPR
	Inner
	EVM and IBE

	
	Outer
	ACLR and SEM

	
	Edge
	SEM in the 1st 1MHz



In the following, the impact of RIMD on different gating factors are analysed based on the data provided in the past contributions. Consequently the MPR for PC1.5 dual-Tx may be derived assuming that a PC2 PA optimised for the PC2 MPR spec should be automatically qualified for PC1.5 dual-Tx operation. In other words, extra MPR should be added on top of the PC2 MPR in order to absorb the effect of RIMD.
· Edge MPR
The edge MPR is gated by the SEM in the 1st 1MHz. For PC1.5 dual-Tx, the OOBE should be summed from both antenna connectors. Therefore 3 dB relaxation on top of PC2 edge MPR should be allowed.

Proposal 1: For PC1.5 edge MPR, 3 dB relaxation on top of PC2 edge MPR should be allowed.

· Outer MPR
The impact of RIMD on ACLR has been studied in [5]. The ACLR as a function of Tx power is duplicated below in Figure 1.
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[bookmark: _Ref78147104]Figure 1: ACLR as a function of Tx Power from [5]
It can be seen that RIMD causes a significant increase in ACLR in the 2Tx case. Furthermore, the ACLR decreases with the reduction of Tx power and the ratio is roughly 1:1.
On the other hand, the power of RIMD3 w.r.t. the signal power can be estimated as follows based on the measurement data in [6].
[bookmark: _Ref78148285]Table 2: RIMD3 versus MPR [6]
	MPR (dB)
	RIMD3 (dB) of DFT-s-OFDM
	RIMD3 (dB) of CP-OFDM

	0
	29.8
	28.9

	1
	31.3
	30.4

	2
	32.8
	31.9

	3
	34.3
	33.4



Considering ACLR as the gating factor for the outer MPR, a PC2 PA may marginally meet the 31 dB ACLR requirement at the max allowed MPR. When in dual-Tx operations, the ACLR would be reduced owing to RIMD. The amount of reduction can be estimated as follows based on the measurement data in Table 2. As a result, additional back-off is required in order to counter the RIMD and meet the 31 dB ACLR requirement again. According to the 1:1 ratio of ACLR versus Tx power as seen in [5], extra relaxation to the PC2 MPR is estimated and listed in the last column of Table 3.
[bookmark: _Ref78186160]Table 3: ACLR versus MPR
	
	Modulation
	MPR (dB)
	ACLR (dB) for 1 TX
	RIMD (dB) for 2 TX
	ACLR (dB) for 2 TX
	Extra Relaxation (dB)

	DFT-s-OFDM
	QPSK
	1
	31
	31.3
	28.1
	3

	
	16QAM
	2
	31
	32.8
	28.8
	2.5

	
	64QAM
	2.5
	31
	33.6
	29.1
	2

	CP-OFDM
	QPSK
	3
	31
	33.4
	29.0
	2

	
	16QAM
	3
	31
	33.4
	29.0
	2

	
	64QAM
	3.5
	31
	34.2
	29.3
	2



Proposal 2: For PC1.5 outer MPR, 2~3 dB relaxation on top of PC2 outer MPR is needed.
· Inner MPR
The impact of RIMD on EVM has been extensively studied in [4]-[9]. Particularly, systematic measurements using a 2-tone like method were reported in [6][7]. For example, the RIMD3 versus output power and antenna isolation in [7] are duplicated in Figure 2.
[image: ]
[bookmark: _Ref78190028]Figure 2: RIMD3 vs output power and antenna isolation from [7]

Based on the data in [6][7], the following observations are obtained.
Observation 1: The effect of RIMD depends on the waveform format. For the same PA output power (wanted signal), the average power of RIMD is approximately 1 dB higher for CP-OFDM waveforms than for DFT-s-OFDM waveforms.
Observation 2: The effect of RIMD reduces when the antenna isolation is increased. The ratio of the change in RIMD power and antenna isolation is approximately 1:1.
Observation 3: Power back-off is effective in reducing RIMD. A 1 dB reduction in Tx power (from both PAs) results in approximately 2.5 dB decrease of RIMD. Consequently the EVM caused by RIMD is improved by 1~1.5 dB.
The NR EVM budget for PA commonly used in 3GPP is shown in Table 4.
[bookmark: _Ref77864930]Table 4: EVM budget for PA
	Modulation
	EVM budget

