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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN#70 plenary meeting, the uplink in NB-IoT WI has been updated [1]
· For the uplink: 
· Single tone transmissions are supported. Two numerologies should be configurable by the network for single-tone transmission: 3.75 kHz and 15 kHz. A cyclic prefix is inserted. Frequency domain sinc pulse-shaping in the physical layer description.
· Multi-tone transmissions are supported, based on SC-FDMA with 15 kHz UL subcarrier spacing.
· FFS: Additional mechanisms for PAPR reduction.
· The UE shall indicate the support single-tone and/or multi-tone, details to be discussed by RAN WGs
This document proposes design considerations for NB-PUSCH which is used to carry uplink transmission data and some control information.
Reference signal
[bookmark: OLE_LINK16]In LTE, DMRS is used to acquire and track channel response for PUSCH. It is interesting to understand whether the same design can also apply in NB-IoT, and whether the DMRS density in LTE is sufficient for the support of the 164 dB MCL target for the 15 kHz subcarrier spacing option of NB-PUSCH.
Simulations were performed to investigate the link level performance of NB-PUSCH assuming different DMRS densities with simulation assumptions in Annex A, and the results are shown in Figure 1 of Annex B. It can be seen that by increasing the DMRS density from 1 symbol per slot (i.e. the same as in LTE) to 2 symbols per slot, the BLER performance is only improved by 0.5 dB for TU 1 Hz channel and 0.6 dB for TU 100 Hz channel. The gain cannot even compensate the loss due to the decrease of data symbol density from 6 to 5 per slot, i.e. 10*log10(5/6)=-0.8 dB.
In fact, as shown in Table 3, the MCL target of 164 dB is comfortably met for NB-PUSCH by reusing the LTE DMRS density. Hence it is proposed to reuse the LTE uplink DMRS pattern for the 15 kHz subcarrier spacing option of NB-PUSCH.
For the 3.75 kHz subcarrier spacing option, the frame structure is discussed in [2]. In the proposed frame structure, there are 7 symbols in a subframe. To keep alignment with the DMRS density of LTE, it is preferred that the same DMRS pattern, i.e. the middle symbol of every 7 symbols as NB-DMRS, is used in the proposed frame structure for 3.75 kHz subcarrier spacing.
Proposal 1: The same DMRS pattern as in LTE uplink is reused for NB-PUSCH with 15 kHz subcarrier spacing (i.e. the middle symbol of every 7 symbols is used as uplink NB-DMRS).
Proposal 2: For NB-PUSCH with 3.75 kHz, the same DMRS density as LTE uplink is used for NB-DMRS.
Modulation, coding and data transmission
[bookmark: _Ref129681832][bookmark: _GoBack]To maximize the reuse of LTE functionalities, QPSK should be considered as the baseline. The link level performance is shown in Annex C and the MCL is summarized in Table 3, which shows that 164dB MCL requirement can be met by QPSK with both 3.75 kHz subcarrier spacing and 15 kHz subcarrier spacing. A phase rotation (e.g. π/4) can be applied to facilitate PAPR reduction (see Table 2 of Annex C), and so phase rotation is proposed at least for single-tone transmissions. If using the phase rotation and phase domain filtering approach that is proposed in [3], single-tone transmission with QPSK can achieve 0 dB PAPR (i.e. exactly constant envelope).
Other modulation(s) can also be considered if justified by performance.
Proposal 3: QPSK modulation is used as a baseline for NB-PUSCH, with phase rotation to reduce PAPR at least for single-tone transmissions.
The Turbo coding and rate matching schemes in LTE is proposed to be reused for NB-PUSCH, because it provides significantly higher coding gain than convolutional coding. Although the decoding complexity of turbo coding is higher than that of convolutional coding, the decoding is performed at the base station and the complexity is considered acceptable.
Proposal 4: Turbo coding and rate matching in LTE is reused for NB-PUSCH.
As agreed in RAN2#91bis, “1 HARQ process for dedicated transmissions (1 for UL and 1 for DL)” is supported [4]. Therefore, RAN1 should design according to this agreement. Due to the wide variation of the transmission duration between different coverage levels, it is hard to fix the time interval between first transmission and re-transmission. Consequently, asynchronous HARQ is proposed. For more discussion of this, see [5].
Proposal 5: Asynchronous single HARQ process is supported for NB-IoT uplink data transmissions.
Uplink control signaling
In LTE, uplink control signalling mainly consists of ACK/NACK transmission, CSI feedback and scheduling request. The frequent packet transmission and complex transmission modes in LTE requires a dedicated PUCCH to transmit those control signalling. For NB-IoT, infrequent small data transmissions dominate the traffic characteristics, significantly reducing the requirement of A/N transmission and scheduling request. The A/N transmission can be multiplexed with data on NB-PUSCH, and scheduling request can be indicated via the random access procedure. As the downlink transmission with more than 1 antenna is based on SFBC, the CSI feedback can be significantly simplified. Therefore, PUCCH as defined in LTE is not needed for NB-IoT system. For additional discussion, see [6].
Proposal 6: UL ACK/NACK is transmitted on NB-PUSCH.
Proposal 7: Periodic CSI reporting on NB-PUSCH is not supported.
Proposal 8: SR is supported only via the random access procedure.
Proposal 9: No NB-PUCCH is introduced.
TTI length and resource allocation
TTI is related to scheduling intervals and data block size from higher layer. To maximize re-use of LTE TBS definition, we can define TTI length together with the number of subcarrier allocated, so that the time-frequency resource is the same as that of a LTE PRB pair. For example, TTI length is 12ms for single tone with 15 kHz subcarrier spacing, 48ms for single tone with 3.75 kHz subcarrier spacing, and 3ms for 4 subcarriers, and so on. In this way, the LTE TBS could be re-used, and DMRS in LTE can be naturally re-mapped in time domain. Note that with the proposed definition of NB-subframe in [2], the TTI is not equal to the subframe length.
As for resource allocation, the WID states: “Two numerologies should be configurable by the network for single-tone transmission: 3.75 kHz and 15 kHz”. For multi-tone transmission, it is beneficial to define 2/4/8/12 subcarriers transmission. This is because in multi-tone transmission, UE has to perform DFT/IFFT to generate the signal. And if the supported number of subcarriers is power of 2, the computational complexity of DFT process can be reduced.
Proposal 10: The TTI length is proposed to be defined as follows,
· For single tone transmission, a fixed value of 12 ms for 15 kHz subcarrier spacing and 48 ms for 3.75 kHz subcarrier spacing.
· For multi-tone transmission, the TTI is defined such that the total number of resource elements used (multiplication of TTI length and number of subcarriers) is the same as a LTE PRB.
Proposal 11: The supported number of subcarriers is
· For single tone transmission, 1.
· For multi-tone transmission, 1/2/4/8/12.
Conclusions
In this contribution, design considerations for NB-PUSCH are described with following proposals:
Proposal 1: The same DMRS pattern as in LTE uplink is reused for NB-PUSCH with 15 kHz subcarrier spacing (i.e. the middle symbol of every 7 symbols is used as uplink NB-DMRS).
Proposal 2: For NB-PUSCH with 3.75 kHz, the same DMRS density as LTE uplink is used for NB-DMRS.
Proposal 3: QPSK modulation is used as a baseline for NB-PUSCH, with phase rotation to reduce PAPR at least for single-tone transmissions.
Proposal 4: Turbo coding and rate matching in LTE is reused for NB-PUSCH.
Proposal 5: Asynchronous single HARQ process is supported for NB-IoT uplink data transmissions.
Proposal 6: UL ACK/NACK is transmitted on NB-PUSCH.
Proposal 7: Periodic CSI reporting on NB-PUSCH is not supported.
Proposal 8: SR is supported only via the random access procedure.
Proposal 9: No NB-PUCCH is introduced.
Proposal 10: The TTI length is proposed to be defined as follows,
· For single tone transmission, a fixed value of 12 ms for 15 kHz subcarrier spacing and 48 ms for 3.75 kHz subcarrier spacing.
· For multi-tone transmission, the TTI is defined such that the total number of resource elements used (multiplication of TTI length and number of subcarriers) is the same as a LTE PRB.
Proposal 11: The supported number of subcarriers is
· For single tone transmission, 1.
· For multi-tone transmission, 1/2/4/8/12.
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Annex A [bookmark: _Ref438890703]Simulation assumptions

