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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. For FR2 intra-band CA, MPR is defined based on both of UL CBW and DL CBW, thus 1UL/xDL operation needs large MPR based on xDL CA bandwidth. This paper provides proposals to improve 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 TS38.101-2[2], as noted above, the FR2 CA MPR is determined based on 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.  This is defined as Cumulative aggregated channel bandwidth(CABW) as follows:
	Cumulative aggregated channel bandwidth: 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.


Based on the concept of CABW for MPR, when 1UL/xDL CA is configured, i.e., even when the number of UL CC is one, larger MPR applies due to xDL CA channel bandwidth. For example, suppose that CC is set up in the following configuration.
- UL 1CC with 100MHz

- DL 4CC intra band contiguous CA with 100MHz x 4CC

- 16QAM, DFT-s-OFDM, Inter RB allocation

For power class 3 intra-band contiguous CA[3], CABW = 400 MHz in this case, which results in an MPR of 6.5 dB. This high MPR may reduce the UE transmit power, which may degrade the UL throughput by the NW. While we understand not all UEs use the 6.5 dB MPR in actual operation since MPR is just “Maximum” power reduction, from NW design perspective, we need to consider MPR values as worst case.
	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).




If this is to be avoided, especially for a UE is in a cell edge, one possible NW operation is to cancel the DL CA and configure only 1CC DL. In fact, by setting UL 1CC/DL 1CC, the MPR can be suppressed to 3 dB as shown in Table 6.2.2.3-1. However, there is concern that this NW operation may result in a decrease in DL throughput. This also makes it difficult to use a joint scheduler for DL multi-cell operation instead of a per-cell scheduler.
	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




As described above, it can be said that the current specifications do not fully utilize the UE transmit power performance due to the high MPR during CA.
Observation 1: With the current specifications, the FR2 CA MPR is based on CABW, which may prevent the NW from fully utilizing the UE transmit power performance.
One of the reasons why the FR2 CA MPR is based on CABW is that according to section 7.2A.2 in TR 38.817-1[3], it considers UEs whose LO is designed to be applied for both UL and DL. This means that even if the instantaneous bandwidth of UL is very small compared to DL, the MPR will be applied considering the wider bandwidth of the DL CA.
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Figure 7.2A.2-2: ΔG gain between large cumulative aggregated channel bandwidth vs small UL aggregate bandwidth[3]



Considering the above, one solution to this is to set an MPR that depends only on UL channel bandwidth. From UE implementation perspective, one way to achieve this would be to design UEs that do not share LOs with UL and DL, but use independent LOs, and the technical feasibility and cost of such a solution should be studied. We would like to note that the motivation is to solve the problem, and open to discuss any other solutions. The above discussion is proposed in RAN #103 as well[4].
Proposal 1: Study, as one of the improved MPR solution, whether MPR for FR2 single carrier UL or intra band UL CA with DL intra band CA can be defined based on only UL CBW (i.e., independent from DL CBW). Other solutions are not precluded.
Proposal 2: Target band combination is CA n257I if needed.
3 Conclusion

Here we summarize our proposals: 
Observation 1: With the current specifications, the FR2 CA MPR is based on CABW, which may prevent the NW from fully utilizing the terminal's performance.
Proposal 1: Study, as one of the improved MPR solution, whether MPR for FR2 single carrier UL or intra band UL CA with DL intra band CA can be defined based on only UL CBW (i.e., independent from DL CBW). Other solutions are not precluded.
Proposal 2: Target band combination is CA n257I if needed.
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