	QPSK
	10%

	16QAM
	8%

	64QAM
	4%

	256QAM
	1.8%



The overall EVM budget typically considers the effects of: transceiver noise, phase noise, IQ imbalance and PA nonlinearity. Among them, only the EVM caused by PA nonlinearity can be reduced by power back-off. Hence, different from the approach in [7], we have the following proposal:
Proposal 3: The additional EVM caused by RIMD should be absorbed into the EVM budget for PA.
In general, the inner MPR for 64QAM/256QAM is gated by EVM. Assume that a PC2 PA is designed to marginally meet the EVM budget (as listed in Table 4) when using the max allowed MPR for PC2. For such a PA, additional MPR for PC1.5 is needed to counter the effect of RIMD so that the total EVM is within the EVM budget for PA. Based on the RIMD measurement data in [7], the inner MPR for 64QAM and 256QAM are derived in Table 5 and Table 6, respectively. More explicitly, the RIMD EVM is the average of the measurement data for both Waveform1 and Waveform2. The ratio of the change in 1Tx PA EVM (i.e. w/o RIMD effect) and power back-off is assumed to be 1.5dB:1dB.
[bookmark: _Ref77780127]Table 5: Inner MPR for 64QAM assuming 10 dB antenna isolation
	
	MPR (dB)
	1Tx PA EVM
	RIMD EVM[7]
	Total EVM

	DFT-s-OFDM
	2.5
	4%
	2.1%
	4.52%

	
	3
	3.67%
	1.57%
	3.99%

	CP-OFDM
	3.5
	4%
	2.0%
	4.47%

	
	4
	3.67%
	1.69%
	4.04%

	
	4.5
	3.37%
	1.55%
	3.71%



[bookmark: _Ref77864838][bookmark: _Ref78022451]Table 6: Inner MPR for 256QAM assuming 10 dB antenna isolation
	
	MPR (dB)
	1Tx PA EVM
	RIMD EVM
	Total EVM

	DFT-s-OFDM
	4.5
	1.8%
	0.8%
	1.97%

	
	5
	1.65%
	0.53%
	1.73%

	CP-OFDM
	6.5
	1.8%
	0.7%
	1.93%

	
	7
	1.65%
	0.57%
	1.75%



As seen from Table 5 and Table 6, additional relaxation of about 0.5~1 dB is needed. Moreover, as pointed out in [6], the measurements were based on PAs using fixed bias/supply voltage scheme. For PAs using ET or APT, extra margin is needed, for which we propose to add 1 dB. Both MPR proposals are presented in Table 7 as “Optimistic PC1.5 MPR” and “Optimistic PC1.5 MPR+1”, respectively.
[bookmark: _Ref78192725]Table 7: Inner MPR for PC1.5 assuming 10 dB antenna isolation
	
	Modulation
	Existing PC2 MPR (dB)
	Optimistic PC1.5 MPR (dB)
	Optimistic PC1.5 MPR + 1 (dB)
	Existing PC1.5 MPR (dB)

	DFT-s-OFDM
	64QAM
	2.5
	3
	4
	4

	
	256QAM
	4.5
	5
	6
	7.5

	CP-OFDM
	64QAM
	3.5
	4
	5
	5

	
	256QAM
	6.5
	7
	8
	9.5



· MPR Summary
To counter the effect of RIMD, different relaxations w.r.t. the PC2 MPR were proposed in the past, e .g. [4][8][9]. In the end a compromise was reached to agree the PC1.5 MPR in Rel-16. Table 8 shows two example proposals as well as the final agreement.



