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1 Introduction

At previous RAN1 meetings on NB-IoT, it was agreed that [1]:
· Transmission channel design of only 1 bit A/N via PUSCH structure with the following changes: 

· No CRC 

· Repetition coding is used 

· Resource unit size: Smaller resource unit size (such as 2 msec with 15 kHz or 8 msec with 3.75 kHz) is used 

· Frequency offset for A/N transmission resource is dynamically indicated by DL grant 

· FFS whether time resource of A/N transmission is also indicated by DL grant or implicitly determined.
· Repetition

· The repetition pattern within the allocated resources is realized by using Cyclic repetition

· In each cycle, each subframe/NB-slot in the allocated resources is repeated consecutively for Z times

· Z = Min(4, repetition) for multi-tone transmission

· Z = 1 for single-tone transmission

· Different scrambling is used in each cycle

· NOTE: RV cycling is feasible under this repetition
It was approved in the email discussion that:

· Introduce uplink transmission gaps for long uplink (i.e. NB-PUSCH/NB-PRACH) transmissions. 
· During uplink transmission gaps, the UE may switch to the DL and performs time/frequency synchronization

· Uplink transmission gap is defined by a period X and a gap length Y.  

· A minimum period Xmin is defined in the specifications

· FFS whether other periods X > Xmin are defined

· Y > 0

· All uplink transmissions of duration greater than or equal to X msec applies transmission gap with gap length Y and periodicity X until the uplink transmission completes

· The values of the period X and gap length Y are:  

· Alt-1: Defined in the specifications

This document discusses the remaining issues on NB-PUSCH.
2 Scrambling
The scrambling sequence of legacy PUSCH can be reused for NB-PUSCH. The scrambling initialization for legacy PUSCH can also be reused, i.e., 
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where q is always 0 since there is only single-codeword transmission in NB-IoT.

However, it was agreed at RAN1 NB-IoT Ad-hoc#2 that for cyclic repetition, “different scrambling is used in each cycle”, see section 1. If q is always 0, the same scrambling may occur at some or all cycles. For example, if a codeword is mapped to 5 subframes with 8 repetitions, ns is reset at each cycle, resulting in a single scrambling sequence for each cycle.

One possible way of following the RAN1 agreement in the scrambling initialization is to alternate q between 0 and 1 at each cycle in the case of cyclic repetitions. (In LTE, q can be 0 or 1 depending on the number of codewords per subframe.)

Proposal 1:  The scrambling sequence for NB-PUSCH is according to Section 7.2 of TS 36.211.
Proposal 2:  The initialization value Cinit for generating the scrambling sequence is according to Section 5.3.1 of TS 36.211, with the modification that q alternates between 0 and 1 at each cycle in the case of cyclic repetitions. 
For ACK/ NACK corresponding to NB-PDSCH transmission, it is agreed that repetition coding is used. It is proposed that scrambling is also applied to those coded bits. 
Proposal 3: Scrambling is applied to the coded bits after repetition encoding for ACK/NACK corresponding to NB-PDSCH transmission.
Since cross-RU transmission is supported for NB-PUSCH, the scrambling sequence generator can be initialized at the start of each code word and at the start of each repetition cycle, where a repetition cycle is defined as the basic unit in which a full codeword is repeated.
Proposal 4:  The scrambling sequence generator can be initialized at the start of each codeword and at the start of each repetition cycle, where a repetition cycle is defined as the basic unit in which a full codeword is repeated.
3 Resource mapping
The resource mapping of data to NB-PUSCH can reuse the rules for LTE PUSCH, in which data is mapped first in time and then in frequency. Since cross-RU allocation is supported for NB-PUSCH, a single transport block can be mapped over multiple RUs. In this case, data can be mapped within a resource unit first and then across resource units. 
Proposal 5: NB-PUSCH data is mapped first in time and then in frequency.
Proposal 6: When NB-PUSCH is mapped across multiple resource units, it is mapped within a resource unit first and then across resource units.
4 Channel interleaver
LTE uses a channel interleaver for PUSCH, which leads to a time-first resource mapping. Such an interleaving is not needed for single-tone NB-PUSCH, and the benefit of adding this extra step is so far not clear for multi-tone NB-PUSCH. In general, the operation should be the same as far as possible whether using single-tone or multi-tone transmission for data, so either should use the interleaver or neither.

