	


3GPP TSG RAN Meeting #94e	RP-213280
Electronic meeting, Dec. 6 - 17, 2021	

Agenda item:		8A.1
Source:		Nokia, Nokia Shanghai Bell
Title:	On Rel-18 UL Enhancements
Document for:		Discussion 
1 Introduction
The October email discussion on potential UL enhancements topics identified for the corresponding Rel-18 WID [1, 2], but RAN was not able to achieve a firm conclusion on most of the topics. In this contribution we elaborate further on selected topics related to power domain enhancements and DFT-S-OFDM, with justification as to their relevance for Rel-18 work.
2 Frequency Domain Spectrum Shaping
One of the key areas for UL-related work in Rel-18 is on power domain enhancements, as identified in the preparatory email discussions [1] and mentioned in the current WID draft [2]. In this section we elaborate further on the following potential objective: 
2. [Study and if necessary specify following power domain enhancements]
· (…)
· [Enhancements to reduce MPR/PAR, including new transmission mechanism such as spectrum shaping, [reduced spectrum utilization with relaxed requirements on channel filtering,] [and potential adjustments to MPR and test tolerance relations] (RAN4[, RAN1])]
The key motivation here is to extend the spectral shaping framework defined in previous releases (for pi/2 BPSK) for QPSK scenario. This could potentially reduce the MPR and improve UL PUSCH coverage accordingly. It is also beneficial for higher UL data rates applications and/or when operating with a higher spectral efficiency. The spectral shaping improves power amplifier efficiency because the lowered PAR (Peak-to-Average Ratio) enables operating closer to the amplifier’s saturation point. The shaped spectrum reduces also the emissions.  
[bookmark: _Hlk53063199]The spectral shaping can be applied with or without spectral extension. Rel-15 NR supports FDSS (Frequency Domain Spectral Shaping) without spectrum extension for pi/2 BPSK. The FDSS work has continued in Rel-16 with low-PAPR DMRS, and in Rel-17 study with further optimization of UL Tx power / net gain.  The block diagram of DFT-S-OFDM transmitter with FDSS and spectrum extension is illustrated in Figure 1, together with an example FDSS spectrum with 25% extension. The exact FDSS function does not need to be defined or specified, but the performance requirements need to be specified in order to define the boundary conditions to the implementation.
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[bookmark: _Ref53054297][bookmark: _Ref53662710]Figure 1. NR UL (DFT-S-OFDM) transmitter with FDSS with spectrum extension: (a) block diagram, (b) example spectrum with 25% extension.

In [3] several performance evaluations are presented on FDSS with spectrum extension and QPSK, compared to FDSS without spectrum extension and pi/2 BPSK, and some of the key findings are summarized here. Results below are shown based on cubic metric (CM), as previous studies have shown that CM is often a more illustrative metric for the transmit power reduction of a typical power amplifier at the mobile handset compared to PAR.  Table 1 shows that QPSK FDSS with spectrum extension reduces CM efficiently while FDSS without spectrum extension have almost no impact for CM.  Hence spectral shaping with spectrum extension is a good candidate method to reduce MPR and to improve UL PUSCH coverage.
[bookmark: _Ref53059055]Table 1 CM for QPSK with and without FDSS and spectrum extension
	Waveform
	CM [dB]

	QPSK No FDSS
	1.0

	QPSK FDSS without extension
	0.9

	QPSK FDSS with 25% extension
	0.1



[bookmark: _Toc53788225]Observation 1: FDSS with spectrum extension is a potential candidate for shaping with QPSK because it can reduce both CM and PAR efficiently. 
Finally, Figure 2 shows the simulated OBO (Output Back-Off) of PA (Power Amplifier) as function of PRB allocation for both FR1 and FR2 by considering UE RF requirements (IBE, OBW, EVM, ACLR). The OBO is defined as the saturated output power compared to mean output power. Results show that 25% spectrum extension with FDSS applied for QPSK enables operating 1-1.7 dB closer to the amplifier’s saturation point compared to the original QPSK waveform. The pi/2 BPSK FDSS can still operate 0-1.0 dB lower OBO.  However, in the PRB allocations of interest for coverage, the OBO difference between pi/2 BPSK FDSS and QPSK FDSS with spectral extension is less than 0.3 dB. Clearly, both QPKS and QPKS FDSS clearly outperform pi/2 BPSK FDSS in link performance (as shown in [3]). Based on that, QPKS FDSS has considerable (~1.5 dB ) net gain (Tx power gain/loss + gNB receiver gain/loss​) potential compared to both QPKS and pi/2 BPSK FDSS. 

​
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[bookmark: _Ref53067489]Figure 2 Power Amplifier Output Back-Off as function of PRB allocation size
[bookmark: _Toc53788226]
Observation 2: The Output Back-Off at PA of the original QPSK waveform is reduced by 1.0-1.7 dB by applying FDSS with spectral extension. 
[bookmark: _Toc53788227]Observation 3: At the PRB allocations of interest for coverage, the OBO difference between pi/2 BPSK FDSS and QPSK FDSS with spectral extension is 0-0.3 dB.
Based on the results above and the analysis in Sec. 2.5 of [3], it is clear that FDSS with spectral extension is an important area for UL enhancements in Rel-18. Hence we propose the objective on FDSS with spectral extension is confirmed in [2], i.e. brackets and yellow highlights should be removed:
Proposal 1: Confirm objective on FDSS with spectral extension, i.e.:2. [Study and if necessary specify following power domain enhancements]
· (…)
· [Enhancements to reduce MPR/PAR, including new transmission mechanism such as spectrum shaping, [reduced spectrum utilization with relaxed requirements on channel filtering,] [and potential adjustments to MPR and test tolerance relations] (RAN4[, RAN1])]


3 Other DFT-S-OFDM enhancements
Other topics related to DFT-S-OFDM in current WID draft [2] are faster-than-RRC switching between DFT-S-OFDM and CP-OFDM and rank>1 for DFT-S-OFDM. They both have their own merits, but it should be observed that a faster switch between DFT-S-OFDM and CP-OFDM would already enable usage of higher ranks, and hence it is natural to consider it with higher priority than rank>1. Another reason to prioritize faster switching over rank>1 is the fact that the former is also available for 1TX UEs. Given the reasons above we propose the following:
Proposal 2: Select Alt.2 for further DFT-S-OFDM enhancements, i.e.
Alt.2:
4. [Specify following enhancements for DFTS-OFDM (RAN1)]
· [Dynamic switching between DFTS-OFDM and CP-OFDM]
· [Study and if justified to support this on top of above dynamic switching, specify multi-layer transmission with DFTS-OFDM, with considering LTE design]

4 Summary and Conclusions
In this document we discussed selected topics on potential UL enhancements based on the current status from preparatory email discussions. In this contribution we elaborated further on selected topics related to DFT-S-OFDM, with justification as to their relevance for Rel-18 work. There are other aspects not addressed in this contribution which are also relevant for the Rel-18 WID, but which we assume to be handled as part of RAN#94e discussions. In this contribution we have made the following observations and proposals:
Observation 1: FDSS with spectrum extension is a potential candidate for shaping with QPSK because it can reduce both CM and PAR efficiently. 
Observation 2: The Output Back-Off at PA of the original QPSK waveform is reduced by 1.0-1.7 dB by applying FDSS with spectral extension. 
Observation 3: At the PRB allocations of interest for coverage, the OBO difference between pi/2 BPSK FDSS and QPSK FDSS with spectral extension is 0-0.3 dB.
Proposal 1: Confirm objective on FDSS with spectral extension.
Proposal 2: Select Alt.2 for further DFT-S-OFDM enhancements.
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