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Introduction
During RAN4#110bis, power domain enhancement for single carrier has been discussed. Following conclusions can be found in [1].  
	Power domain enhancements for single carrier
Scenarios for power domain enhancements 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

Relaxed requirements from co-existence/regulation perspective
Way forward: 
· For regions where at least ACLR and SEM can be relaxed for the identified scenarios, FFS whether SE could be relaxed, or under which conditions can be relaxed. 

General considerations for power domain enhancements
Way forward:
· Only requirements relaxation should be considered for power domain enhancements in Rel-19
· only consider general requirements for the further evaluation
· No power domain enhancements based on BWP is considered

Evaluation of relaxed requirements
Way forward:
· [No relaxation of ACLR/SEM/SE outside of the BS CBW for one operator holding spectrum for scenario 2, i.e. Narrower UE channel BW within wider BS bandwidth]
· FFS whether outer, edge or inner RB allocation is prioritized for further evaluation
· FFS impact on MPR by relaxing ACLR w/ or w/o relaxing SEM/Spurious Emissions
· FFS whether IBE is considered instead of the relaxed ACLR/SEM/SE for the region between UE CBW and BS CBW.


In this contribution, we would like to share our views regarding this topic.
Discussion
In Rel-18, transparent schemes have been extensively studied and the outcomes are power boosting on top of advertised power class can be delivered only for inner RB region subject to BPSK/QPSK modulation order and DFT-s-OFDM waveform. 
Observation 1: For what have been extensively studied for transparent schemes in Rel-18, power boosting on top of advertised power class can be delivered only for inner RB region subject to BPSK/QPSK modulation order and DFT-s-OFDM waveform, but cannot be achieved for other cases.   
Different from Rel-18, requirement relaxation has been proposed as another approach in order to reduce single CC MPR for the cases which cannot be covered by Rel-18. During last meeting discussion, companies show their concern on how to handle adjacent operators’ interference suppression demands which can be guaranteed by legacy OOB requirements. As a result, RAN4 prioritised the aforementioned Scenario 1-1 and 2 along with the common understanding on no relaxation of ACLR/SEM/SE outside of the BS CBW for one operator holding spectrum for Scenario 2. In view of this, we provide our further analysis in the rest of this contribution.
Firstly, it would be beneficial to identify target RB region for MPR reduction. Following figures come from our preliminary measurement results for PC2.   
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Figure 1. Measurement results to identify the bottleneck for better MPR performance respective to different RB regions for CP OFDM QPSK
As shown in Figure 1, ACLR/SEM requirements play dominated factors for outer/edge RB region MPR determination, while it is IBE requirement for inner region instead. We believe similar results from gating factor perspective can be expected for DFT-s-OFDM waveform. 
Observation 2: For QPSK, the ACLR/SEM requirements are the bottleneck for better MPR performance in outer/edge RB region, while the bottleneck for inner RB region is IBE requirement instead.    
Proposal 1: Only consider outer/edge region for ACLR/SEM relaxation based MPR reduction in Rel-19. 
Besides, as captured in TR 36.803, a stricter Category B requirements were selected as spurious emissions limits for the UE, to allow for global circulation of terminals.
	UTRA background 
The core requirements for spurious emissions are specified for the UE in TS 25.101 ‎[7] and TS25.102[21]. The corresponding test requirements are in TS 34.121 and TS 34.122.
References for the spurious emissions requirements are summarised in Table 6.6.3-1 for the UE. The tables give references to RAN4 core specs, to where the term is defined and to some relevant regulatory references. These regulatory references have either defined the limit value in 3GPP or they have used it as a basis for studies or recommendations.
[bookmark: _Ref133817018][bookmark: OLE_LINK9][bookmark: OLE_LINK10]Table 6.6.3-1 Summary of regulatory references for UE spurious emissions limits
	Spurious emissions requirement
	RAN4
TS 25.101 ‎[7]
	Definition 
	Some relevant regulatory references

	General
	6.6.3.1 Table 6.12
	ITU-R
SM.329 ‎[10]
	ITU-R M.1581 (Annex 1.4) ‎[8]: Band I limits included.
ITU-R SM.329 ‎[10]: 	1.4 Necessary bandwidth
	4.1 Reference bandwidths
	4.3 Category B limits
ITU-R M.2039 ‎[16]: Limits included by reference. 
ETSI EN 301 908-2 ‎[17]: Limits included.

