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Introduction
During RAN#103, the Rel-19 WI on UE RF enhancements for NR FR1 and FR2 Phase 4 has been approved. Objectives related to power boosting and/or MPR reduction are reproduced as follows [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
· 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


In this contribution, we would like to share our views regarding this Rel-19 topic.
Discussion
MPR reduction for NR single band operation
Single carrier transmission is typical in the field that would require enhancement on coverage based on operators’ feedback. Although defining higher power like PC1.5 is a straightforward way for that enhancement, it would be challenging for the UE design considering the cost, size and power consumption. So it could be more realistic to consider that can be enhanced for existing equipment, i.e., PC3 and/or PC2 UE. In Rel-18, it was agreed by RAN4 to boost 0.5dB for PC2 and by 1dB for PC3 in the inner region based on transparent scheme like FDSS.
As for outer region, it was deprioritized in Rel-18 since the UE could face more difficulties to boost power considering all existing requirements including ACLR, SEM and spurious emissions. But from network perspective, it could still prefer higher UL power in order to cope with persistently increasing uplink traffic demands.  
For better illustration, our measurements in Figure 1 shows the possible scheduling decision on RB number for UE near the cell edge (RSRP<-100dBm). For instance, MCS = 7 in average and full power transmission can be scheduled. The share of <= 10 RBs allocation can reach 26% and the second highest proportion is 19% corresponds to the scheduling with more than 200 RBs. Also, the average scheduled RB number is 98. Therefore, it is convincing that larger number of RB can be scheduled since we choose typical burst UL traffic as short video service.
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[bookmark: _Ref162692390]Figure 1. Distribution of RB number scheduled for UL

Observation 1: Real world UL traffic proves the necessity of power domain enhancement for large RB number allocation.

Targeting large RB allocation at outer region, we think relaxation on ACLR can be the low-hanging fruit since SEM and spurious emissions are formulated from regulation. ACLR is defined as the power ratio of the filtered mean power centred on the assigned channel to the filtered mean power centred on an adjacent channel, which is to ensure that the transmitter does not cause excessive interference to the adjacent channels between different operators. For the adjacent channels of one operator, the interference between them is small because time-frequency offset correction ensures that the subcarriers of two channels are orthogonal, or can be eliminated by scheduling. The value of ACLR is usually derived based on co-existence study, which is reflected in the specification as an integral result in the dedicated CBW compared to requirement of SEM.

Observation 2: ACLR is derived from co-existence study to ensure that the transmitter does not cause excessive interference to the adjacent channels between different operators.

SEM applying to frequencies (ΔfOOB) starting from the edge of the assigned channel bandwidth, provides a template to measure whether emissions exceed absolute values. The SEM definition takes into account the baseband spectrum shaping implementation usually by FIR filtering, which explains why the absolute values for SEM vary across different ΔfOOB, especially for the close end to the transmitted signal. Since the filter implementation is based on the existing specification, it appears that there would be no benefit even if SEM was relaxed, considering the minimization of implementation impact. It has connection to ACLR but with different emphasis: ACLR considers the average power leaked into adjacent channels by using the channel bandwidth as the measurement bandwidth. It reflects the transmitter’s “noise floor” in adjacent channel. On the other hand, SEM captures out-of-specification points within narrower measurement bandwidths in adjacent channel, emphasizing “unwanted emissions based on the noise floor.” 

Observation 3: SEM has connection with ACLR but with different emphasis:
· ACLR considers the average power leaked into adjacent channels by using the channel bandwidth as the measurement bandwidth. It reflects the transmitter’s “noise floor” in adjacent channel, while SEM captures out-of-specification points within narrower measurement bandwidths in adjacent channel, emphasizing “unwanted emissions based on the noise floor.”


Spurious are emissions which are caused by unwanted transmitter effects such as harmonics emission, parasitic emissions, intermodulation products and frequency conversion products, but exclude out of band emissions unless otherwise stated. It is clear that the spurious emission also can be regarded as “noise floor” and apply for the frequency ranges that are more than FOOB from the edge of the channel bandwidth. Similar to the SEM, Spurious is related to regulations and may have little power impact when being relaxed.

Observation 4: Spurious are related to regulations and represents “noise floor” far from the edge of the channel bandwidth.

