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1 Background
For power domain enhancements like boosting or MPR reduction for single carrier for PC2 and power class 3 (PC3), it is noted in the justification of the WID [1] that:
“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.”
This is captured in the first part of the overall objective along with MPR reductions for a narrower channel within a wider BS bandwidth:
· 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

In this contribution we consider the scenarios addressed in the WF [2]:
1.1 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

and also the way forward on possible relaxations of the SEM, ACLR and the SE. 
A background to the requirements for UTRA and E-UTRA can be found in [3], an early version of the vintage TR 36.803 for the 36-series specification.

2 Relaxation from co-existence and regulation perspective

The WF [2] lists the following item
1.2. 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. 
Spurious emissions 

The general spurious emissions requirements that apply with NS_01 indicated were chosen to allow for global circulation of NR terminals, the same for E-UTRA as described in [3]:
“In the same way as was described for UTRA, general spurious emission requirements based on ITU-R SM.329 [Rec. ITU-R SM.329-10] will be needed. Spurious emission limits as defined in ‎[Rec. ITU-R SM.329-10] 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.”
Observation 1: for the UE, the stricter Category B spurious emission limit of -30 dBm/MHz was selected for UTRA and E-UTRA (presumably also NR) to allow for global circulation of terminals.
Spectrum emission mask
The general spectrum mask for E-UTRA (and NR) was also specified to allow for global circulation of terminals and was based in the following main principles (amongst others…)  
· “In the proposed spectrum mask no attempt is made to tailor the shape of the spectrum mask to the transmitter emission for two reasons. A shaped mask would have difficulty in support the different channel bandwidth and RB locations. The “shaped aspect” would be addressed by the ALCR requirement. In this case we avoid the need to integrate the area under the mask to derive the ACLR as this is specified separately”

· “For those cases where the regulatory requirements are not met with the general mask (OOB and spurious emission) this is addressed in terms of new requirement and will need an “Additional spectrum emission requirement” which is not the case for the proposed general mask.”
The Category A limit of -13 dBm/MHz was chosen as the baseline for the specification of the general SEM. 
ACLR
For E-UTRA ACLR the following principle was used [3]

“If there is to be both an ACLR-type requirement with carrier-wide reference bandwidth and a mask (SEM) with much narrower reference bandwidth, the ACLR limit should be somewhat stricter than the integrated SEM. In this way, the ACLR can capture the “average” behaviour over a carrier, while the SEM can take into account the variations in the spectrum emissions resulting from variations in Resource block allocations.”
Observation 2: the general SEM was also specified to allow for global circulation of terminals. ACLR is stricter than the integrated SEM, ACLR used for coexistence studies with requirements specified to ensure robust network performance within and between coexisting networks.
3 Scenario with no adjacent in-band/out-of-band co-existence issue
It is difficult to distinguish between 

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)

and the “no adjacent […] coexistence issue” needs further clarification.  
The existing ACLR requirements have been specified with the aim of ensuring robust network performance within and between coexisting networks, the SEM mainly for compliance with regulatory unwanted emissions requirements as discussed above. Allowing relaxed ACLR and SEM by (NS) network signaling is questionable as there is no guarantee that this indication is not used between an aggressor and victim operator at the operator block edge of the aggressor. 

Observation 3: increasing UE output power by allowing relaxed ACLR by e.g. (NS) network signaling is awkward for there is no guarantee that the NS indication would not used between an aggressor and victim operator at the operator block edge of the aggressor; it is not straightforward to distinguish between the coexistence issues for the single operator and adjacent operator cases.
4 Narrower UE channel BW within wider BS bandwidth
For the case of a ‘narrower UE channel BW within a wider BS bandwidth’, relaxing the ACLR requirements outside the UE-specific channel bandwidth for the non-CA case may be possible for emissions within the carrier, i.e. within the resource grid and cell bandwidth as shown in Figure 1. 
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Figure 1: a narrower UE-specific CHBW within a wider BS CHBW.

The feature appears more feasible for RedCap UEs that must be configured with a smaller CHBW in case the BS CHBW is wider than 20 MHz. If RedCap UEs are supported in a cell, then the smaller bandwidth and active BWP should be located at the edge to avoid some of the drawbacks of BWPs located in the middle of the carrier, see e.g. [4]. 

A RedCap UE in Figure 1 would then have to support the SEM and ACLR according to a wider CHBW (that is not ot supported by the RedCap UE) with a transmission bandwidth configuration less than or equal to the carrier bandwidth advertised in SIB1. This SEM and ACLR for this wider CHBW are as determined by the dotted blue arrows (the SEM) in Figure 1 and with a measurement bandwidth of the ACLR (MBW1) located outside the wider NR RF carrier at a PRB offset from the edge of the narrower CHBW as shown in Figure 1. This offset also implies a relaxed ACLR at the upper edge of the RedCap UE, the in-band emission requirement would apply instead.
The in-band emissions within the carrier resource grid can be met without any power back-off. This means that some of the allocations at the upper edge of the UE-specific CHBW become inner allocations rather than outer or edge RB allocations depending on the ratio of the UE-specific and BS channel bandwidths. The resulting MPR for these allocations would be 1-1.5 dB lower and the UL is improved. However, the range of the outer allocations at the lower edge of the narrower bandwidth would be wider should this range be determined by the wider BS CHBW. 
Regarding evaluation of relaxed requirements in the WF [2] for Scenario 2,
1.4 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.
it only appears feasible to relax requirements within the wider channel bandwidth. 
Proposal 1: the feature ‘narrower UE channel BW within wider BS bandwidth’ is specified for RedCap UEs in bands with a maximum channel bandwidth greater than 20 MHz and is based on the requirements for the largest channel bandwidth (MHz) with a transmission bandwidth configuration less than or equal to the carrier bandwidth advertised in SIB1. 
The UE would not be aware of the operator block size without further changes of common signalling. This should be avoided.

Proposal 2: no changes of signalling are specified for the feature ‘narrower UE channel BW within wider BS bandwidth’ except possibly specification of a capability bit to indicate support of the feature.
5 Proposal
Regarding relaxation from co-existence and regulation perspective, we observe the following for Scenarios 1-1 and 1-2:
Observation 1: for the UE, the stricter Category B spurious emission limit of -30 dBm/MHz was selected for UTRA and E-UTRA (presumably also NR) to allow for global circulation of terminals.
Observation 2: the general SEM was also specified to allow for global circulation of terminals. ACLR is stricter than the integrated SEM, ACLR used for coexistence studies with requirements specified to ensure robust network performance within and between coexisting networks.
Observation 3: increasing UE output power by allowing relaxed ACLR by e.g. (NS) network signaling is awkward for there is no guarantee that the NS indication would not used between an aggressor and victim operator at the operator block edge of the aggressor; it is not straightforward to distinguish between the coexistence issues for the single operator and adjacent operator cases.

For Scenario 2 we propose that
Proposal 1: the feature ‘narrower UE channel BW within wider BS bandwidth’ is specified for RedCap UEs in bands with a maximum channel bandwidth greater than 20 MHz and is based on the requirements for the largest channel bandwidth (MHz) with a transmission bandwidth configuration less than or equal to the carrier bandwidth advertised in SIB1. 

The UE would not be aware of the operator block size without further changes of common signalling. 

Proposal 2: no changes of signalling are specified for the feature ‘narrower UE channel BW within wider BS bandwidth’ except possibly specification of a capability bit to indicate support of the feature.
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