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1 Introduction
In Rel-19, in the WI “UE RF enhancements for NR FR1/FR2 and EN-DC, Phase 4”[1],  MPR reduction is included as one of the objectives. In RAN4#110bis WF, for FR2 single carrier UL or intra-band UL CA with intra-band DL CA, the cases for applicable MPR changing from DL CABW dependent to UL carrier/CABW dependent were agreed. This paper provides benefits and proposals of improving these MPR requirements.
2 Discussion
Background:
As mentioned in the Rel-19 UE RF enhancements WI[1], for both FR1 and FR2, it is noted that a large margin exists between the current MPR requirement and the measured power back-off for intra-band CA. MPR is defined primarily based on the combined bandwidth configuration rather than based on the scheduled active UL CC, and the UL CA or DC transmit power capability is underutilized compared to a single CC transmission.
	Justification in [1]
Power boosting and/or MPR reduction
….
Secondly, it was observed that a large margin exists between the current MPR requirements and the measured power back-off for intra-band CA for both FR1 and FR2. The MPR is defined mainly based on the configuration of band combination rather than based on the active UL CCs scheduled. The transmission power capability for UL CA or DC is not fully utilized compared to the single CC transmission. So it is proposed to revisit and improve the MPR definition for the NR intra-band UL CA or DC. 

Particularly, the current MPR for intra-band non-contiguous UL CA is defined based on the assumption of single PA and that one Tx branch can support the non-contiguous frequency blocks with separation less than 100MHz. Under such condition, the applied MPR value is larger than that of corresponding non-CA case, which would significantly reduce the coverage for intra-band non-contiguous UL CA.



To address this issue, one of the objectives is to review and improve the MPR definition of NR single carrier and NR intra band UL CA, and the following is set forth.
	Objective in [1]
Power boosting and/or MPR reduction
· Specify power domain enhancement, e.g., MPR reduction for NR single carrier and NR intra-band UL CA
· ….

· 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


Discussion:
In WF[2], in RAN4#110bis, three cases for applicable MPR changing from DL CABW dependent to UL carrier/CABW dependent were agreed.
	2.3 MPR applicability for FR2 single carrier UL or intra-band UL CA with DL intra-band CA 

Way forward:

· The following cases will be further discussed in next meeting for applicable MPR changing from DL CABW dependent to UL carrier/CABW dependent with UE capability.

· single carrier UL with DL intra band CA

· intra-band UL CA with DL intra band CA (configuration based)

· intra-band UL CA with DL intra band CA (CC activation based)

· FFS the details of the UE capability


Single carrier UL with DL intra band CA
Here we would like to clarify the benefits of this enhancement comparing it with already existing exceptions to improve MPR for the case of single carrier UL with DL intra band CA. As marked by yellow in the excerpt of the specification TS 38.101-2 below, for some power classes, intra-band contiguous CA MPR can be improved with the following conditions [3]:
- DFT-s-BPSK or DFT-s-QPSK

- A continuous RB is included in a single CC of a CA configuration

- CABW ( 400 MHz
Then the MPR values in Table 6.2.2.3-1 or Table 6.2.2.3-2 apply, depending on the BW.
	6.2A.2.4.1
Maximum output power reduction for power class 3 intra-band contiguous CA
For power class 3, MPR for intra-band contiguous UL CA with contiguous allocations within the cumulative aggregated bandwidth is denoted as MPRC_CA and is defined in Tables 6.2A.2.4-1 and 6.2A.2.4-2.

Table 6.2A.2.4-1: Maximum power reduction (MPRC_CA) for UE power class 3 in FR2-1
Cumulative aggregated channel bandwidth (CABW)
≤ 400 MHz

> 400 MHz and < 800 MHz

≥ 800 MHz and ≤ 1400 MHz

> 1400 MHz and ≤ 2400 MHz
DFT-s-OFDM

Pi/2 BPSK

≤ 5.01
≤ 7.7
≤ 8.2

≤ 8.7
QPSK

≤ 5.01
≤ 7.7
≤ 8.2

≤ 9.7
16 QAM

≤ 6.5

≤ 8.7

≤ 9.3

≤ 9.7
64 QAM

≤ 9.0

≤ 10.7

≤ 11.2

≤ 11.7
CP-OFDM

QPSK

≤ 5.0

≤ 7.5

≤ 8.0

≤ 9.7
16 QAM

≤ 6.5

≤ 8.7

≤ 9.2

≤ 9.7
64 QAM

≤ 9.0

≤ 10.7

≤ 11.2

≤ 11.7
NOTE 1:
(Void).

….
In case of a contiguous RB, DFT-s-BPSK or DFT-s-QPSK UL allocation in a single CC of a CA configuration with contiguous CCs, and whose cumulative aggregated BW ( 400 MHz, MPRC_CA shall be derived instead as MAX(MPR1, MPR2), where: 


MPR1 shall be determined from Table 6.2.2.3-1 if CABW ( 200 MHz, from Table 6.2.2.3-2 if CABW > 200 MHz. 