For the sake of analysis, an example of these RF requirements in a 20 MHz bandwidth is illustrated in Figure 2. It can be found from Figure 2 that the interference measured by the ACLR has different absolute values corresponding to different power classes. It seems more reasonable to assess the interference to adjacent channels with the absolute value of ACLR, because it is analogous to the spurious emissions that secure the compatibility and coexistence of various mobile communications systems. Intuitively, if the higher absolute value of ACLR can be tolerable for PC1.5 under a certain condition, the same level of absolute value of ACLR can also be allowed for PC3 and PC2 on the same condition, because the similar interference levels can be expected. Besides, the up to 100MHz channel bandwidth is used for NR, and thus even with higher transmission power the PSD of interference caused by ACLR would be relatively lower compared to smaller transmission bandwidths in 3G and 4G.
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[bookmark: _Ref162701269]Figure 2 Example of ACLR, SEM and spurious in a 20 MHz bandwidth

Observation 5: The interference measured by the ACLR has different absolute values corresponding to different power classes and the absolute value of ACLR would be a reasonable metric for ACLR relaxation.

Prior to discussion on scenario for power domain enhancement, the definitions of UE channel bandwidth (UE CBW) and BS channel bandwidth (BS CBW) need to be discussed first. For LTE, UE CBW is that the RF bandwidth supporting a single E-UTRA NR RF carrier with the transmission bandwidth configured in the uplink or downlink of a cell, and BS CBW is that the RF bandwidth supporting a single E-UTRA NR RF carrier with the transmission bandwidth configured in the uplink or downlink. In LTE, they are always the same and it is not possible to add different channel bandwidths in a backwards compatible way, e,g, 20MHz UE CBW is not allowed to access 50MHz BS CBW. This limitation highlights the need for CA when supporting wider bandwidths. However, CA introduces additional overhead and complexity due to the increased number of combinations. For NR, the limitation was removed and BS CBW to be requested within Rel-15 is limited to a subset of those that equal a sum of component UE CBW (e.g. 10+15=25, 20+50=70) for sub-6GHz, namely the UE CBW could be different from the cell CBW. In addition, from the scheduling perspective, the active BWP configured for UE side could also be part of the UE CBW. And it has an agreement long time ago that the RF requirements is based on UE CBW rather than based on BWP. 

Observation 6: UE CBW could be different from the NW CBW, and the RF requirements are specified based on UE CBW.
With our above understanding to the requirements that can possibly be relaxed, we would like to elaborate the target scenarios as below from the perspective of whether there are adjacent channels of different operators:
Scenario 1: No adjacent channels from different operators
Scenario 2: Adjacent channels occupied by different operators 

Scenario 1: No adjacent channels from different operators
If there are no adjacent channels from different operators, ACLR and SEM seem to lose their original purpose. Because the spectral domain of spurious is broad and regarded as “floor noise”, spurious still contribute to other bands. .This scenario can be further divided into two sub-scenarios. When UE CBW is equal to BS CBW, for example n28 with 30MHz channel bandwidth, the in-band signal quality can still be measured by other requirements, and the system performance is not affected without ACLR or SEM. 
[bookmark: _Hlk163427459]A UE with a narrower UE CBW is capable of establishing a connection to a BS with a wider BS CBW. For instance, a UE with a UE CBW of 20MHz is able to connect to a BS with a BS CBW of 100MHz within band n41. In this sub-scenario, a common characteristic of BS CBW is that all subcarriers need to be coherent between subcarriers achieved by transmitting/receiving the whole carrier though the same RF chain, and can be processed by a single FFT. Therefore, regardless of whether the UE CBW is equal to BS CBW, UE in a channel without any adjacent channels of different operators can be allowed not to meet the existing ACLR requirement. Further, considering that the SEM defined by absolute values is related to regulations, it is recommended to further check whether SEM can be relaxed. Especially for the FDD band, ACLR and SEM relaxation may affect the downlink. Therefore, the RSD needs to be further considered. 
Proposal 1: UE in a channel without any adjacent channels of different operators can be allowed not to meet the existing ACLR requirement, and further consider 
· whether SEM can be relaxed
· RSD for FDD band

Scenario 2: Adjacent channels occupied by different operators
When the adjacent channels of different operators are present, there are still two sub-scenarios. For the scenario 2-1 that the UE CBW is equal to BS CBW, for example n39 with 30MHz channel bandwidth and n1 with 45MHz channel bandwidth are adjacent. We think there is still some room to relax ACLR and/or SEM according to the new WID as whether the RF requirement can be relaxed still depends on BS indication. The ACLR for PC2 as an example is determined through co-existence study based on uplink system simulation. For the purpose of simplifying simulation, all UEs in one system whatever the interfering system or the victim system has same power class and ACLR requirement, which can be used as a baseline for further investigating the impact of ACLR and/or SEM relaxation on the victim system. Based on this simulation assumption, BS signals several UEs, especially indoor ones, to enable ACLR and/or SEM relaxation. In this case, we anticipate that the performance of the victim system will not be compromised. Actually, the extent and the feasibility of relaxing the ACLR requirement can be readily evaluated by using the co-existence simulator. In addition, whether the two CCs are deployed at the same site or different sites also needs to be considered. 