	Co-existence with other bands
	6.6.3.1 Table 6.13
	Developed and defined in 3GPP ‎[7]
	ITU-R. M.1581 (Annex 1.4) ‎[8]: Band I limits included. 
ITU-R M.2039 ‎[16]: Limits included by reference.
ETSI EN 301 908-2 ‎[17]: Limits to protect GSM900 and GSM1800 are included. 



The general spurious emissions requirements and the corresponding reference bandwidths are taken from ITU-R recommendation SM.329 ‎[10] for both the UE and the BS. The stricter Category B requirements were selected for the UE, to allow for global circulation of terminals.
The requirements are only applicable for frequencies, which are separated more than 250% of the necessary bandwidth from the carrier, as recommended in ITU-R SM.329 ‎[10].
The spurious emissions requirements are included in ITU-R recommendations M.1581 ‎[8] on IMT-2000 unwanted emissions. They are also included in ETSI harmonised standards ‎[17] and referenced from ITU-R report M.2039 ‎[16] that defines parameters to be used in co-existence studies for all IMT-2000 systems.
The RAN4 specifications define specific UE spurious emission limits for co-existence with a number of systems, including UTRA and GSM in the same and different bands, PHS, TDD and other services in adjacent bands. These are defined in terms of additional spurious emission requirements. Some of the co-existence requirements are referenced or included by external bodies such as ITU-R ‎[8] ‎[16] and ETSI ‎[17] as shown in Table 6.6.3-1 
E-UTRA background 
In the same way as was described for UTRA, general spurious emission requirements based on ITU-R SM.329 [10] will be needed. Spurious emission limits as defined in ‎[10] are divided into several Categories, where Category A and B are taken into 3GPP requirements. Since UEs are intended for global circulation, there cannot be any regional requirement and the stricter Category B limits will apply. 
The requirements will apply for frequencies that are separated from the carrier frequency Fc by more than 250% of the necessary bandwidth of E-UTRA. Frequencies that are closer to Fc than 250% of the necessary bandwidth are part of the Out-of-band domain, where the out-of-band limits apply as described in Clause 6.6.2. The necessary bandwidth is taken to be equal to the RF bandwidth of the E-UTRA carrier. This approach is however FFS


For the time being, we prefer to retain the SE requirements unless RAN4 thinks it is worthy to consider any sacrifice on the aforementioned global circulation.    
Proposal 2: Do not consider relaxation on spurious emission requirement in Rel-19.
Secondly, resolution respective to following scenarios can be discussed separately.
Scenario A: No adjacent in-band/out-of-band co-existence issue (single operator)
For this scenario, as mentioned in [2], one example is the NR band n34/n41 in China which is allocated to CMCC only. There may not be any concern about adjacent channel emission because in addition to existing implementation aiming for interference mitigation including BS filter design, guard band and spatial isolation, coordination based on measurement for single operator is always feasible. Another example is the band n28 deployment in China which is co-construction and sharing by CMCC and CBN. Identical situation happens for band n78 deployment in China, which is China Unicom and China Telecom to pool their resources for construction and sharing. Similarly, coordination can be expected at least for in-band.  
Observation 3: With existing implementation aiming for interference mitigation including BS filter design, guard band, spatial isolation and coordination based on measurements, there could be no concern on adjacent in-band/out-of-band co-existence. Examples are:
· NR band n28 in China is co-construction and sharing by CMCC and CBN
· NR band n78 in China is co-construction and sharing by China Unicom and China Telecom
· NR band n34 and n41 in China are exclusively allocated to CMCC
Consequently, ACLR/SEM relaxation can be considered for the following sub-cases:
· Scenario A-1: UE channel bandwidth equals to BS channel bandwidth
· Scenario A-2: UE channel bandwidth smaller than BS channel bandwidth
Note that BS channel bandwidth mentioned here and also in the rest of this paper actually means BS RF bandwidth that includes not only single carrier but also multiple carriers or RATs.
Proposal 3: Clarify the BS channel bandwidth means BS RF bandwidth that covers single carrier, multi-carriers and multi-RATs scenarios.
For scenario A-1, it would be straight forward to consider relaxation on both ACLR and SEM. Initial measurement results on PC2 with QPSK CP-OFDM waveform are provided as below.  
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Figure 2. Measurement results to show MPR reduction gain when both ACLR and SEM are waived
Observation 4: For the case that UE channel bandwidth equals to BS channel bandwidth, preliminary measurement results show that PC2 QPSK with DFT-s-OFDM waveform, about 1 dB MPR reduction gain can be expected for outer region when both ACLR and SEM requirements are waived.  
Proposal 4: Conclude that it is feasible to relax ACLR and/or SEM requirements for no adjacent in-band/out-of-band co-existence issue scenario when UE channel bandwidth equals to BS channel bandwidth.
· Further study on how exactly ACLR and/or SEM requirements can be relaxed. 

