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Introduction
For UL data transmission without grant, RAN1 NR Ad-Hoc#1 agreed on the following [1]. 
Agreements:
· For an UL transmission scheme with/without grant
· K repetitions including initial transmission (with the same or different RV and FFS with different MCS) (K>=1) for the same transport block are supported
· FFS the way K is determined
· FFS: hopping mechanisms over the transmissions

In this contribution, we will discuss how repetition signals are generated when the same encoded bits are used for the repetition in DFT-Spread OFDM. The generating schemes of the repetition signals are an important issue to improve reliability for UL data transmission without grant. We will propose an interleave repetition technique to mitigate effects of inter-symbol-interference (ISI).  We will evaluate the interleaved repetition by means of comparison with non-interleaved repetition.
Interleaved Repetition Transmission
 Residual ISI
We propose an interleaved repetition transmission. First, we describe the residual ISI that cannot be removed by frequency domain equalization (FDE). When employing the FDE, a system probably selects the minimum mean square error (MMSE) algorithm to calculate weights for the FDE because the MMSE-weight-FDE has better bit error rate (BER) performance than those of zero-forcing(ZF)-weights-FDE and equal-gain(EQ)-weight-FDE. However, when employing the MMSE-weight-FDE, the system must compromise on accepting a certain amount of ISI because the MMSE-weight-FDE does not completely compensate amplitude distortion in frequency domain. In the case of the ZF-weight-FDE, although the ISI can completely be removed, noise enhancement happens and it leads to severe BER performance deterioration. 
[bookmark: _Hlk492045855]Observation 1: ISI cannot be eliminated using MMSE-weight-FDE. To enhance reliability, additional techniques that combat the ISI are probably required. 

 Signal Processing
Figure 1 shows signal processing procedure of the interleaved repetition. In a UE, data is coded in forward error correction (FEC) block. Then the coded signal is copied to two signals, an original signal and a repetition signal. The repetition signal is interleaved by a block interleaver. After interleaving, both the original signal and the repetition signal are modulated; CPs are added; the signals are transmitted to the air. In the BS, cyclic prefix (CP) is removed from the received original and repetition signal. Then, the signals are put into FDE block to mitigate effects of the ISI. The compensated signals are demodulated in de-modulation block. The interleaved signal is re-arranged by the de-interleaver and is added to the original signals. The added signal is decoded in FEC decoder block.
[image: ]
[bookmark: _Hlk487634741]Figure 1 Signal Processing for repetition transmission

When we pay attention to each symbol damaged by the ISI, the deterioration differs depending on fading conditions and data arrangement. Some symbols are significantly lessened and rotated, some symbols are strengthened and remain at correct phase. Hence, by means of sending the interleaved signal and then combining the interleaved signal with the original signal, the symbol deterioration caused by the ISI is mitigated. If either an original symbol or an interleaved symbol is not damaged severely, this addition prevents amplitude of log-likelihood ratio (LLR) from diminishing.
[bookmark: _Hlk487635549][bookmark: _Hlk487794034]Proposal 1: Interleaved repetition transmission is one of effective methods to lessen deterioration caused by the ISI.

Evaluation
We calculate block error rate (BLER) performances for the interleaved repetition transmission using computer simulation. The parameters of the simulation are shown in table 1. In Fig.2, we confirmed that repetition was effective to improve BLER performance. In the case of the 5 path uniform power delay profile, which has larger delay spread than the symbol duration, the interleaved repetition achieved better BLER performance than non-interleaved repetition. This means that the deterioration caused by ISI that cannot eliminated by the MMSE-weight-FDE is mitigated by the interleaved repetition. In the case of the TDL-C UMa normal-delay profile, BER performance of the interleaved repetition is slightly better than non-interleaved repetition. Since the system is regarded as a narrow-band system in the TDL-C profile; there is little ISI, the effect of the interleaved repetition in the TDL-C profile is not so high as that in the 5 path profile.

Table 1: Simulation parameters(1)  To compare the TDL-C model, we prepared the uniform model that has large delay spread.

	Parameters
	Values

	Waveform
	DFT-Spread OFDM

	Allocated PRB Number
	6

	Bandwidth per Physical Resource Block
	15 kHz * 12 = 180 kHz

	Transmission Bandwidth
	180 kHz *6 = 1.08 MHz

	Symbol duration
	0.926 μs

	Information bits  
	176 (22 bytes)

	Modulation scheme
	QPSK

	Forward Error Correction
	Turbo code based on LTE standard
・Constraint length = 4
・Coding rate =1/3
・Tail bit = 4 bits

	Code words bits
	564

	Dummy bit
	12

	Block interleave patterns
	6(rows)×72(columns)

	Fading environment
  (Delay spread στ) 
  [Doppler frequency fd]
	[bookmark: _Hlk492045574]・5 path uniform power delay profile(1)
　 (στ = 1.31μs)  [fd =0Hz]
・TDL-C UMa normal-delay profile [2]
     (στ = 0.363μs)  [fd =≒0Hz]
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Figure 2 Block error rate (BLER) performance
(a) 5 path uniform power delay profile, (b) TDL-C UMa normal-delay profile

[bookmark: _Hlk492045831]Observation 2: The interleaved repetition is effective to improve BLER performance in frequency selective fading environments. 
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Conclusion
In this contribution, the interleaved repetition transmission was considered to improve communication quality. We confirmed that the repetition transmission was effective in frequency selective fading environments.
Proposal 1: Interleaved repetition transmission is one of effective methods to lessen deterioration caused by the ISI.
Observation 1: ISI cannot be eliminated using MMSE-weight-FDE. To enhance reliability, additional techniques that combat the ISI are probably required. 
Observation 2: The interleaved repetition is effective to improve BLER performance in frequency selective fading environments.
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