[bookmark: _Hlk163433070]Proposal 2: For the scenario: UE CBW=BS CBW, several UE indicted by BS in a channel with adjacent channels may be allowed to meet relaxed ACLR requirement, which the feasibility need to be further evaluated:
· Two deployments including the same site or different sites.
· Whether SEM can be relaxed

[bookmark: _Hlk163434752]For the scenario 2-2 that the UE CBW is narrower than BS CBW, for example, a RedCap UE with 20MHz UE CBW can connect to a BS with 100MHz BS CBW in band n78. When the frequency offset between the edge of UE CBW and the edge of BS CBW is wider than or equal to UE CBW, the ACLR and SEM requirement can be relaxed potentially because the interference between adjacent channels of different operators is small and ACLR region is still within the BS CBW. But when the frequency offset between the edge of UE CBW and the edge of BS CBW is narrower than UE CBW, the feasibility needs to be further evaluated.

Proposal 3: For the scenario: UE CBW<BS CBW and the frequency offset between the edge of UE CBW and the edge of BS CBW is wider than or equal to UE CBW, UE in a channel with adjacent channels of different operators can be allowed not to meet the existing ACLR requirement, and further consider 
· whether SEM can be relaxed
· RSD for FDD band

Proposal 4: For the scenario: UE CBW<BS CBW and the frequency offset between the edge of UE CBW and the edge of BS CBW is narrower than UE CBW, UE in a channel with adjacent channels of different operators may be allowed to meet relaxed ACLR requirement, which the feasibility need to be further evaluated.
· Two deployments including the same site or different sites
· Whether SEM can be relaxed

In addition to relaxing the value of the ACLR and/or SEM requirement, the other way to relaxation is the reference bandwidth is BS CBW instead of UE CBW for the scenario 2-2. Similar to the above, the feasibility still needs to be evaluated by using the co-existence simulator.

Proposal 5: For the scenario: UE CBW<BS CBW, UE in a channel with adjacent channels of different operators may be allowed to meet relaxed ACLR requirement, which the feasibility need to be further evaluated.
· Two deployments including the same site or different sites.
· Whether SEM can be relaxed.

Additionally, ACLR/SEM/Spurious emission requirements based on BWP that can be narrower than UE CBW should be excluded in the WID, because it means that the RF requirements are somehow more stringent. 

Proposal 6: BWP-based ACLR/SEM/Spurious emission requirements should be excluded from WID.

In addition to the example bands given above, companies are encouraged to provide more example bands to identify and apply to more scenarios.

MPR applicability study for intra-band CA
Applicable MPR for corresponding intra-band CA cases in the WI scope can be summarized as below. (Reproduce from TS 38.101-1/2 v18.4)   
	FR1 intra-band contiguous UL CA
	#1: Table 6.2A.2.1-1 is applied for
· PC3 CA bandwidth class B and C
#2: Table 6.2A.2.1-1a is applied for
· PC2 CA bandwidth class B and C, absent for dualPA-Architecture
· PC2 CA bandwidth class C, with dualPA-Architecture
#3: Table 6.2A.2.1-1b is applied for
· PC2 CA bandwidth class B and C, with TxD

	FR1 intra-band non-contiguous UL CA
	In general, single band MPR is applied when LCRB1 = 0 or LCRB2 = 0.
Otherwise, apply different MPR table depending on whether -13dBm/MHz can be met.

	FR2-1 intra-band contiguous UL CA
	For PC3 and the aggregated channel bandwidth no greater than 800 MHz, MPRC_CA is defined in Tables 6.2A.2.4-1.

	FR2-1 intra-band DL contiguous CA with single UL
	MPR for contiguous UL CA applies and where necessary, BWchannel shall be used as BWchannel_CA.


