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Introduction
In RAN#96 meeting, a revised Work Item [1] was agreed to study power domain enhancement for UL coverage enhancement.
This contribution provides our further considerations on power domain enhancements for UL coverage enhancement based on the agreements achieved during RAN1#110b-e.
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Discussion
Power domain enhancement is an important component for UL coverage studies. Especially, low MPR is an essential issue in UL DFT-s-OFDM with prioritization of the provision of wide area coverage.
Frequency Domain Spectral Shaping with spectrum extension
According to FDSS with spectrum extension, the following agreements were agreed for further study. 
	Agreement
The following design aspects of frequency domain spectrum shaping with spectrum extension (FDSS-SE), are considered for studying MPR/PAR reduction enhancements in Rel-18:
· Spectrum extension size is expressed in integer units of RBs.
· Both DMRS and data symbols undergo spectrum shaping
· FFS:
· [bookmark: OLE_LINK4][bookmark: OLE_LINK5]Which extensions factor(s) to consider, where extension factor (α) is given by spectrum extension size / Total allocation size.
· Impact of shaping filter on FDSS-SE performance
· How to extend DMRS sequence to spectrum extensions, based on either the existing ZC-sequence DMRS or low-PAPR DMRS for PUSCH (FG 16-6c)
· How extension size is determined
Agreement
The following spectrum extension options for frequency domain spectrum shaping with spectrum extension (FDSS-SE), are considered for studying MPR/PAR reduction enhancements in Rel-18:
· Option 1: Symmetric extension
· Option 2: Cyclic extension
· Option 3: Cyclic shift plus symmetric extension.



Spectrum extension options
Figure 2 illustrates the main procedure of FDSS with spectrum extension using symmetric extension. Basically, FDSS with spectrum extension decreases the bandwidth efficiency, due to the frequency resources required is larger than the actual needed for DFT-s-OFDM FDSS without spectrum extension. It can copy N-DFT-precoded data (K-N)/2 samples from the beginning and appending them to the end and copy (K-N)/2 samples from the end and appending them to the beginning. K spectrum extension coefficients can be multiplied with DFT-preceded data. For cyclic extension, it seems have more changes considering all data change its position. So at least symmetric extension can be included in the study.



Figure 1: FDSS with spectrum extension
Proposal 1. At least symmetric extension can be included in the study
Extensions factor(s)
Extension factor (α) was agreed to be spectrum extension size / Total allocation size, where spectrum extension size is integer units of RBs. Considering the set of extension factors, the balance between the spectrum extension gain and frequency efficiency can be keep in mind. So any value larger than 0.4 cannot be acceptable.  Meanwhile, the typical actual number of PRB used for data is small. Then, 0.1 may be used as the minimum value, since when 10 PRBs for DFT size, the extension size is 1 RB. Thus the range of extension factors can be [0.1, 0.2, and 0.3] for study. 
Proposal 2. The range of extension factors can be [0.1, 0.2, and 0.3] for study
DMRS sequence to spectrum extensions
For guarantee low CM of DMRS, the legacy DMRS sequence can be applied for the total allocation size with the excess bandwidth included. It does not need to do spectrum extension. The DMRS sequence can be generated based on the total allocation PRB number. 
Proposal 3. The DMRS sequence can be generated based on the total allocation PRB number with the excess bandwidth.
Determination of extension size 
For FDSS without spectrum extension, DFT size is the subcarrier number allocated for UL transmission, so there is no specific signalling for DFT size. However, for FDSS with spectrum extension, DFT size is smaller than FDSS spectrum extension size, new definition or relationship among DFT size, FDSS spectrum extension size, and allocation RB size should be studied. Basically, there can be two options:
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Option 1: DFT size (N) is the same as number of allocated subcarriers in frequency domain resource allocation. FDSS spectrum extension size (F) has a larger size, with the extension factor to the DFI size, configured by higher layer signalling or indicated by DCI. 
· One issue is if extension factor applied, the total allocated resource size how to get the integer PRB numbers, it may lead to data mapping to resource blocks change. 
· Option 2: FDSS spectrum extension size is the same as number of allocated subcarriers in frequency domain resource allocation. DFT size (N) should be additionally informed or configured, such as a scaling factor (α)smaller than 1. But one serious problem is how to satisfy the DFT size requirements.  
In conclusion, both of Option 1 and Option 2 have some issues on resource allocation, new signalling, and RB granularity resource mapping. All of them have to consider together with the performance gain. 
Tone reservation
[bookmark: _GoBack]Tone reservation [3] uses extra sub-carriers to reducing the PAPR of UL transmission on the basis of sub-carriers for data. Those extra sub-carriers are served for generating a compensation signal to cancel peaks, so they are named Peak Reduction Tones (PRTs), which are non-overlapping with data tones. The Figure 2 illustrated the main structure of tone reservation. The PRTs are only located at end of the DFT pre-coded data. 


Figure 2: Main structure of tone reservation
It was agreed to study the sideband tone reservation, which the frequency resources next to the data frequency allocation is used for PRT.  However, due to the PRTs are changed every time according to PUSCH, it would lead to high UE computation complexity. 
	Agreement
The following design aspects of tone reservation (TR), are considered for studying MPR/PAR reduction enhancements in Rel-18:
· Sideband tone reservation size is expressed in integer units of RBs.
· FFS:
· Sideband tone reservation size
· Sideband tone reservation size determination
· Whether PRTs are added only to data or also DMRS symbols



Basically, the most important issue of tone reservation is how to generate the compensation signal c for data signal x. c is the time-domain signal of C = [C0, …, CT], x is the time-domain signal of X = [X0, …, XN]. According to [3], the main principle is to find a c in time domain is as close as possible to the ideal impulse. The TR iterative algorithm is try to find the optimum code value C, so that . Besides, the steps in offline computation and online iterations should be divided into steps, to give clear pictures that which part can be up to UE and which part should be defined in the specification and tested. 
Therefore, in order to study tone reservation, we have the following observations:
Observation 1. The most important issue of tone reservation is how to generate the compensation signal c for data signal x, the complexity and flexibility should be identified first for the iteration steps.
Sideband tone reservation size
The tone reservation size can be measured by tone reservation factor, which is defined as tone reservation size / total allocation size. In order to compare the performance gain with FDSS with SE, the tone reservation size can be selected from the same candidate set, including [0.1, 0.2, and 0.3].
Proposal 4. The range of tone reservation factor can be [0.1, 0.2, and 0.3] for study.
Whether PRTs are added only to data or also DMRS symbols
Since the PRTs are not decoded by gNB, they are only used for compensation from the UE side. gNB only ignore those PRTs. So DMRS symbols are not necessary for PRTs. From this point of view, PRTs are added only to data is enough for MPR reduction. But considering the impact of the blanking symbols for transmission, we are open to have unified solution of DMRS extension for TR and SFSS with SE.
Conclusion
In this contribution, we made the following observations and proposals.
Observation 1. The most important issue of tone reservation is how to generate the compensation signal c for data signal x, the complexity and flexibility should be identified first for the iteration steps.

Proposal 1. At least symmetric extension can be included in the study
Proposal 2. The range of extension factors can be [0.1, 0.2, and 0.3] for study
Proposal 3. The DMRS sequence can be generated based on the total allocation PRB number with the excess bandwidth.
Proposal 4. The range of tone reservation factor can be [0.1, 0.2, and 0.3] for study.
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