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1. Introduction
In RAN #103 meeting, the Rel-19 RAN4 work item on UE RF enhancements for NR FR1/FR2 and EN-DC, Phase 4 has been approved in [1], which includes the objectives of MPR reduction for NR single carrier and NR intra-band UL CA:
Power boosting and/or MPR reduction

· Specify power domain enhancement, e.g., MPR reduction for NR single carrier and NR intra-band UL CA

· Study the scenarios, and if feasible, specify the power domain enhancement, e.g., MPR reduction, for PC2 and PC3 with applicable ACLR/SEM/spurious emission modification with BS indication for NR FR1 on a single UL carrier

· Include the following scenarios:

· when there is no adjacent in-band/out-of-band co-existence issue

· when a UE uses a narrower channel bandwidth within a wider BS bandwidth

· Include both (e)RedCap UE (only PC3) and non-RedCap UE
· Limited to QSPK and 16QAM

· Specify MPR applicability based on the UL CCs with activated cells for NR intra-band UL CA configuration

· Include both intra-band UL contiguous CA and intra-band non-contiguous UL CA for FR1

· Include intra-band UL contiguous CA and intra-band DL contiguous CA with single UL for FR2

· MPR requirement is not applicable until the SCell is activated

· Necessary signaling to support the above objectives
This contribution mainly discuss MPR reduction for NR single carrier and NR intra-band UL CA.
2.  Discussion
2.1  Power boosting and/or MPR reduction for NR single carrier
In the WID for single UL carrier, power boosting and/or MPR reduction focus on QSPK and 16QAM in FR1 for non-redcap UE (PC2 and PC3) and redcap UE (PC3), and research how to modify the requirements of ACLR/SEM/spurious emission based on below scenarios:

· when there is no adjacent in-band/out-of-band co-existence issue

· when a UE uses a narrower channel bandwidth within a wider BS bandwidth
Currently, redcap UE used the same MPR with non-redcap UE, and for non-redcap UE, PC2 shared the same MPR with PC3 in outer and inner RB allocations. Only the MPR in the edge RB allocations are different between PC2 UE and PC3 UE for QSPK and 16QAM due to PC2 UE has higher PSD but the SEM is same with PC3. MPR values are shown in Table 2.1-1 for PC2 and PC3:
Table 2.1-1 MPR values compared of PC2 and PC3

	PCs
	Modulation
	MPR (dB)

	
	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	PC2
	DFT-s-OFDM
	QPSK
	≤ 3.5
	≤ 1
	0

	
	
	16 QAM
	≤ 3.5
	≤ 2
	≤ 1

	
	CP-OFDM
	QPSK
	≤ 3.5
	≤ 3
	≤ 1.5

	
	
	16 QAM
	≤ 3.5
	≤ 3
	≤ 2

	PC3
	DFT-s-OFDM
	QPSK
	≤ 1
	0

	
	
	16 QAM
	≤ 2
	≤ 1

	
	CP-OFDM
	QPSK
	≤ 3
	≤ 1.5

	
	
	16 QAM
	≤ 3
	≤ 2


In the previous discussion for MPR, the limited factor for inner RB allocations is SEM or IBE. And the limited factor for outer RB allocations is SEM or ACLR. The MPR for the edge RB allocations is due to higher PSD with SEM limited factor. 

Therefore, RAN4 can research whether ACLR can be modified based on co-existence study, firstly. Secondly, RAN4 can research how to modify the requirements of SEM since the SEM was defined based on regional regulation, and further confirm whether it is helpful to reduce MPR through improving IQ image and carrier leakage by MPR simulation. RAN4 can also research whether can define a new inner RB allocations that is retracted from the legacy inner RB allocations to reduce MPR or get power boosting. Then, consider how to reduce the MPR for outer RB allocations.
Proposal 1: RAN4 can research whether ACLR can be modified based on co-existence study, firstly.
Proposal 2: RAN4 can research how to modify the requirements of SEM, since the SEM was defined based on regional regulation.

Proposal 3: RAN4 need further confirm whether it is helpful to reduce MPR through improving IQ image and carrier leakage by MPR simulation.
Proposal 4: For inner RB allocations, RAN4 can consider whether can define a new inner RB allocations that is retracted from the legacy inner RB allocations.
To evaluate how many MPR can be reduced or how many power can be boosted, RAN4 should first align the assumptions of PA model calibration to simulate the MPR.

Proposal 5: Using previous MPR simulation assumptions to evaluate the MPR reduction as the starting point:
· PA model calibration

· DFT-s-OFDM QPSK 20MHz

· 100RB0  

· 4dB post PA loss

· 1dB MP
· Carrier Leakage: 28dB
· IQ Image: 28dBc
· CIM3: 60dBc
· EVM: 17.5%
· For a PC3 PA the calibration point is 30dB ACLR and for a PC2 PA the calibration point is 31dB ACLR

2.2 MPR reduction for NR intra-band UL CA
2.2.1 Intra-band UL CA in FR1
In the WID, for FR1, RAN4 need specify MPR applicability based on the UL CCs with activated cells for NR intra-band UL CA configuration including both intra-band UL contiguous CA and intra-band non-contiguous UL CA. And MPR requirement is not applicable until the SCell is activated
In current Spec, the MPR for intra-band UL contiguous CA are specified for contiguous RB allocations and non-contiguous RB allocation, separately.

