3GPP TSG RAN WG1 #110bis-e			R1-2208576
e-Meeting, October 10th – 19th, 2022
[bookmark: Source]Agenda item:	9.14.2
Source: 	Spreadtrum Communications
[bookmark: OLE_LINK45][bookmark: OLE_LINK46][bookmark: OLE_LINK3]Title: 	Discussion on power domain enhancements
[bookmark: DocumentFor]Document for:	Discussion and decision
Introduction
In RAN#96 meeting, a revised Work Item [1] was agreed to study UL coverage enhancement. 
	· [bookmark: OLE_LINK67][bookmark: OLE_LINK68]Study and if necessary specify following power domain enhancements
· Enhancements to realize increasing UE power high limit for CA and DC based on Rel-17 RAN4 work on “Increasing UE power high limit for CA and DC”, in compliance with relevant regulations (RAN4, RAN1)
· Enhancements to reduce MPR/PAR, including frequency domain spectrum shaping with and without spectrum extension for DFT-S-OFDM and tone reservation (RAN4, RAN1)



This contribution provides our initial considerations on power domain enhancements for UL coverage enhancement.
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Discussion
Power domain enhancement is an important component for UL coverage studies. There was some discussions during Rel-17 UL coverage SI stage, and the following observations can be found in clause 6.1.4[2]. Especially, low MPR is a very important feature in UL DFT-s-OFDM with prioritization of the provision of wide area coverage.
	Power domain based solutions are studied, including waveform design to optimize MPR/A-MPR, FDD high power UE, and power boosting for pi/2 BPSK.
[bookmark: OLE_LINK69][bookmark: OLE_LINK70]UE transmit waveform design to reduce MPR was studied from several aspects, including tone reservation, FDSS (Frequency Domain Spectral Shaping) without spectral extension for pi/2 BPSK, and FDSS with and without spectral extension for QPSK. Potential specification impacts include: related signalling, design for spectral extension, RF requirements. Note: For tone reservation, a fraction of tones allocated to a UE are reserved for the UE to shape its waveform; no data is transmitted on these tones.
Power boosting for pi/2 BPSK was studied, including beyond 26 dBm as a function of the UL duty cycle. Potential specification impacts include: UE behavior for power boosting based on the UL time domain resource allocation, explicit or implicit signaling, RF requirement.
One source (R1-2008626) evaluates the performance of UE transmit waveform design to reduce MPR and shows 1 ~1.5 dB gain, compared to Rel-16 DFT-S-OFDM and CP-OFDM.
[bookmark: OLE_LINK71][bookmark: OLE_LINK72]One source (R1-2007905) evaluates the performance of power boosting for pi/2 BPSK and shows around 3 dB gain for UL duty cycle less than 50% and around 6 dB gain for UL duty cycle less than 25%.



Frequency Domain Spectral Shaping without spectrum extension
In Rel-15, pi/2 BPSK DFT-s-OFDM spectrum shaping without spectrum expansion was supported to further reduce PAPR of UL transmission. During Rel-17 UL coverage SI stage, FDSS was suggested to extend to other modulations, such as QPSK, to reduce MPR and improve UL coverage. The exact FDSS function does not need to be defined or specified, but the performance requirements need to be specified. Figure 1 illustrates FDSS without spectrum extension. 


Figure 1: FDSS without spectrum extension
So Rel-15 FDSS without spectrum extension applied for other modulations can be further studied, if its gain is good enough considering PAR or CM gain, it can be supported in Rel-18. 
Proposal 1. Enhanced FDSS without spectrum extension applied for other modulations can be further studied.
Frequency Domain Spectral Shaping with spectrum extension
Figure 2 illustrates the main procedure of FDSS with spectrum 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.


Figure 2: FDSS with spectrum extension
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, which can be a scaling factor to the DFI size, configured by higher layer signalling or indicated by DCI. The scaling factor is larger than 1. One issue is gNB should take care of frequency domain resource allocation to void the collision with other UE. Another problem is if scaling factor applied, the actual resource allocation may not 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 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. 
Observation 1. FDSS with spectrum extension has more specification impacts on resource allocation, new signalling, and RB granularity resource mapping issues. 
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 3 illustrated the main structure of tone reservation. The PRTs are only located at end of the DFT pre-coded data. 


Figure 3: Main structure of tone reservation
There are two kinds of tone reservation location options:
1. Reserving a fix frequency resource allocation for PRT. Its location is independent from PUSCH resources, some calculations can be done offline to reduce the implementation.
2. 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. 

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 2. 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.
Observation 3. Two types of tone reservation location options can be consider:
· Reserving a fix frequency resource allocation for PRT, which is independent from PUSCH resources.
· The frequency resources next to the PUSCH frequency allocation is used for PRT.
Conclusion
In this contribution, we made the following observations and proposals.
Proposal 1. Enhanced FDSS without spectrum extension applied for other modulations can be further studied.
Observation 1. FDSS with spectrum extension has more specification impacts on resource allocation, new signalling, and RB granularity resource mapping issues. 
Observation 2. 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.
Observation 3. Two types of tone reservation location options can be consider:
· Reserving a fix frequency resource allocation for PRT, which is independent from PUSCH resources.
· The frequency resources next to the PUSCH frequency allocation is used for PRT.
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