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1	Introduction
[bookmark: _Hlk104372907]This contribution relates to a work item agreed in RAN#94-e, namely “Further NR coverage enhancements” [1]. We consider power domain enhancements and the following objectives captured in the WID:

· Study and if necessary specify following power domain enhancements
· […]
· Enhancements to reduce MPR/PAR, including frequency domain spectrum shaping with and without spectrum extension for DFT-S-OFDM and tone reservation (RAN4, RAN1)

In this paper we discuss the potential impacts in RAN4 RF specs. We focus on non-transparent schemes, especially FDSS with spectrum extension. 

2	Discussion, transparent schemes
The following agreements were made in RAN4 #104bis-e [3].

Agreement: 
· Frequency domain spectrum shaping without spectrum extension for DFT-S-OFDM is the transparent scheme thus far according to the WID
· Other techniques can be discussed depending on RAN Plenary decision

Agreement: 
· Non-transparent schemes should be considered, and transparent schemes can be used as baseline to evaluate the gain of Non-transparent schemes, where 
· Transparent scheme in Rel-18 CE means that it doesn’t impact on RAN1 specifications so that network has no knowledge on how UEs reduce MPR by spectrum shaping, but network needs to be aware if UE is using this scheme or not, i.e., it’s configured with the UE by network while UE is allowed to use preferred shaping as far as corresponding requirements are met if the feature is configured with the UE.
· […]

Agreement: 
· pi/2 BSPK w SE and QPSK w or w/o SE can be further discussed
· If higher modulation(s) than QPSK is discussed or not is FFS


It can be noted that the only transparent scheme according to current agreements is: DFT-s-OFDM + FDSS w/o SE configured to operate according to QPSK modulation. This is also inline with discussion in RAN1 #110bis-e [4].

Based on the above agreements, we believe that RAN4 RF impacts of Transparent scheme in Rel-18 CE (i.e. FDSS w/o spectrum extension) would be quite similar to those defined for pi/2 BPSK in Rel-15/16. The key issue would be to define spectrum flatness requirements as well as the updated MPR table(s). However, based on our results in [2], [5], we don’t see sufficient (net) gain from transparent schemes (compared to Rel-17 solution with DFT-s-OFDM). Based on that, we make the following proposal. 

Proposal 1:  Deprioritize the discussion related to RF specification impacts for Transparent scheme in Rel-18 CE 

3	Discussion, non-transparent schemes

3.1 Spectrum flatness requirements for FDSS with spectrum extension 

Current NR supports FDSS without spectral extension for pi/2 BPSK. The exact FDSS function is not defined in the standard, but the performance requirements are specified to define the boundary conditions to the implementation. Thus, the standard allows for vendors to do their own implementation and performance optimizations, and the system performance is tried to be guaranteed by means of minimum requirements related to spectral flatness, in-band/out-of-band emission, and EVM.
In the current specs, EVM equalizer flatness is used for setting the UE Tx spectral flatness requirements for pi/2-BPSK with spectral shaping. The peak-to-peak variation of the EVM equalizer coefficients contained within the frequency range of the uplink allocation is not allowed to exceed the limits defined in the specifications. The spectral flatness requirement when spectral shaping is used for pi/2-BPSK (without spectral extension) is defined for two frequency ranges that divide the allocation in two equal-size parts. This is illustrated with related parameters X1 and X2 in Figure 1.


Figure 1. The limits for EVM equalizer spectral flatness requirements with the maximum allowed variation (TS 38.101-1)

When considering the Rel-18 scenario, we think spectral flatness requirements defined for pi/2 BPSK (in Rel-17) need to be updated to cover also the QPSK scenario with shaping and extension. We propose that current ranges defined for pi/2 BPSK are applied as such for the total allocation (Inband + Excess band). This is illustrated in Figure 2. It’s also noted that this is also inline with the evaluation defined for MPR/PAR reduction (in both RAN1 and RAN2). 

Proposal 2:  Update spectral flatness requirements in TS 38.101-x to cover FDSS with spectrum extension with QPSK modulation. Two ranges defined for pi/2 BPSK are applied for the total allocation (Inband + Excess band).