As stated in the WID, following analysis from MPR applicability perspective are provided for each concerning scenario, respectively.
FR1 intra-band contiguous UL CA
For this case, it can be observed that the gap between CA MPR and single band MPR becomes obvious especially for large aggregated channel bandwidth. On the other hand, there could be a tendency from the network to deactivate SCell when UL traffic is not high, while UE could be capable of applying smaller MPR in order to prioritize UL coverage. 
With that, it is crucial that following preliminary principle can be followed for the future discussion:     
· The terminology “activation/deactivation” should not be interpreted as DCI indication. Instead, existing serving cell activation/deactivation based on MAC CE can be considered as feasible for UE to provide differentiated MPR applicability.  
· Since the WID objective is to specify MPR applicability 
· The power class should remain the same as the CA power class when activated cell number is changed. 
· For example, if a UE indicates PC1.5 for band n78 and PC2 for n78C, the intention is to study whether PC2 MPR for single band operation can be applied assuming MOP would still be PC2 instead of PC1.5 when only PCell is activated.
Proposal 7: For the MPR applicability study for FR1 intra-band contiguous UL CA, the terminology “activation/deactivation” should be interpreted as the existing MAC CE based serving cell activation/deactivation mechanism.   
Proposal 8: Since the WID objective is to specify MPR applicability, the power class should remain the same as the CA power class when activated cell number is changed.
· For example, if a UE indicates PC1.5 for band n78 and PC2 for n78C, the intention is to study whether PC2 MPR for single band operation can be applied assuming power class would still be PC2 instead of PC1.5 when only PCell is activated.
 
FR1 intra-band non-contiguous UL CA
As defined in TS 38.101-1 clause 6.2A.2.2, single band MPR requirements are explicitly referenced here.
	For UE indicating dualPA-Architecture supported
If OR (LCRB1 = 0, LCRB2 = 0)

MPR defined in Table 6.2.2-1 and Table 6.2.2-2 for PC3 and PC2 UE respectively

Else If AND( FIM3,low_block,low > SEM-13,low ,  FIM3,high_block,high < SEM-13,high )

		MPR defined in Clause 6.2A.2.2.2.1 and Clause 6.2A.2.2.2.2 for PC3 and PC2 UE respectively.

Else
		MPR defined in Clause 6.2A.2.2.1.1 and Clause 6.2A.2.2.1.2 for PC3 and PC2 UE respectively.

	For UE without indicating dualPA-Architecture supported

If OR( LCRB1 = 0, LCRB2 = 0 )

For PC3 UE, MPR defined in Table 6.2.2-1, except for B < 9 MHz where 5.5 dB MPR is used;
For PC2 UE without indicating TxD, MPR defined in Table 6.2.2-2 is used, except for B < 11.52 MHz where 6.5 dB MPR is used;
For PC2 UE indicating TxD, MPR defined in Table 6.2D.2-1 is used, except for B < 11.52 MHz where the maximum value between 6.5 dB and MPR defined in Table 6.2D.2-1 is used.
Else If AND( FIM3,low_block,low > SEM-13,low ,  FIM3,high_block,high < SEM-13,high )

		MPR defined in Clause 6.2A.2.2.2.3 and Clause 6.2A.2.2.2.4 for PC3 and PC2 UE respectively.

Else
		MPR defined in Clause 6.2A.2.2.1.3 and Clause 6.2A.2.2.1.4 for PC3 and PC2 UE respectively.


From those highlighted parts, it can be observed that the single band MPR would apply when there is no scheduling after configuration and activation on any one of the two component carriers (except for those “corner cases” with smaller RB allocation where larger MPR would be utilized). 
Observation 7: For FR1 intra-band non-contiguous UL CA, the single carrier MPR would be applied when only one component carrier is scheduled after configuration and activation (except for smaller RB allocation on that component carrier where larger MPR needs to be utilised instead).
Since the other “drastic” MPR requirements for non-contiguous intra-band UL CA were derived based on SEM, which is regulatory dominated, thus we think non-contiguous case doesn’t need to be considered for Rel-19 MPR reduction.
Proposal 9: In Rel-19, the applicable MPR for FR1 intra-band non-contiguous UL CA doesn’t need further enhancement.

FR2 intra-band CA
For FR2, we would like to check if PC3 can be the interested candidate from work load perspective.
Proposal 10: For FR2, check if only PC3 UE will be considered for Rel-19 study.
By reviewing the early discussion on FR2 MPR for intra-band UL CA operation, we understand that common Rx/Tx LO was picked as one valid architecture assumption mainly considering following aspects:
1. Comparing to independent Rx/Tx LO, common Rx/Tx LO would be enough for TDD band operation;
2. Independent Rx/Tx LO would lead to higher implementation costs, including heat dissipation, power consumption.
Consequently, existing CA MPR requirements, at least for DL CA with single UL CC, were derived based on maximum aggregated channel bandwidth between UL and DL.
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Regardless MPR applicability and/or potential reduction will be considered for future study in Rel-19, we still think common Rx/Tx LO should not be precluded.     
Proposal 11: For FR2 intra-band UL contiguous CA and intra-band DL contiguous CA with single UL
· MPR applicability and/or potential reduction can be considered
· Both simulation and measurement should be considered  
· Common Rx/Tx LO architecture should not be precluded as architecture assumption  

