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Introduction
The following MPR reduction work has been approved as part of the RAN4 Rel-19. One motivation for this work is generally relaxing requirements for UEs that have such frequency allocation that makes meeting the requirements less important e.g. inner allocation, UE channel bandwidth within BS bandwidth. Based on RAN4 discussions another motivation is lower complexity UEs such as RedCap UEs that may not be able to meet all the current requirements. Such UEs would need to be operated so that they always have allocation allowing relaxed requirements e.g. the UE channel bandwidth is within BS bandwidth.

RAN4 rel-19 package is considering MPR enhancements [1]: 
“Power boosting and/or MPR reduction 
This area is made up of two parts: power boosting or MPR reduction for single carrier for PC2 and power class 3 (PC3), and MPR reduction for intra-band UL CA configurations. 
Firstly, in the Rel-18 coverage enhancement WI, the power boosting and/or MPR reduction for PC2 and PC3 with QPSK were specified, which is mainly for the inner region of a single UL carrier. The further power enhancement is restricted by out-of-band emission requirements, e.g., ACLR requirement. It is observed that emission requirements could be relaxed under the conditions where no co-existence issue is caused especially for the deployment of two adjacent frequency blocks. Thus, there is additional room to enhance the Tx power further. 
The UL coverage enhancement is one of key enablers for 5G-advanced. Except for the above area of UL CA/DC with PC1.5, another enhancement direction is to further increase the Tx power for PC2 and PC3 for the single carrier transmission, which have been and will be widely used in the future. And it is reasonable that both RedCap and non-RedCap UE should be taken into account. 
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.” 
 
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.
.
Discussion
It has been agreed in WF [2] to consider the following scenarios for power domain enhancement for single carrier: 
Scenario 1-1: Scenario with no adjacent in-band/out-of-band co-existence issue (single operator)
Scenario 1-2: Scenario with no adjacent in-band/out-of-band co-existence issue (adjacent operators)
Scenario 2: Narrower UE channel BW within wider BS bandwidth
Way forward: 
· Prioritize scenario 1-1 and scenario 2 for initial study of power domain enhancements for single carrier in terms of relaxed requirements 
· FFS on sub-scenarios of scenario 2.
· Scenario 1-2 will be studied after scenario 1-1 and scenario 2.
In this paper we propose a solution that would be agnostic to the scenarios mentioned in the WF and therefore could be applied for any scenarios.
Observation 1: We propose a solution that could be applied for any scenario 
Rel-19 currently is focusing on MPR enhancements for 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
Figure 1 shows that out-of-band emissions (i.e., ACLR/SEM) and IBE are the main gating factors (especially for lower order modulations such as QPSK/16 QAM), leading for higher MPR and OBO for outer and inner respectively, and thus lower maximum transmit power.
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Figure 1: Gating factor for different number of continuous allocated RB length (L_CRB) vs RB allocation starting index within UE CBW for an example scenario (CBW, SCS, modulation and waveform, etc)
In 38.101-1, the ACLR/SEM are defined as follows:
	6.5.2.2	Spectrum emission mask
The spectrum emission mask of the UE applies to frequencies (ΔfOOB) starting from the ± edge of the assigned NR channel bandwidth. For frequencies offset greater than ΔfOOB, the spurious requirements in clause 6.5.3 are applicable.
------------------------------------Omitted Text---------------------------------------
6.5.2.4	Adjacent channel leakage ratio
Adjacent Channel Leakage power Ratio (ACLR) is the ratio of the filtered mean power centred on the assigned channel frequency to the filtered mean power centred on an adjacent channel frequency.
To improve measurement accuracy, sensitivity and efficiency, the resolution bandwidth may be smaller than the measurement bandwidth. When the resolution bandwidth is smaller than the measurement bandwidth, the result should be integrated over the measurement bandwidth in order to obtain the equivalent noise bandwidth of the measurement bandwidth.
6.5.2.4.1	NR ACLR
NR Adjacent Channel Leakage power Ratio (NRACLR) is the ratio of the filtered mean power centred on the assigned NR channel frequency to the filtered mean power centred on an adjacent NR channel frequency at nominal channel spacing.
The assigned NR channel power and adjacent NR channel power are measured with rectangular filters with measurement bandwidths specified in Table 6.5.2.4.1-1.
If the measured adjacent channel power is greater than –50 dBm then the NRACLR shall be higher than the value specified in Table 6.5.2.4.1-2.
When the IE [powerBoostPi2BPSKRel18] or [powerBoostQPSKRel18] is set to 1 for a UE supporting the capability of [powerBoostRel18] or capability of [powerBoostTSRel18], for power class 2 UE, the ACLR requirement of PC2 applies. For power class 3 UE, the ACLR requirement of PC3 applies.
 
Table 6.5.2.4.1-1: NR ACLR measurement bandwidth
	Channel bandwidth
	(MHz)
	3,5,10,15,20,25,30,35,40,45,50
	60,70,80,90,100

	REF_SCS
	(kHz)
	15
	30

	NR ACLR measurement bandwidth
	(MHz)
	MBW=REF_SCS*(12*NRB+1)/1000

	NOTE :“NRB” in the formula is the maximum transmission bandwidth configuration as defined in Table 5.3.2-1.