For scenario A-2, it needs more discussion because how to relax requirements in the gap between UE channel bandwidth and the edge of BS channel bandwidth could lead to different MPR gain. For instance, less relaxation could reduce the potential gain but if excessive relaxation is applied the equivalent noise of the RB resources in the gap will increase for sure, which could jeopardize UL reception considering other UEs.       
Proposal 5: Conclude that it is feasible to relax ACLR and/or SEM requirements for no adjacent in-band/out-of-band co-existence issue scenario when UE channel bandwidth is smaller than BS channel bandwidth.
· Further study on how exactly ACLR and/or SEM requirements can be relaxed comparing to IBE requirement within the gap between UE channel bandwidth and the edge of BS channel bandwidth.   

Scenario B: Narrower UE channel BW within wider BS bandwidth (with adjacent operators)
For this scenario, it is still worth further study but obviously more complicated since RAN4 has agreed on that OOB requirements outside BS channel bandwidth cannot be relaxed. 
With that in mind, one possible way to consider relaxation is to find a way that could equivalently transform the outer/edge region to inner region to get smaller MPR in return. Following figures are provided to visualize such abstract principle.  
[image: ]
Figure 3. Illustration on how to equivalently transform the outer/edge region to inner region to get smaller MPR in return
As depicted in the above figure, the Y MHz, which can serve as guard band in the extension of UE channel bandwidth on both sides, should be determined so that X MHz can be equivalently viewed as “inner RB allocation” relative to (X+2Y) MHz. The legacy OOB requirements are still applied but with Y MHz shifted starting point of ΔfOOB, in order to guarantee the same adjacent channel emissions performance. If relaxation within the guard band can be considered, e.g. ACLR/SEM can be waived and only IBE counted, MPR reduction for the transmission on UE channel bandwidth can be feasible.    
It should be noted that for the case when the extended Y MHz guard band exceeds BS channel bandwidth edge, no relaxation should be considered in order to avoid exceeding interference to adjacent operators.   
[bookmark: _GoBack]Proposal 6: For the case with adjacent operators and narrower UE channel bandwidth within BS channel bandwidth, following mechanism can be considered for MPR reduction:
· Define new starting point of ΔfOOB which is Y MHz away from X MHz UE channel bandwidth at each side
· Y is determined so that X MHz can be equivalently viewed as “inner RB allocation” relative to (X+2Y) MHz 
· FFS whether IBE requirements can be applied within the Y MHz at each side in order to achieve reduced MPR
· Preclude the case when the extended Y MHz exceeds BS channel edge, for which legacy MPR requirements apply     
From technical perspective, all transparent schemes e.g. FDSS can be considered here since it is trying to introduce guard band in order to pursue MPR performance of inner RB region, which is studied in Rel-18, but we think no additional RAN1 and RAN4 specification impacts need to be considered.
Proposal 7: Only transparent schemes can be considered but not pursue RAN1 and RAN4 specification impacts. 
In this sense, upper bound for this kind of MPR reduction should be clarified, which is also related to co-existence between Rel-18 and Rel-19 mechanism. 
Proposal 8: For the case with adjacent operators and narrower UE channel bandwidth within BS channel bandwidth, if UE indicates support of Rel-19 MPR reduction, the reduced MPR for outer/edge RB regions cannot be smaller than the MPR requirement for inner RB region respective to each configuration of modulation order and OFDM waveform. Additionally, if UE indicates support of Rel-18 power boosting:
· Alternative 1: Power boosting can be allowed for outer/edge RB regions only with QPSK DFT-s-OFDM waveform, i.e. PC3+1dB for all bands or PC2+0.5dB for TDD bands.
· Alternative 2: Power boosting cannot be allowed for outer/edge RB regions.   
Proposal 9: With what have been specified in Rel-18 power boosting WI, do not consider further enhancement for inner RB regions in Rel-19.