Conclusion
In this contribution we discussed on the Rel-19 power boosting and/or MPR reduction. According to the analysis, we have the following observations and proposals: 
Observation 1: Real world UL traffic proves the necessity of power domain enhancement for large RB number allocation.
Observation 2: ACLR is derived from co-existence study to ensure that the transmitter does not cause excessive interference to the adjacent channels between different operators.
Observation 3: SEM has connection with ACLR but with different emphasis:
· ACLR considers the average power leaked into adjacent channels by using the channel bandwidth as the measurement bandwidth. It reflects the transmitter’s “noise floor” in adjacent channel, while SEM captures out-of-specification points within narrower measurement bandwidths in adjacent channel, emphasizing “unwanted emissions based on the noise floor.”
Observation 4: Spurious are related to regulations and represents “noise floor” far from the edge of the channel bandwidth.
Observation 5: The interference measured by the ACLR has different absolute values corresponding to different power classes and the absolute value of ACLR would be a reasonable metric for ACLR relaxation.
Observation 6: UE CBW could be different from the NW CBW, and the RF requirements are specified based on UE CBW.
Observation 7: For FR1 intra-band non-contiguous UL CA, the single carrier MPR would be applied when only one component carrier is scheduled after configuration and activation (except for smaller RB allocation on that component carrier where larger MPR needs to be utilised instead).
Proposal 1: UE in a channel without any adjacent channels of different operators can be allowed not to meet the existing ACLR requirement, and further consider 
· whether SEM can be relaxed
· RSD for FDD band
Proposal 2: For the scenario: UE CBW=BS CBW, several UE indicted by BS in a channel with adjacent channels may be allowed to meet relaxed ACLR requirement, which the feasibility need to be further evaluated:
· Two deployments including the same site or different sites.
· Whether SEM can be relaxed
Proposal 3: For the scenario: UE CBW<BS CBW and the frequency offset between the edge of UE CBW and the edge of BS CBW is wider than or equal to UE CBW, UE in a channel with adjacent channels of different operators can be allowed not to meet the existing ACLR requirement, and further consider 
· whether SEM can be relaxed
· RSD for FDD band
Proposal 4: For the scenario: UE CBW<BS CBW and the frequency offset between the edge of UE CBW and the edge of BS CBW is narrower than UE CBW, UE in a channel with adjacent channels of different operators may be allowed to meet relaxed ACLR requirement, which the feasibility need to be further evaluated.
· Two deployments including the same site or different sites
· Whether SEM can be relaxed
Proposal 5: For the scenario: UE CBW<BS CBW, UE in a channel with adjacent channels of different operators may be allowed to meet relaxed ACLR requirement, which the feasibility need to be further evaluated.
· Two deployments including the same site or different sites.
· Whether SEM can be relaxed.
Proposal 6: BWP-based ACLR/SEM/Spurious emission requirements should be excluded from WID.
Proposal 7: For the MPR applicability study for FR1 intra-band contiguous UL CA, the terminology “activation/deactivation” should be interpreted as the existing MAC CE based serving cell activation/deactivation mechanism.   
Proposal 8: Since the WID objective is to specify MPR applicability, the power class should remain the same as the CA power class when activated cell number is changed.
· For example, if a UE indicates PC1.5 for band n78 and PC2 for n78C, the intention is to study whether PC2 MPR for single band operation can be applied assuming power class would still be PC2 instead of PC1.5 when only PCell is activated.
Proposal 9: In Rel-19, the applicable MPR for FR1 intra-band non-contiguous UL CA doesn’t need further enhancement.
Proposal 10: For FR2, check if only PC3 UE will be considered for Rel-19 study.
Proposal 11: For FR2 intra-band UL contiguous CA and intra-band DL contiguous CA with single UL
· MPR applicability and/or potential reduction can be considered
· Both simulation and measurement should be considered  
· Common Rx/Tx LO architecture should not be precluded as architecture assumption  
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‘When the maximum output power of a UE is modified by MPR, the power limits specified in clause 6.2A.4 applyThe
requirements in the following clauses are applicable to the following CA configurations:

- intra-band contiguous uplink CA, with the aggregated channel bandwidth no greater than 800 MHz.

- intra-band non-contiguous uplink CA with UL frequency separation no greater than 1400 MHz, and no more than
3 sub-blocks. A sub-block may consist of single CC or multiple contiguous CCs.

- inter-band uplink CA with two NR bands, and each UL band is configured with a single CC.
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