 
Table 6.5.2.4.1-2: NR ACLR requirement
	 
	Power class 1
	Power class 1.5
	Power class 2
	Power class 3

	NR ACLR
	37 dB
	31 dB
	31 dB
	30 dB

	NOTE 1:Void






The ACLR limit is defined based on the same bandwidth size for adjacent bands like UE bandwidth, and thus the relaxation of ACLR limit from the intended requirement would lead to higher interference spread over a wide band. For example, ACLR limit relaxation for X MHz UE CBW would lead to higher interference on 2*X MHz on both sides (i.e., the higher interference is spread over 10 MHz for 5MHz UE CBW with relaxed ACLR limits that could be within BS CBW and/or across single/multiple operator BW). Similarly, the relaxation for SEM/spurious emissions limits may also lead to higher interference over a wide band.
Such additional interference could be within BS channel BW (e.g., scenario 2) leading to higher intra-cell interference, and thus would impose more gNB scheduling constraints. This interference could be also leaking outside BS channel bandwidth within same operator BW or not (e.g., scenario 1-1/1-2) and thus the co-existence/interference impact should be well considered. 

Observation 2: Relaxation of ACLR/SEM/spurious emissions limits will lead to higher interference spread over a wide bandwidth (e.g., intra-cell interference within BS channel bandwidth, intra/inter operator BW interference). 
To avoid higher interference and/or new co-existence study for relevant scenario, 5G NR ACLR/SEM/spurious emissions limits (e.g., defined in 38.101) can be maintained while achieving MPR enhancements for all scenarios. Further OOBE limits relaxation can be considered according to the scenario if the additional MPR gain is justified with the additional co-existence/interference impact.
Proposal 1: Prioritize the study of MPR enhancement with current 5G NR ACLR/SEM/spurious emissions limits (values) for all identified scenarios, and FFS OOBE limit relaxation for each scenario based on the co-existence/interference impact.
Proposal 2: Prioritize the study of MPR enhancement solutions applicable for all identified scenarios.
The MPR enhancement for RedCap and non-Redcap devices should avoid higher interference over a wide bandwidth and carefully handle the intra/inter-cell and intra/inter-operator interference.  
Proposal 3: MPR enhancement for RedCap and non-Redcap devices should avoid higher interference over a wide bandwidth and carefully handle intra/inter-cell and intra/inter-operator interference.
For instance, BS indication for a wider guard band configuration, as shown in the example of Figure 2, provides MPR enhancement with all identified scenarios and restricts the additional leakages/interferences with higher transmit power to be well confined within a small pre-defined bandwidth (i.e., avoid leakage spreading over a wide bandwidth e.g., double of UE CBW). 
Such MPR enhancement solution maintains the same system performance with all identified scenarios even for others with co-existence, avoids gNB scheduling constraints or system performance impact, and allows MPR and UL coverage enhancement even with current ACLR/SEM/spurious emissions limits and UE RF.
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Figure 2: Configurable guard-band for MPR enhancement 

Observation 2: Defining wider/relaxed guard band configuration allows MPR reduction and/or additional power boost capability with the current ACLR/SEM/spurious emissions limits and UE RF/hardware. 
Proposal 4: RAN4 should specify at least one guard band configuration larger than the minimum guard band and its associated enhanced MPR/power boost for (non-)RedCap devices.



In narrower UE channel BW within wider BS bandwidth, considering that UE and BS are synchronous, we could assume that the interference created outside the UE channel bandwidth is manageable, and IBE could ensure that interference is at reasonable level.
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Figure 3: OOB style in Rel 18 versus OOB candidate for Rel 19
Observation 3: Defining UE requirements according to the BS channel bandwidth would allow reduced MPR as the IBE will be further relaxed.

Proposal 5: For MPR reduction the UE requirements (ACLR/SEM/spurious emission, IBE) should be defined according to BS CBW as shown in option 2 of the figure 3. 


Conclusion
In this paper we discuss our view on the study MPR reduction. Observations and proposals are given as follow:
Observation 1: We propose a solution that could be applied for any scenario 
Observation 2: Relaxation of ACLR/SEM/spurious emissions limits will lead to higher interference spread over a wide bandwidth (e.g., intra-cell interference within BS channel bandwidth, intra/inter operator BW interference).
Proposal 1: Prioritize the study of MPR enhancement with current 5G NR ACLR/SEM/spurious emissions limits for all identified scenarios, and FFS OOBE limit relaxation for each scenario based on the co-existence/interference impact.
Proposal 2: Prioritize the study of MPR enhancement solutions applicable for all identified scenarios.
Proposal 3: MPR enhancement for RedCap and non-Redcap devices should avoid higher interference over a wide bandwidth and carefully handle intra/inter-cell and intra/inter-operator interference.
Observation 2: Defining wider/relaxed guard band configuration allows MPR reduction and/or additional power boost capability with the current ACLR/SEM/spurious emissions limits. 
Proposal 4: RAN4 should specify at least one guard band configuration larger than the minimum guard band and its associated enhanced MPR/power boost for (non-)RedCap devices.
Observation 3: Defining UE requirements according to the BS channel bandwidth would allow reduced MPR as the IBE will be further relaxed.

Proposal 5: For MPR reduction the UE requirements (ACLR/SEM/spurious emission, IBE) should be defined according to BS CBW as shown in option 2 of the figure 2. 
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