Conclusion
In this contribution we discussed on the Rel-19 MPR reduction for single CC. We have the following observations and proposals: 
Observation 1: For what have been extensively studied for transparent schemes in Rel-18, power boosting on top of advertised power class can be delivered only for inner RB region subject to BPSK/QPSK modulation order and DFT-s-OFDM waveform, but cannot be achieved for other cases.
Observation 2: For QPSK, the ACLR/SEM requirements are the bottleneck for better MPR performance in outer/edge RB region, while the bottleneck for inner RB region is IBE requirement instead.
Observation 3: With existing implementation aiming for interference mitigation including BS filter design, guard band, spatial isolation and coordination based on measurements, there could be no concern on adjacent in-band/out-of-band co-existence. Examples are:
· NR band n28 in China is co-construction and sharing by CMCC and CBN
· NR band n78 in China is co-construction and sharing by China Unicom and China Telecom
· NR band n34 and n41 in China are exclusively allocated to CMCC
Observation 4: For the case that UE channel bandwidth equals to BS channel bandwidth, preliminary measurement results show that PC2 QPSK with DFT-s-OFDM waveform, about 1 dB MPR reduction gain can be expected for outer region when both ACLR and SEM requirements are waived.  

Proposal 1: Only consider outer/edge region for ACLR/SEM relaxation based MPR reduction in Rel-19. 
Proposal 2: Do not consider relaxation on spurious emission requirement in Rel-19.
Proposal 3: Clarify the BS channel bandwidth means BS RF bandwidth that covers single carrier, multi-carriers and multi-RATs scenarios.
Proposal 4: Conclude that it is feasible to relax ACLR and/or SEM requirements for no adjacent in-band/out-of-band co-existence issue scenario when UE channel bandwidth equals to BS channel bandwidth.
· Further study on how exactly ACLR and/or SEM requirements can be relaxed. 
Proposal 5: Conclude that it is feasible to relax ACLR and/or SEM requirements for no adjacent in-band/out-of-band co-existence issue scenario when UE channel bandwidth is smaller than BS channel bandwidth.
· Further study on how exactly ACLR and/or SEM requirements can be relaxed comparing to IBE requirement within the gap between UE channel bandwidth and the edge of BS channel bandwidth.   
Proposal 6: For the case with adjacent operators and narrower UE channel bandwidth within BS channel bandwidth, following mechanism can be considered for MPR reduction:
· Define new starting point of ΔfOOB which is Y MHz away from X MHz UE channel bandwidth at each side
· Y is determined so that X MHz can be equivalently viewed as “inner RB allocation” relative to (X+2Y) MHz 
· FFS whether IBE requirements can be applied within the Y MHz at each side in order to achieve reduced MPR
· Preclude the case when the extended Y MHz exceeds BS channel edge, for which legacy MPR requirements apply     
Proposal 7: Only transparent schemes can be considered but not pursue RAN1 and RAN4 specification impacts. 
Proposal 8: For the case with adjacent operators and narrower UE channel bandwidth within BS channel bandwidth, if UE indicates support of Rel-19 MPR reduction, the reduced MPR for outer/edge RB regions cannot be smaller than the MPR requirement for inner RB region respective to each configuration of modulation order and OFDM waveform. Additionally, if UE indicates support of Rel-18 power boosting:
· Alternative 1: Power boosting can be allowed for outer/edge RB regions only with QPSK DFT-s-OFDM waveform, i.e. PC3+1dB for all bands or PC2+0.5dB for TDD bands.
· Alternative 2: Power boosting cannot be allowed for outer/edge RB regions.   
Proposal 9: With what have been specified in Rel-18 power boosting WI, do not consider further enhancement for inner RB regions in Rel-19.
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