Proposal 7: Both single-tone transmission and multi-tone transmission should use the uplink channel interleaver, or neither should use it. 
5 UL transmission gap

Regarding UL transmission gap, it is agreed that a pair of parameters (X, Y) have to be specified or configured. The periodicity X mainly depends on the stability of device oscillator, which is expected to be decided by RAN4. The gap size Y mainly depends on the synchronization latency for reducing frequency error from maximally 0.1ppm to no larger than 0.05ppm. NB-SSS can be used for CFO tracking [2]. According to the simulation results of CFO tracking in Annex A, 160 ms is required to achieve the accuracy of 45 Hz in 95% cases, assuming in-band deployment with 6 dB PSD boosting but not considering transmit diversity.. Consequently, the gap size Y should be around or a little less than 160 ms. Considering the length of RU is 32 ms for 3.75 kHz subcarrier spacing, the gap size can be selected between 128 ms and 160 ms.

Proposal 8:  Regarding the configuration of UL transmission gap, the gap size Y can be selected between 128 ms or 160 ms.
6 Repetitions
The link level simulation results of NB-PUSCH for in-band operation are shown in Figure 1, with simulation assumptions shown in Annex B. It is seen that 64 repetitions are required to achieve 164 dB MCL. Allowing a typical 3 dB implementation margin, 128 repetitions are required to achieve 167 dB MCL. Hence the proposed options for the number of repetitions for NB-PUSCH are {1, 2, 4, 8, 16, 32, 64, 128}. 
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Figure 1 Performance of NB-PUSCH (single-tone, 15kHz subcarrier spacing)
Proposal 9:  The number of repetitions for a NB-PUSCH transmission is selected from {1, 2, 4, 8, 16, 32, 64, 128}.

7 Conclusions
In this contribution, the remaining issues on NB-PUSCH are discussed, which can be summarized through the following proposals:
Proposal 1:  The scrambling sequence for NB-PUSCH is according to Section 7.2 of TS 36.211.
Proposal 2:  The initialization value Cinit for generating the scrambling sequence is according to Section 5.3.1 of TS 36.211, with the modification that q alternates between 0 and 1 at each cycle in the case of cyclic repetitions.
Proposal 3: Scrambling is applied to the coded bits after repetition encoding for ACK/NACK corresponding to NB-PDSCH transmission.
Proposal 4:  The scrambling sequence generator can be initialized at the start of each codeword and at the start of each repetition cycle, where a repetition cycle is defined as the basic unit in which a full codeword is repeated.
Proposal 5: NB-PUSCH data is mapped first in time and then in frequency.

Proposal 6: When NB-PUSCH is mapped across multiple resource units, it is mapped within a resource unit first and then across resource units.
Proposal 7: Both single-tone transmission and multi-tone transmission should use the uplink channel interleaver, or neither should use it.
Proposal 8:  Regarding the configuration of UL transmission gap, the gap size Y can be selected between 128 ms and 160 ms.
Proposal 9:  The number of repetitions for a NB-PUSCH transmission is selected from {1, 2, 4, 8, 16, 32, 64, 128}.
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Annex A Simulation settings and results for CFO tracking
Table 1 Simulation settings for CFO tracking
	Scenario
	values

	Channel Model
	TU 

	Doppler
	1 Hz

	Antenna configuration
	1T1R

	BS Tx power
	35 dBm for in-band operation

	Sampling rate
	1.92MHz

	MCL (dB)
	164

	UE initial carrier frequency offset
	Randomly chosen from {-0.1ppm, +0.1ppm}, which is [-180 Hz, +180 Hz] considering radio frequency of 1.8 GHz for the worst case


Table 2 Performance of fine CFO estimation with 131-length ZC sequence

	
	Residual CFO (Hz)
	Latency (ms)

	Performance
	Within [-45, 45] in 95% cases
	160


Annex B Simulation assumptions for NB-PUSCH performance
Table 3 Simulation assumptions

	Parameter
	Value

	System bandwidth
	180 kHz

	Carrier frequency
	900 MHz

	Antenna configuration
	1T2R

	Channel model
	TU 1Hz

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

	Frenquency error(F_est_error)
	Randomly chosen from two values: -50 Hz and 50 Hz

	Frequency drift rate (F_drift_active)
	22.5 Hz/second

	Timing error
	Randomly chosen from two values: -2.6 us and 2.6 us

	HARQ
	Not enabled

	Performance target
	10% BLER

	Channel estimation
	Realistic cross-subframe channel estimation

	Subcarrier bandwidth (kHz)
	15

	Number of subcarriers
	1

	Modulation
	QPSK

	Coding
	Turbo
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