Case 1: For contiguous RB allocations, the MPR are specified as Table 2.2.1-1 for PC3, only PC3 is listed as an example.
Table 2.2.1-1: Contiguous RB allocation for Power Class 3

	Modulation
	MPR for bandwidth class B(dB)
	MPR for bandwidth class C(dB)

	
	inner
	outer
	inner
	outer

	DFT-s-OFDM
	Pi/2 BPSK
	1.0
	3.5
	2.5
	7

	
	QPSK
	1.0
	3.5
	2.5
	7

	
	16QAM
	1.5
	3.5
	2.5
	7

	
	64QAM
	3.0
	4.0
	5
	7

	
	256QAM
	5.5
	6.0
	7
	7.5

	CP-OFDM
	QPSK
	2.0
	4.0
	3.5
	8

	
	16QAM
	2.5
	4.0
	3.5
	8

	
	64QAM
	3.5
	4.0
	5
	8

	
	256QAM
	6.5
	6.5
	7
	8


And contiguous RB allocation for CA bandwidth class B and bandwidth class C is defined as if LCRB1 = 0 or LCRB2 = 0 or (LCRB1 ( 0 and LCRB2 (( 0 and RBStart1 + LCRB1 = NRB1 and RBStart2 = 0), where RBStart1, LCRB1, and NRB1 are for CC1, RBStart2, LCRB2, and NRB2 are for CC2, CC1 is the component carrier with lower frequency. That is, there is only one CC with activated cell when LCRB1 = 0 or LCRB2 = 0, but the UL CA with bandwidth class B and bandwidth class C should also follow the MPR for contiguous RB allocation. Therefore, RAN4 need research which MPR can be applied for UL CA with bandwidth class B and bandwidth class C when LCRB1 = 0 or LCRB2 = 0.
Case 2: For non-contiguous RB allocations, the MPR are specified as Table 2.2.1-2 for PC3:
Table 2.2.1-2: non-contiguous RB allocation for Power Class 3

	Modulation
	MPR for bandwidth class B(dB)
	MPR for bandwidth class C(dB)

	
	inner
	Outer11
	Outer22
	inner
	Outer11
	Outer22

	DFT-s-OFDM
	Pi/2 BPSK
	2
	5.5
	11.5
	2.5
	6
	13

	
	QPSK
	2
	5.5
	
	2.5
	6
	

	
	16QAM
	2.5
	5.5
	
	3
	6
	

	
	64QAM
	4.5
	6
	
	5
	6
	

	
	256QAM
	6
	6.5
	
	6.5
	6.5
	

	CP-OFDM
	QPSK
	2.5
	6.5
	12
	3.5
	7
	14

	
	16QAM
	3
	7
	
	3.5
	7
	

	
	64QAM
	5
	7
	
	5
	7
	

	
	256QAM
	7.5
	7.5
	
	7.5
	7.5
	

	NOTE 1: Outer 1 MPR for Pi/2 BPSK and QPSK is reduced by 2dB for aggregated allocation bandwidth > 10MHz 
NOTE 2: Outer 2 MPR is reduced by 4.5dB for aggregated allocation bandwidth > 10MHz


And non-contiguous RB allocation for CA bandwidth class B and bandwidth class C is defined as RBStart1 + LCRB1 < NRB1, or RBStart2 > 0, when both uplink CCs are activated and allocated with RB(s), where RBStart1, LCRB1, and NRB1 are for CC1, RBStart2, LCRB2, and NRB2 are for CC2, CC1 is the component carrier with lower frequency. Non-contiguous RB allocation requests both uplink CCs are activated, hence, no need to research how to apply the MPR for the case when only one CC with activated cell.
Proposal 6: For intra-band UL contiguous CA, RAN4 need research whether the MPR of single carrier for PC2 and PC3 can be applied to contiguous RB allocation for CA bandwidth class B and bandwidth class C when LCRB1 = 0 or LCRB2 = 0 (that is, only one CC with activated cell).

In current Spec, the MPR for intra-band UL non-contiguous CA are specified to meet -30dBm/MHz and -13dBm/MHz. And it has specified that the MPR of single carrier for PC2 and PC3 will apply to intra-band UL non-contiguous CA if LCRB1 = 0 or LCRB2 = 0 (that is, only one CC with activated cell).
Proposal 7: For intra-band UL non-contiguous CA, RAN4 don’t need to specify the MPR applicability for only one CC with active cell, since it has specified that the MPR of single carrier for PC2 and PC3 will apply to intra-band UL non-contiguous CA if LCRB1 = 0 or LCRB2 = 0 (that is, only one CC with activated cell) in current Spec.
2.2.2 Intra-band CA in FR2

In the WID, for FR2, RAN4 need specify MPR applicability based on the UL CCs with activated cells for NR intra-band UL CA configuration including both intra-band UL contiguous CA and intra-band DL contiguous CA with single UL. And MPR requirement is not applicable until the SCell is activated.

