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1 Introduction
In RAN#102 meeting, a new Work Item [1] was approved on UE RF enhancements for NR FR1/FR2 and EN-DC, Phase 4, one of the objectives is about power boosting and/or MPR reduction as follows. In this contribution, we want to share some further views on MPR applicability for FR2.
	· 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
· [bookmark: OLE_LINK6]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
· [bookmark: OLE_LINK11]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
· [bookmark: OLE_LINK13]MPR requirement is not applicable until the SCell is activated
· Necessary signaling to support the above objectives



2 Discussion
	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


As we know, the existing MPR requirements for FR2 intra-band UL CC are largely based on the CABW(cumulative aggregated channel bandwidth), which considering a UE with a common LO for UL and DL. Even when UL is single CC, the MPR is still based on the DL CA bandwidth (i.e. DL CA only), which would be larger than UL. However, not all UEs employ a common LO for both, UL and DL. Some UEs have fast LO switching, or dedicated LOs for Tx and Rx paths. Hence, it is feasible for these UEs to change applicable MPR from CABW dependent to UL carrier/CABW dependent.
Proposal 1: It is feasible for UEs with fast LO switching or with dedicated LOs for Tx and Rx paths to change applicable MPR from CABW dependent to UL carrier/CABW dependent.
Based on the above way forward in last meeting [2], MPR applicability for FR2 single carrier UL or intra-band UL CA with DL intra-band CA can be divided into three cases.
Case 1: single carrier UL with DL intra band CA
For UEs with fast LO switching, or with dedicated LOs for Tx and Rx paths, if single UL CC with intra-band DL CA is configured, it is feasible to decouple single UL CC and intra-band DL CA. Applicable MPR can change from CABW to single carrier with UE capability. It is worth to mention that there are several MPR tables for single CC operation based on channel bandwidth and frequency range. Take PC3 as an example, 5 tables of MPR are specified: two for FR2-1 and three for FR2-2. Among the two MPR tables for FR2-1, one is for BWchannel ≤ 200 MHz and the other for BWchannel = 400 MHz. Three tables for FR2-2 are for BWchannel = 100 MHz, BWchannel = 400 MHz and BWchannel ≥ 800 MHz. In addition, it has been defined that “for downlink intra-band contiguous and non-contiguous carrier aggregation with a single uplink component carrier configured in the NR band, the maximum output power is specified in clause 6.2.1” in TS 38.101-2. So, for single UL CC with intra-band DL CA, it can use MPR for single CC based on power class, channel bandwidth and frequency range of single UL CC with UE capability.
Proposal 2: For single UL CC with intra-band DL CA, it can use MPR for single CC based on power class, channel bandwidth and frequency range of single UL CC with UE capability.
Case 2: intra-band UL CA with DL intra band CA (configuration based)
Usually, larger channel bandwidth would cause larger MSD due to more sever PA non-linearity. Decoupling the UL and DL bandwidth would reduce the MPR. We believe that defining the MPR for intra-band CA based on UL BW is feasible, regardless of the DL cumulative aggregated channel bandwidth. For case 2, if a UE supports LO switching or has separate LOs for Tx and Rx, it also can decouple intra-band UL CA and intra-band DL CA. In this case, applied MPR could change from CABW to intra-band UL CA with UE capability. For example, the MPR requirement are defined for four CABW groups in Table 6.2A.2.4-1 for PC3 intra-band contiguous CA, which are as follows. If intra-band UL CA is ≤ 400 MHz and CABW is ≥ 800 MHz and ≤ 1400 MHz, the MPR requirements in the intra-band UL CA group of ‘≤ 400 MHz’ can be applied with UE capability.
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).