[bookmark: _Ref78209204]Table 8: PC1.5 MPR relaxation w.r.t. PC2 MPR from [4][8][10]
	Partition
	R4-2006795 [4]
	R4-2008240 [8]
	38.101-1 [10]

	MPR Relaxation
	Inner
	2 dB
	0 dB
	1.5 dB

	
	Outer
	3 dB
	1 dB
	3 dB

	
	Edge
	3 dB
	2 dB
	3 dB



As PC1.5 MPR is being revisited in Rel-17, some fine tuning on the needed relaxations may be found based on the analysis in the previous sections. Our new proposal on the needed relaxations are listed in Table 9, where the numbers in green indicate improvement over the existing PC1.5 MPR specifications.
[bookmark: _Ref78210122]Table 9: Proposed relaxations w.r.t. PC2 MPR for PC1.5
	
	Modulation
	Relaxation (dB) w.r.t. PC2

	
	
	Edge
	Outer
	Inner

	DFT-s-OFDM
	QPSK
	+3
	+3
	[+1]

	
	16QAM
	+3
	+2.5
	[+1]

	
	64QAM
	+3
	+2
	+1.5

	
	256QAM
	+2
	+1.5
	+1.5

	CP-OFDM
	QPSK
	+3
	+2
	[+1]

	
	16QAM
	+3
	+2
	[+1]

	
	64QAM
	+3
	+2
	+1.5

	
	256QAM
	+1.5
	+1.5
	+1.5



As a result, the improved MPR for PC1.5 dual-Tx may be defined as in Table 10. The potential improvements range from 0.5 dB to 1.5 dB for different modulations and RB allocations.
[bookmark: _Ref78212456]Table 10: Improved MPR for PC1.5 dual-Tx
	
	Modulation
	MPR (dB)

	
	
	Edge
	Outer
	Inner

	DFT-s-OFDM
	QPSK
	6.5
	4
	1

	
	16QAM
	6.5
	4.5
	2

	
	64QAM
	6.5
	4.5
	4

	
	256QAM
	6.5
	6
	6

	CP-OFDM
	QPSK
	6.5
	5
	2.5

	
	16QAM
	6.5
	5
	3

	
	64QAM
	6.5
	5.5
	5

	
	256QAM
	8
	8
	8



Proposal 4: Consider the improved MPR defined in Table 10 when deciding the new MPR requirements for PC1.5 dual-Tx for mobile UEs.
Additionally, as pointed out in [11], the dual-Tx measurements tend to be error-prone if the measurements are not properly setup and calibrated. If new data become available within the timeframe of this WI, more attention should be paid to them.
Proposal 5: Verify and update if necessary the PC1.5 dual-Tx MPR against new measurement data if they become available within the timeframe of this WI.
3	Conclusions
Based on the analysis of existing measurement data, the amount of additional relaxation w.r.t. the PC2 MPR is determined for PC1.5 dual-Tx operations. More explicitly, we have made the following proposals and observations:
Proposal 1: For PC1.5 edge MPR, 3 dB relaxation on top of PC2 edge MPR should be allowed.
Proposal 2: For PC1.5 outer MPR, 2~3 dB relaxation on top of PC2 outer MPR is needed.
Observation 1: The effect of RIMD depends on the waveform format. For the same PA output power (wanted signal), the average power of RIMD is approximately 1 dB higher for CP-OFDM waveforms than for DFT-s-OFDM waveforms.
Observation 2: The effect of RIMD reduces when the antenna isolation is increased. The ratio of the change in RIMD power and antenna isolation is approximately 1:1.
Observation 3: Power back-off is effective in reducing RIMD. A 1 dB reduction in Tx power (from both PAs) results in approximately 2.5 dB decrease of RIMD. Consequently the EVM caused by RIMD is improved by 1~1.5 dB.
Proposal 3: The additional EVM caused by RIMD should be absorbed into the EVM budget for PA.
Proposal 4: Consider the improved MPR defined in Table 10 when deciding the new MPR requirements for PC1.5 dual-Tx for mobile UEs.
Proposal 5: Verify and update if necessary the PC1.5 dual-Tx MPR against new measurement data if they become available within the timeframe of this WI.
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Figure 6~ ACLR as a function of Power for 1Tx and 2Tx
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‘Table 1: Third order RIMD induced EVM contribution vs output power and Antenna isolation
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