[bookmark: _Ref439779872]Table 1: Simulation assumptions
	Parameter
	Value

	System bandwidth
	180 kHz

	Carrier frequency
	900 MHz

	Antenna configuration
	1T2R

	Channel model
	TU 1Hz/100Hz

	Frenquency error
	F_offset(t) = F_est_error + (F_drift_active * t) 

	Frenquency error(F_est_error)
	Randomly chosen from the set {-50, 50} Hz

	Frequency drift rate (F_drift_active)
	22.5 Hz/second

	Timing error
	Randomly distributed between [-2.6, 2.6] us

	HARQ
	Not enabled

	Performance target
	10% BLER

	Channel estimation
	Realistic cross-subframe channel estimation

	Subcarrier bandwidth (kHz)
	3.75, 15

	Number of subcarriers
	1

	Modulation
	QPSK

	Coding
	Turbo rate-1/3

	Repetition
	8 for 3.75 kHz subcarrier spacing, 32 for 15 kHz subcarrier spacing

	Packet Length (bits)
	800



Annex B [bookmark: _Ref439966182]BLER performance for different DMRS densities
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[bookmark: _Ref439966166]Figure 1: BLER performance for different DMRS densities

Annex C [bookmark: _Ref439968858]PAPR and BLER performance for QPSK

[bookmark: _Ref439259558]Table 2 PAPR of QPSK and π/4-QPSK
	Modulation
	PAPR@10e-4

	QPSK
	0.95dB

	π/4-QPSK
	0.46dB



[image: ]
[bookmark: _Ref439780151]Figure 2 BLER performance for QPSK

[bookmark: _Ref439966632]Table 3 MCL calculation for uplink data channel
	
	PUSCH
single-tone(3.75kHz)
	PUSCH
single-tone(15kHz)

	
	UL-SCH
	UL-SCH

	
	TU 1Hz
	TU 100Hz
	TU 1Hz
	TU 100Hz

	Transmitter
	
	
	
	

	(1) Total Tx power (dBm)
	23
	23
	23
	23

	Receiver
	
	
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	3
	3
	3
	3

	(4) Interference margin (dB)
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	3750
	3750
	15000
	15000

	(6) Effective noise power
= (2) + (3) + (4) + 10 log((5)) (dBm)
	-135.3
	-135.3
	-135.3
	-135.3

	(7) Required SINR (dB)
	-8.0
	-5.9
	-12.7
	-12.5

	(8) Receiver sensitivity
= (6) + (7) (dBm)
	-143.3
	-141.2
	-129.2
	-129.2

	(9) Rx processing gain (dB)
	0
	0
	0
	0

	Maximum coupling loss
	
	
	
	

	(10) MCL = (1) – (8) + (9) (dB)
	166.3
	164.2
	164.9
	164.7

	Data rate at the SAP to the SNDCP (kbps) 
	0.21
	0.21
	0.21
	0.21
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