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Legacy LTE UEs are time and frequency synchronized with the serving cell through continuously tracking to the downlink reference signals from the serving cell. Unlike legacy LTE UEs, however, NB-IoT UEs work on half-duplex mode, and are unable to measure the downlink reference signals from the serving cell when transmitting uplink signals, especially during uplink transmission repetition.

Considering the frequency drift during uplink transmission repetition, it was agreed that the Frequency error for UE category NB1 will be ±0.2ppm for carrier frequency ≤1 GHz and ±0.1 for carrier frequency >1 GHz [1] under the condition that a 40ms transmission gap will be inserted for DL synchronization time and frequency synchronization for every 256ms if the NPUSCH transmission repetition is longer than 256ms. Thus, we may assume the frequency error will be bounded with about ±200Hz for carrier frequency ≤ 2GHz when we evaluate the NPUSCH performance. However, the frequency errors for NB-IoT UEs are not expected to be constant, but drifting with time. A frequency error model for BS demodulation performance requirements was discussed in [2], where a frequency error model was formulated with frequency error change linearly within the transmission time. While the frequency error model [2] may be more close to real UE frequency error, it is unclear the impacts of the frequency error on the BS NPUSCH demodulation performance, and whether we can use a simpler frequency error model, such as a static frequency error instead of a frequency error drifting model.

In this paper, we further discuss the NB-IoT UE frequency error model and simulate the impact on the NB-IoT UE frequency error for BS NPUSCH demodulation performance requirements.

Simulation Assumptions
NPUSCH simulation assumptions for initial results alignments without considering frequency error were agreed in RAN4#79AH [3].  In this paper, for the investigation of the impact on the NB-IoT UE frequency error for BS NPUSCH demodulation performance requirements, we will use the scenario No. 2 with FRC R.NB3-2 without HARQ in the simulation investigation. The simulation assumptions of the scenario No. 2 in [3] are shown in the following Table 1 and Table 2.
Table 1: Simulation assumption for NPUSCH format 1
	Simulation number
	BW 
	Singe-/Multi-tone
	Sub-carrier spacing
	repetition level

	Number of tones
	Modulation
(Note 4)
	RFC
	Propagation Condition
	Antenna configuration

	
	
	
	
	
	
	
	
	
	

	2
	180KHz
	Single
	15KHz
	64
	1
	 [BPSK] 
	R.NB3-2 
	ETU1
	1 x 2



Table 2 FRC parameters for NPUSCH for single tone
	Reference channel
	R.NB3-2

	Sub-carrier spacing (kHz)
	15

	Number of tone
	1

	Diversity
	No

	Modulation
	BPSK

	IMCS / ITBS
	0 / 0

	Payload size (bits)
	32

	Allocated resource unit
	2

	Code rate (target)
	1/3

	Code rate (effective)

	0.29

	Transport block CRC (bits)
	24

	Code block CRC size (bits)
	0

	Number of code blocks - C
	1

	Total number of bits per resource unit
	96

	Total symbols per resource unit
	96

	Maximum number of HARQ
	no



To investigate the impact of the frequency errors on NPUSCH demodulation performance, a frequency error model was proposed in [2] with the form of 
        (
Where  is the ideal frequency,  is the frequency error,  = ±0.1ppm for f > 1GHz, and ±0.2ppm for f  1GHz.   ppm/ms.
Above frequency error model requires the frequency errors to be reset each time when a new NPUSCH transmission starts.  To make the simulation easier, instead of using above  frequency error model , here we propose two additional frequency error modes based on the fact that the maximum frequency error should be limited within ±200Hz with the maximum period of 256ms.
Frequency Error Model A: 
Assume  is the absolute subframe number,  is the frequency error at time . The Frequency Error Model A is expressed as following function:


  (

Frequency Error Model B: 
Assume  is the absolute subframe number,  is the frequency error at time  The Frequency Error Model A is expressed as following function:
 
Figure 1 illustrates the two models in describing the frequency errors.  Due to the similarity of the two models, we will present the simulation results with the error model B only in this paper.
Simulation Results
Figure 2 shows the NPUSCH simulation results with above simulation assumptions. The simulation results show that the NPUSCH performance differences between using a static frequency error and the drifting frequency error model may not be significant, e.g., smaller than 0.5dB under the simulation assumptions.
[image: ]
Figure 1. Illustration of two frequency error models.
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Figure 2. Comparison of the NPUSCH simulation results with static and drifting frequency errors.
Conclusion
In this paper, we further discussed the NB-IoT UE frequency error models and the impact on the NB-IoT UE frequency error for BS NPUSCH demodulation performance requirements based on simulation investigation. The simulation results show no significant NPUSCH performance differences between using static frequency error and drifting frequency error model. Thus, we may either static NB-IoT UE frequency error or drifting NB-IoT UE frequency error model in defining the NB-IoT NPUSCH performance requirements.

Proposal 1: Using one of the following drifting NB-IoT UE frequency error model in defining the NB-IoT NPUSCH performance requirements

· Option 1: Static Frequency Error of 
· Option 2: Drifting Frequency Error Model A
Assume  is the absolute subframe number,  is the frequency error at time ,  Frequency Error Model A is expressed as following function:




· Option 3: Drifting Frequency Error Model B 
Assume  is the absolute subframe number,  is the frequency error at time ,  Frequency Error Model A is expressed as following function:


Our preference is Option 1.
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