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1. Introduction
In RAN1#102-e the following agreements in 8.8.1.1 were made [1].
	Agreements:
· Latency requirements assumed in VoIP evaluation for TDD and FDD are reported by companies




Furthermore, in 8.8.2.1, the following agreements were made [1].
	Agreements:
· Multiple layer PUSCH transmission with DFT-S-OFDM for PUSCH enhancements can be studied with low priority.
· Study open-loop/closed loop Tx diversity for PUSCH enhancements with low priority.




Regarding coverage enhancement, in order to maintain latency requirement for VoIP service, both the increase of MCL and reduction of necessary fading margin are crucial. In this contribution, we consider adapting both DFT-s-OFDM and open-loop Tx diversity in PUSCH.


2. PUSCH coverage enhancement with DFT-s-OFDM
One straightforward approach for increasing MCL is to increase transmit power. As waveform, the use of DFT-s-OFDM brings higher transmit power efficiency than CP-OFDM [2]. In QPSK, PAPR of DFT-s-OFDM is approximately 3dB lower than that of CP-OFDM at probability of 0.99 in complementary cumulative distribution function (CCDF).[3] 

Observation 1: DFT-s-OFDM is better waveform from viewpoint of reduction of PAPR than CP-OFDM.

As the countermeasure of the fading besides MCL, Rx side must equip antennas as many as possible for Rx diversity in UL. In addition, we consider that UE also should equip with multiple antennas for utilizing Tx diversity to further suppress the fading fluctuation. Figure 1 shows the simulation results on BLER in PUSCH with DFT-s-OFDM. Parameters and conditions in the simulation are summarized in the Appendix. As shown, the Tx diversity with 2 antennas brings 4.2 dB gain at BLER of 10 % in PUSCH with DFT-s-OFDM by compared with that without Tx diversity. The achievable gain leads to increase MCL in PUSCH.


[image: ]
Figure 1.  BLER curves in DFT-s-OFDM in PUSCH with or without Tx diversity (TDL-C).


 
Observation 2: The use of Tx diversity is effective to reduce required SNR in PUSCH with DFT-s-OFDM at BLER of 10%. It could contribute to realizing coverage enhancement.

Proposal 1: DFT-s-OFDM is better waveform from viewpoint of reduction of PAPR than CP-OFDM. 
Proposal 2: Tx diversity should be introduced in order to realize the reduction of necessary fading margin for coverage enhancement.
Proposal 3: The use of DFT-s-OFDM with Tx diversity should be one of the approaches for coverage enhancement.

3. Conclusions
This contribution gives the following observations:
Observation 1: DFT-s-OFDM is better waveform from viewpoint of reduction of PAPR than CP-OFDM.
Observation 2: The use of Tx diversity is effective to reduce required SNR in PUSCH with DFT-s-OFDM at BLER of 10%. It could contribute to realizing coverage enhancement.

[bookmark: _References]In addition, we propose:
Proposal 1: DFT-s-OFDM is better waveform from viewpoint of reduction of PAPR than CP-OFDM.
Proposal 2: Tx diversity should be introduced in order to realize the reduction of necessary fading margin for coverage enhancement.
Proposal 3: The use of DFT-s-OFDM with Tx diversity should be one of the approaches for coverage enhancement.
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Appendix
The parameters in the simulations are listed as follows:
 
Table I. Simulation parameters
	Parameters
	Values

	Waveform
	DFT-s-OFDM

	Modulation
	QPSK

	SCS
	15 kHz

	Bandwidth
	4 PRB

	Repetitions
	Without repetition

	DMRS
	Single symbol type 1

	Frequency hoping 
	Without frequency hopping

	Number of transmit antennas
	1 (without Tx diversity) or 2 (with Tx diversity)

	Transmit diversity method
	STBC　[4]

	Center frequency
	700MHz

	Velocity
	120 km/h

	Channel model 
	TDL-C

	Number of receive antennas
	2

	Receive method
	MMSE




· Signal procedure
Figure 2 shows a block diagram of the system model in the simulation. In UE, data is encoded by 5G NR LDPC. Then, coded data is modulated with QPSK. The QPSK signals are transmitted with Tx diversity, in which STBC in the frequency domain is applied. After that, DMRS is multiplexed. In gNB, DMRS is extracted to calculate the MMSE weight for diversity, which is used for executing equalization and combining the signals received by multiple antennas. The combined signal is demodulated and then decoded by the LDPC decoder. Finally, gNB obtains the transmitted data. In case there is interference, gNB equips the successive interference cancellation (SIC). 
[bookmark: _Hlk53409865]Furthermore, MMSE weight should be optimized when the number of Rx antennas M is more than the number of UEs N. One of the solutions is that we accurately calculate the power of the interference signals that cannot be eliminated by multiple Rx antenna because of M < N. In this case, the interference power should be calculated after MMSE weight is multiplied. Then, the interference power Pi should be included when calculating MMSE weight as follows:

WMMSE = (R*RT + (Pn + Pi)I)-1 r1*            (1)

where R is a channel matrix multiplied by transmit power of UE. r1 denotes the channel vector to be the decoded signal by MMSE diversity. Pn and I denote noise power and unit matrix respectively.
Moreover, it is important to determine which UE’s signal is firstly decoded for SIC. One of the determination methods is to calculate SIR after multiplying the MMSE weight to the Rx signals. By selecting the signal in order of SIR, the probability that the SIC loop is stopped because of detecting the error can be reduced. We consider that SIR should be compared after multiplying the MMSE weight not before multiplying the MMSE weight.
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Figure 2. The block diagram of Tx diversity in the waveform of DFT-s-OFDM. 
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