Generally speaking, there seem to be two approaches for defining the excess band usage for UE:
· Option 1: UE must use the excess band, if provided by gNB
· Option 2: The usage of excess band is left for UE implementation. In this approach, if UE can meet the minimum Tx power requirement also without excess band, it can do so.

How to interpret the spectrum flatness requirements depend on the selected option. 
· Option 1:  UE must follow the spectrum flatness requirements defined for the whole allocation (inband + excess band) according to Figure 2. 
· Option 2: If excess band is not used, it needs to fulfil the spectrum flatness requirements only for inband portion. 

Proposal 3: Consider the following options for excess band usage:
· Option 1: UE must use the excess band, if provided by gNB
· Option 2: The usage of excess band is left for UE implementation. In this approach, if UE can meet the minimum Tx power requirement also without excess band, it can do so.
[image: ] 
Figure 2. Positive side of the frequency-domain allocation with different spectrum extensions highlighted. 


One of the key objectives for the MPR/PAR to identify shaping filter characteristics to maximize the net gain, i.e. providing good Tx performance while ensuring good and robust BS receiver performance. As agreed in RAN4 #104bis-e “Actual conclusion of the MPR/PAR reduction methods should be based on net coverage gain results combining transmitter and receiver performance.” Based on the current net gain results [5] we draw the following observation: 
· Small RB allocations and high coding rates favour less aggressive filters
· Large RB allocations and small coding rates favour more aggressive filters
 
Based on that, and in order to maximize the net gain in different scenarios, we think that it makes sense to consider two set of spectrum flatness requirements, current and tighter.  
 
Proposal 4:  Consider two set of spectrum flatness requirements: 
· Current requirements defined for pi/2 BPSK (allowing also more aggressive filters)
· Tighter requirements (allowing only less aggressive filters).


3.2 In-band emission and EVM requirements for non-transparent schemes

The following agreements were made in RAN4 #105 [6].

Agreement: 
· Consider excess band as a part of the allocated UL transmission bandwidth
· FFS on EVM and power per RB for IBE
· FFS on whether it applied to FR1, FR2 or both

TS 38.101-1 defines in-band emissions in the following way: “The in-band emission is defined as the average emission across 12 sub-carriers and as a function of the RB offset from the edge of the allocated UL transmission bandwidth. The in-band emission is measured as the ratio of the UE output power in a non–allocated RB to the UE output power in an allocated RB.”
We think that this is a valid definition also for the case of FDSS with spectrum extension. The only change needed in the specs is to add a note that from IBE point of view, excess band is considered as a part of the allocated UL transmission bandwidth. We think that this can be applied to both FR1 and FR2.

Proposal 5:  IBE is defined as the average emission across 12 sub-carriers and as a function of the RB offset from the edge of the allocated UL transmission bandwidth. This principle applies to both FR1 and FR2.


Based on the agreement made in RAN4 #105, EVM definition is FFS. We see two approaches for EVM:
· EVM is determined according to inband only
· EVM is determined according to the allocated UL transmission bandwidth.
In order to see the differences between two approaches, we carried out few simulations according to the agreed RAN4 simulation assumptions. The simulation results are shown in Figure 3. The baseline scheme is where EVM is determined according to inband only. It’s compared with another approach (“new EVM”) determined according to total allocation (inband + excess band). The results show that OBO performance between two approaches is very minor. 
We think that it makes sense to determine EVM according to inband only. Excess band is only redundant data, and depending on the RAN4 outcome the usage of excess band may be up-to implementation (see e.g. Proposal 3). Furthermore, based on results, the two definitions provide almost the same OBO performance. 

Proposal 6:  Determine EVM according to inband only. 
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Figure 2.  OBO performance with two EVM definitions. 


3.3 MPR requirements for non-transparent schemes

We think that power domain enhancement, and especially “Enhancements to reduce MPR/PAR …” should aim at coverage improvements (as a matter of the fact, this is captured already in the MPR/PAR objective). In order to ensure that power enhancement is available for improved coverage, the MPR requirements need to be updated.
The following agreements were made in RAN4 #104bis-e [3]:
Agreement: 
· UE Power Class 3 and scenario with a single transmitter & single component carrier is considered
· SU-MIMO and/or inter band UL CA are not considered.
· Whether intra band UL CA is considered or not is FFS
· The above three bullets are applicable to both FR1 and FR2

Agreement: 
· RAN4 prioritizes FR1
· Note: The outcome of FR1 shall not be automatically inherited to that of FR2
· For FR2, only for evaluation assumptions can be discussed until at least RAN4#106 and RAN4#106 discusses if FR2 simulation campaign can start or not.