In current Spec, the MPR for intra-band UL contiguous CA with contiguous allocations is defined based on the cumulative aggregated channel bandwidth as shown in Table 2.2.2-1 for PC1, just taking PC1 as an example:

Table 2.2.2-1: MPR for intra-band UL contiguous CA with contiguous allocations for UE power class 1 in FR2-1

	Waveform Type
	Cumulative aggregated channel bandwidth

	
	< 400 MHz
	≥ 400 MHz and < 800 MHz
	≥ 800 MHz and ≤ 1400 MHz
	> 1400 MHz and ≤ 2400 MHz

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 5.51
	7.7
	8.2
	≤ 8.7

	
	QPSK
	≤ 6.51
	8.7
	9.7
	≤ 9.7

	
	16 QAM
	≤ 6.5
	8.7
	9.2
	≤ 9.7

	
	64 QAM
	≤ 9.0
	10.7
	11.2
	≤ 11.7

	
	256 QAM2
	≤ 12.5
	≤ 14.2
	≤ 14.7
	≤ 15.7

	CP-OFDM
	QPSK
	≤ 6.5
	8.7
	8.7
	≤ 9.7

	
	16 QAM
	≤ 6.5
	8.7
	8.7
	≤ 9.7

	
	64 QAM
	≤ 9.0
	10.7
	11.2
	≤ 11.7

	
	256 QAM2
	≤ 12.5
	≤ 14.2
	≤ 14.7
	≤ 15.7

	NOTE 1:
(Void)
NOTE 2: Refer to clause 6.1 for 256 QAM applicability.


And we can find the cumulative aggregated channel bandwidth is defined as the frequency band from the lowest edge of the lowest CC to the upper edge of the highest CC of all UL and DL configured CCs inside the bidirectional spectrum of the UE. That is the MPR for intra-band UL contiguous CA and intra-band DL contiguous CA with single UL are defined based on the aggregated channel bandwidth of intra-band DL CA. Therefore, RAN4 need research two issues for FR2: 

· Whether the MPR for intra-band UL contiguous CA can be defined based on the channel bandwidth class of intra-band UL contiguous CA.

· Whether the MPR of single carrier can be applied to contiguous RB allocation for intra-band UL contiguous CA when only one CC with activated cell or single UL with intra-band DL contiguous CA.
Proposal 8: RAN4 need research two issues for FR2 intra-band UL CA configuration:
· Whether the MPR for intra-band UL contiguous CA can be defined based on the channel bandwidth class of intra-band UL contiguous CA.

· Whether the MPR of single carrier can be applied to contiguous RB allocation for intra-band UL contiguous CA when only one CC with activated cell or single UL with intra-band DL contiguous CA.
3. Conclusion

In this contribution, we discussed the MPR reduction for NR single carrier and NR intra-band UL CA proposed:

Proposal 1: RAN4 can research whether ACLR can be modified based on co-existence study, firstly.
Proposal 2: RAN4 can research how to modify the requirements of SEM since the SEM was defined based on regional regulation.

Proposal 3: RAN4 need further confirm whether it is helpful to reduce MPR through improving IQ image and carrier leakage by MPR simulation.
Proposal 4: For inner RB allocations, RAN4 can consider whether can define a new inner RB allocations that is retracted from the legacy inner RB allocations.
Proposal 5: Using previous MPR simulation assumptions to evaluate the MPR reduction as the starting point:
· PA model calibration

· DFT-s-OFDM QPSK 20MHz

· 100RB0  

· 4dB post PA loss

· 1dB MP
· Carrier Leakage: 28dB
· IQ Image: 28dBc
· CIM3: 60dBc
· EVM: 17.5%
· For a PC3 PA the calibration point is 30dB ACLR and for a PC2 PA the calibration point is 31dB ACLR

Proposal 6: For intra-band UL contiguous CA, RAN4 need research whether the MPR of single carrier for PC2 and PC3 can be applied to contiguous RB allocation for CA bandwidth class B and bandwidth class C when LCRB1 = 0 or LCRB2 = 0 (that is, only one CC with activated cell).

Proposal 7: For intra-band UL non-contiguous CA, RAN4 don’t need to specify the MPR applicability for only one CC with active cell, since it has specified that the MPR of single carrier for PC2 and PC3 will apply to intra-band UL non-contiguous CA if LCRB1 = 0 or LCRB2 = 0 (that is, only one CC with activated cell) in current Spec.
Proposal 8: RAN4 need research two issues for FR2 intra-band UL CA configuration:

· Whether the MPR for intra-band UL contiguous CA can be defined based on the channel bandwidth class of intra-band UL contiguous CA.

· Whether the MPR of single carrier can be applied to contiguous RB allocation for intra-band UL contiguous CA when only one CC with activated cell or single UL with intra-band DL contiguous CA.
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