MPR2 shall be determined from Table 6.2.2.3-1 if UL BWchannel_CA ( 200 MHz, from Table 6.2.2.3-2 if UL BWchannel_CA > 200 MHz. 


	Table 6.2.2.3-1 MPRWT for power class 3, BWchannel ≤ 200 MHz, FR2-1
Modulation
MPRWT, BWchannel ≤ 200 MHz

Inner RB allocations,

Region 1

Edge RB allocations

DFT-s-OFDM

Pi/2 BPSK

0.0

≤ 2.0

QPSK

0.0

≤ 2.0

16 QAM

≤ 3.0

≤ 3.5

64 QAM

≤ 5.0

≤ 5.5

CP-OFDM

QPSK

≤ 3.5

≤ 4.0

16 QAM

≤ 5.0

≤ 5.0

64 QAM

≤ 7.5

≤ 7.5

….
Table 6.2.2.3-2 MPRWT for power class 3, BWchannel = 400 MHz, FR2-1

Modulation
MPRWT, BWchannel = 400 MHz
Inner RB allocations,
Region 1
Edge RB allocations

DFT-s-OFDM

Pi/2 BPSK

0.0

≤ 3.0

QPSK
0.0

≤ 3.0

16 QAM
≤ 4.5

≤ 4.5

64 QAM
≤ 6.5

≤ 6.5

CP-OFDM
QPSK

≤ 5.0

≤ 5.0

16 QAM
≤ 6.5

≤ 6.5

64 QAM
≤ 9.0

≤ 9.0




However, existing exception rules do not cover the cases of16QAM and 64QAM for DFT-s-OFDM, all modulations for CP-OFDM, and CABW is larger than 400MHz. By applying the MPR depending on the UL BW for all modulation schemes, further MPR reduction can be obtained. Comparing the MPR values defined in the current specification, there is a 3-3.5 dB MPR reduction, especially for DFT-s-OFDM with 16QAM and less than or equal to 200 MHz CBW, and thus an expansion of the 16QAM usage area is expected.
Proposal 1: Apply the MPR depending on the UL BW for all modulation schemes to obtain further MPR reductions in addition to the existing exceptions. In particular, the area of use is expected to be expanded for DFT-s-16QAM.
Intra-band UL CA with DL intra band CA

As pointed out in [4], based on the current MPR requirements for intra-band contiguous CA[3], different MPR values are defined among four cases such as:

·  Case 1: CABW≤ 400 MHz
·  Case 2: CABW> 400 MHz and CABW< 800 MHz
· Case 3: CABW≥ 800 MHz and CABW≤ 1400 MHz
· Case 4: CABW> 1400 MHz and CABW≤ 2400 MHz
Therefore, if we introduce a new feature of MPR depending on UL CA BW, MPR can be improved when UL CA BW is changed from one case to another case among the four different cases. For example, assuming UE configured with UL 800MHz/DL 800MHz, when the configuration is changed to UL 400MHz/DL 800MHz, then the MPR can be improved as UE follows case 1 MPR instead of case 2. 
At the same time, it also implies that MPR cannot be improved even if UL CA BW is changed. For example, assuming UE configured with UL 400MHz/DL 400MHz, when the configuration is changed to UL 200MHz/DL 400MHz, then the MPR cannot be improved as UE still follows case 1 MPR. To address this issue, one way is to specify the MPR requirements for CABW < 400 MHz (e.g., ( 200 MHz) to expand the cases where MPR reductions can be obtained.
Proposal 2: For FR2 intra-band UL CA, specify MPR requirement for CABW < 400 MHz (e.g., ( 200 MHz) to expand the cases where MPR reductions can be obtained.
Furthermore, the improved MPR requirements based on CC activation offer the advantage that no configuration changes are required in the movement to and from the cell edge. For example, we assume UE configured with UL 800MHz/DL 800MHz. In the case of configuration-based solution, when UE moves to cell edge, NW needs to change its configuration from UL 800MHz to UL 400MHz to have improved MPR. On the other hand, in the case of activation-based solution, NW can keep the configuration as it is which would improve NW operation efficiency.
Observation 1: For FR2 intra-band UL CA, CC activation based MPR reduction can offer the advantage that no configuration changes are required in the movement to and from the cell edge.
3 Conclusion

Here we summarize our proposals: 
Proposal 1: Apply the MPR depending on the UL BW for all modulation schemes to obtain further MPR reductions in addition to the existing exceptions. In particular, the area of use is expected to be expanded for DFT-s-16QAM.
Proposal 2: For FR2 intra-band UL CA, specify MPR requirement for CABW < 400 MHz (e.g., ( 200 MHz) to expand the cases where MPR reductions can be obtained.
Observation 1: For FR2 intra-band UL CA, CC activation based MPR reduction can offer the advantage that no configuration changes are required in the movement to and from the cell edge.
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