Based on the agreements, at least Table 6.2.2-1 (Maximum power reduction (MPR) for power class 3) in TS 38.101-1 needs to be updated. The attention should be on a single row of the table, namely QPSK with DFT-s-OFDM. 
In order to minimize the specification complexity, it makes sense to consider definition of the current RB regions (Edge/Outer/Inner) as the starting point. Transmitter performance results (shown in [5], Section 3.1) should be used as the basis for the new MPR values.

Proposal 7:  Update MPR tables (at least) Table 6.2.2-1 in TS 38.101-1. 
· In order to minimize the specification complexity, it makes sense to consider definition of the current RB regions (Edge/Outer/Inner) as the starting point.


3.4 SAR -related duty cycle restriction for non-transparent schemes

As shown in [5], FDSS with spectrum extension provide considerable reductions in MPR (compared to the case without extension and shaping). In many cases the MPR can be negative, which means that UE supports higher Tx power compared to UE’s nominal power class. This means that we need to consider SAR -related duty cycle restrictions (not only with pi/2 BPSK but) also in QPSK FDSS-SE scenario.
It should be noted that as part of 5Gi (TSDSI) harmonization, support for powerBoosting-pi2BPSK and the related duty cycle mechanism is mandatory for all PC3 UEs supporting bands n40, n41, n77, n78 and n79. We think that in Rel-18, this framework should be extended to cover also QPSK and FDSS with spectrum extension, and all TDD scenarios.
Proposal 8:  Extend the power boost solution defined for pi/2 BPSK also for QPSK FDSS-SE scenario. 

 
3.5 ACLR requirements for non-transparent schemes

ACLR requirements needs to be considered when operating according to power boost. For example, when considering FR1 scenario, NR ACLR requirement is the following
· PC2 (26 dBm) = 31 dB
· PC3 (23 dBm) = 30 dB.

The related questions is: when power boost is applied for PC3, which ACLR requirement to follow? There seems to be two approaches:
· Follow ACLR requirement defined for PC2
· Follow ACLR requirement defined for PC3
Due to simplicity, we propose to always follow ACLR requirement defined for the corresponding power class. This would be also in line with principle applied for pi/2 BPSK with power boost.

Proposal 9:  Define ACLR requirement according to power class also with power boost.


[bookmark: OLE_LINK53][bookmark: OLE_LINK54]4.	Conclusion
In this paper we discussed potential impacts of FDSS with spectrum extension in RAN4 RF specs. It covers the following proposals:  

Proposal 1:  Deprioritize the discussion related to RF specification impacts for Transparent scheme in Rel-18 CE 

Proposal 2:  Update spectral flatness requirements in TS 38.101-x to cover FDSS with spectrum extension with QPSK modulation. Two ranges defined for pi/2 BPSK are applied for the total allocation (Inband + Excess band)

Proposal 3: Consider the following options for excess band usage:
· Option 1: UE must use the excess band, if provided by gNB
· Option 2: The usage of excess band is left for UE implementation. In this approach, if UE can meet the minimum Tx power requirement also without excess band, it can do so.

Proposal 4:  Consider two set of spectrum flatness requirements: 
· Current requirements defined for pi/2 BPSK (allowing also more aggressive filters)
· Tighter requirements (allowing only less aggressive filters)

Proposal 5:  IBE is defined as the average emission across 12 sub-carriers and as a function of the RB offset from the edge of the allocated UL transmission bandwidth. This principle applies to both FR1 and FR2.

Proposal 6:  Determine EVM according to inband only. 

Proposal 7:  Update MPR tables (at least Table 6.2.2-1) in TS 38.101-1. 
· In order to minimize the specification complexity, it makes sense to consider definition of the current RB regions (Edge/Outer/Inner) as the starting point.

Proposal 8:  Extend the power boost solution defined for pi/2 BPSK also for QPSK FDSS-SE scenario. 

Proposal 9:  Define ACLR requirement according to power class also with power boost.
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