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Frequency offset model for Cellular IoT
[bookmark: _Ref396137062]Introduction
In the feasibility study Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things (FS_IoT_LC) [1] discussions have been started on the modelling and tolerances of frequency drift in ultra-low complexity devices. 
The purpose of this contribution is to continue these discussions, and investigate the uplink (UL) frequency offset model proposed in [2] for a device implementation based on a temperature controlled crystal oscillator (TCXO). In detail the contribution describes a possible implementation of the TCXO model, and presents performance for UL packet data traffic channels (PDTCH) when adding this model to the list of impairments considered for the GSM Evolution candidate technique.
TCXO Frequency offset model [2]
[bookmark: _Ref403552637]Interpretation of proposal in [2]
In [2] it is proposed to model the TCXO frequency offset as;
  
Where the following interpretation is proposed in case of the GSM Evolution candidate technique; 
· FEstErr equals the frequency estimation error after reading the SCH, and is a technology specific drift,
· ΔFidle equals the frequency drift between reading SCH and first UL transmission,
· ΔTidle equals the time between reading SCH and first UL transmission,
· ΔFTX equals the frequency drift during UL transmissions, and,
· ΔtTX equals the time duration of the UL transmissions.
A preliminary set of parameter values for GSM Evolution is presented in Table 1. The Normal (N) and Uniform (U) distributions are used to generate new values for each new repetition period. 
[bookmark: _Ref403551315]Table 1 GSM Evolution parameter setting for TCXO model.
	Parameter
	Setting
	Comment

	FEstErr
	N(0,3) Hz
	A normal distributed estimation error can be achieved after detecting SCH at an MCL of 167 dB [3].

	ΔFidle
	0.01 ppm/s
	Corresponds to 9 Hz at the GSM 900 band. Setting taken from [2].

	ΔTidle
	U(0.0012, 0.1442) s
	After reading the SCH the first available RACH transmission occurs after 2 TS. If 321 RACH repetitions are needed then it may in worst case take 31 TDMA frames + 2 TS before a RACH opportunity emerges. See figure 1 in [4] for details of organization of RACH channel.

	ΔFTX
	0.025 ppm/s
	Corresponds to 22.5 Hz at the GSM 900 band. Setting taken from [2]

	ΔtTX
	U(0, 0.7385)
	Assuming that a UL transfer contains between 1 and 220 bytes, implies that CS-1 requires 1-10 radio blocks. At full allocation 10 radio blocks can be transmitted over 160 TDMA frames using 321 repetitions.

	NOTE1: It is assumed in this document that 32 blind repetitions are at most used. The maximum number of repetitions is not determined yet, and is still TBD.



Figure 1 illustrates the impact of the chosen parameter settings in Table 1 on the resulting TCXO frequency offset. 
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[bookmark: _Ref403552236]Figure 1 Typical TCXO frequency drift expected for GSM Evolution.
The sourcing company welcomes input from other companies on the above interpretation of the TCXO model from [2].
GSM Evolution performance
To verify the performance of GSM Evolution when a device has been implemented using a TCXO a set of UL PDTCH simulations has been executed. Table 2 highlight some important simulation setting assumptions used in this evaluation.
[bookmark: _Ref396217628]Table 2.  Simulation assumptions.
	Parameter
	Value

	MCS
	CS-1

	Channel 
	TU Error! Reference source not found.

	Mobile speed
	1.2 km/h

	Band 
	GSM 900

	Impairments
	Typical RX and TX.
Frequency offset modeled;
- According to Section 2.1 , or
- With fixed offset at 90Hz.

	AFC
	Range of possible frequency offsets detected [-100,100] Hz

	Number of repetitions
	32



Figure 2 show results which indicate that the detailed TCXO model in Section 2.1 gives performance comparable with a fixed frequency offset of 90Hz, which is equivalent with the current GSM frequency accuracy requirement of 0.1 ppm [4]. 
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[bookmark: _Ref403570714]Figure 2 GSM Evolution UL CS-1 performance for 32 repetitions when assuming a TCXO device implementation.
Summary
In this contribution GSM Evolution performance has been presented when assuming an UL frequency accuracy corresponding to a device implementation based on a TCXO frequency source as proposed in [2]. The results show that the detailed TCXO model in Section 2.1 gives performance comparable with a fixed frequency offset of 90Hz, which is equivalent with the current GSM frequency accuracy requirement of 0.1 ppm.. The sourcing company welcomes input from other participants in the FS_IoT_LC study on these results and the interpretation of the TCXO model [2] used in this contribution.
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