Proposal 3: For case 2, if a UE supports LO switching or has separate LOs for Tx and Rx, it also can decouple intra-band UL CA and intra-band DL CA. In this case, applied MPR could change from CABW to intra-band UL CA with UE capability.
Case 3: intra-band UL CA with DL intra band CA (CC activation based)
According to TS 38.321 section 5.9, SCell activation/deactivation can occur through four approaches as follows. By knowing which SCells are activated/deactivated, the number of UL CCs activation can also be determined. Hence, it also could separate intra-band UL CA and intra-band DL CA. If only one UL CC activation, we think single CC MPR can be utilized with UE capability, which is similar to case 1. If more than one UL CCs activation, it looks like case 2, applied MPR could change from CABW to intra-band UL CA with UE capability. 
Proposal 4: If only one UL CC activation, we think single CC MPR can be utilized with UE capability, which is similar to case 1. If more than one UL CCs activation, it looks like case 2, applied MPR could change from CABW to intra-band UL CA with UE capability. 
	1>	if an SCell is configured with sCellState set to activated upon SCell configuration, or an SCell Activation/Deactivation MAC CE or an Enhanced SCell Activation/Deactivation MAC CE is received activating the SCell:
2>	if the SCell was deactivated prior to receiving this Enhanced SCell Activation/Deactivation MAC CE and a TRS is indicated for this SCell:
3>	indicate to lower layers the information regarding the TRS.
2>	if the SCell was deactivated prior to receiving this SCell Activation/Deactivation MAC CE or this Enhanced SCell Activation/Deactivation MAC CE; or
2>	if the SCell is configured with sCellState set to activated upon SCell configuration:
3>	if firstActiveDownlinkBWP-Id is not set to dormant BWP:
4>	activate the SCell according to the timing defined in TS 38.213 [6] for MAC CE activation and according to the timing defined in TS 38.133 [11] for direct SCell activation; i.e. apply normal SCell operation including:
5>	SRS transmissions on the SCell;
5>	CSI reporting for the SCell;
5>	PDCCH monitoring on the SCell;
5>	PDCCH monitoring for the SCell;
5>	PUCCH transmissions on the SCell, if configured.
3>	else (i.e. firstActiveDownlinkBWP-Id is set to dormant BWP):
[bookmark: _Hlk34312785]4>	stop the bwp-InactivityTimer of this Serving Cell, if running.
3>	activate the DL BWP and UL BWP indicated by firstActiveDownlinkBWP-Id and firstActiveUplinkBWP-Id respectively.
2>	start or restart the sCellDeactivationTimer associated with the SCell according to the timing defined in TS 38.213 [6] for MAC CE activation and according to the timing defined in TS 38.133 [11] for direct SCell activation;
2>	if the active DL BWP is not the dormant BWP:
3>	(re-)initialize any suspended configured uplink grants of configured grant Type 1 associated with this SCell according to the stored configuration, if any, and to start in the symbol according to rules in clause 5.8.2;
3>	trigger PHR according to clause 5.4.6.



For FR2 UEs, it is necessary to introduce to a new UE capability of changing applicable MPR from CABW dependent to UL carrier/CABW dependent. This new UE capability could be an optional feature based on whether UEs support fast LO switching or dedicated LOs for Tx and Rx paths, and it could be release independent.
Proposal 5: It is necessary to introduce to a new UE capability of changing applicable MPR from CABW dependent to UL carrier/CABW dependent. This new UE capability could be optional and release independent.

3 Conclusion
In this contribution, we shared some views on MPR applicability for FR2 and the proposals are made as follows:
Proposal 1: It is feasible for UEs with fast LO switching or with dedicated LOs for Tx and Rx paths to change applicable MPR from CABW dependent to UL carrier/CABW dependent.
Proposal 2: For single UL CC with intra-band DL CA, it can use MPR for single CC based on power class, channel bandwidth and frequency range of single UL CC with UE capability.
Proposal 3: For case 2, if a UE supports LO switching or has separate LOs for Tx and Rx, it also can decouple intra-band UL CA and intra-band DL CA. In this case, applied MPR could change from CABW to intra-band UL CA with UE capability.
Proposal 4: If only one UL CC activation, we think single CC MPR can be utilized with UE capability, which is similar to case 1. If more than one UL CCs activation, it looks like case 2, applied MPR could change from CABW to intra-band UL CA with UE capability. 
Proposal 5: It is necessary to introduce to a new UE capability of changing applicable MPR from CABW dependent to UL carrier/CABW dependent. This new UE capability could be optional and release independent.
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