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1
Introduction
Discussions in the Rel-13 eMTC WI [1] regarding continuous uplink transmissions [2] have resulted in the following agreements [3]:
· The handling of frequency synchronization during continuous transmissions by HD-FDD UEs shall be harmonized across eMTC and NB-IoT specifications

· It is reasonable to expect that the values of parameters of the compensation gap may differ for eMTC from NBIoT

· UCG will be defined for eMTC and a study will be initiated with the goal of defining further details of UCG at the next meeting

· The UEs that don’t need UCG, shall be enabled to operate without UCG implementation.
An LS to RAN1 on this topic provided the same background along with the following action [4]:

RAN4 asks RAN1 to take note of the agreement of RAN4. Accordingly, RAN4 asks RAN1 to specify UL compensation gaps, including related UE behaviour

In the currently ongoing Rel-13 NB-IoT WI [5] this topic has also been discussed [6] with the following outcome captured in an LS to RAN1 [7]:
RAN WG4 would like to thank RAN WG1 for the LS on uplink transmission gaps in NB-IoT.

RAN WG4 has discussed the issue and has made the following conclusion:

· The transmission period, X, should be [256]ms.

· The UL transmission gap Y duration should be [40]ms.

· This value can be revisited if a significant issue has been identified on this gap duration.

This paper presents Intel’s simulation results of the UCG parameters for eMTC.
2
Discussion
The following objectives had been agreed for the UCG parameter evaluation in NB-IoT [6] and can be used as a useful reference:

Continuous uplink transmission time evaluation (X)
Objective: to evaluate the maximum length of a continuous UL transmission (MPUSCH or MPRACH) that can be successfully demodulated by the eNodeB without UE frequency or timing compensation
Compensation gap length evaluation (Y)
Objective: to evaluate the minimum length of a DL transmission of NB-RS that can allow the UE to estimate the frequency and timing offsets with the specified accuracy
A detailed evaluation of the length of a continuous UL transmission is expected to be performed by the network infrastructure vendors, since the metric of merit depends on the demodulation performance of uplink channels.  One key parameter that is relevant for the gap length evaluation, however, is the frequency error model and the starting frequency error that the UE experiences upon switching from UL operation to DL.  In our simulation we have considered a number of starting frequency error values.
Observation 1: As an assumption on the UE crystal oscillator frequency error model, we assume no temperature compensation and a low-cost part, resulting in the worst-case frequency drift of 1 ppm per second.

The design of the UCG is based on the UE’s ability to receive the CRS signal and to estimate the frequency offset from these REs.  During the compensation gap, we assume that the UE receives Y consecutive subframes and uses the CRS signal to estimate the downlink signal’s frequency offset.
We considering three initial frequency error scenarios:

1. 900 Hz (0.45 ppm at 2 GHz)

2. 500 Hz (0.25 ppm at 2 GHz)
3. 300 Hz (0.15 ppm at 2 GHz)

The frequency offset error estimator performance was tested at {-12, -15} dB SNR. Figure 2 below illustrates the convergence of the estimator vs. time in AWGN conditions.
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Figure 2: Frequency offset error vs. time (AWGN)
Observation 2: The initial frequency error of 0.45 ppm cannot be corrected to a reasonable accuracy
Observation 3: With SNR = -12 dB the initial frequency error of 0.25 ppm can be corrected to an accuracy of 0.2 ppm within less than 40 ms and to an accuracy of 0.1 ppm within 150 ms

Observation 4: With SNR = -15 dB the initial frequency error of 0.25 ppm can be corrected to an accuracy of 0.2 ppm within 80 ms; to reach an accuracy of 0.1 ppm a gap greater than 250 ms is needed
Figure 3 below illustrates the simulation results under fading (ETU-1 Hz) conditions.
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Figure 3: Frequency offset error vs. time (ETU-1 Hz)

Observation 5: The initial frequency error of 0.45 ppm cannot be corrected to a reasonable accuracy Observation 6: With SNR = -12 dB the initial frequency error of 0.25 ppm can be corrected to an accuracy of 0.2 ppm within 40 ms; to reach an accuracy of 0.1 ppm a gap greater than 250 ms is needed
Observation 7: With SNR = -15 dB the initial frequency error of 0.25 ppm can be corrected to an accuracy of 0.2 ppm within 80 ms; to reach an accuracy of 0.1 ppm a gap greater than 250 ms is needed
3
Conclusions

Based on the above observations, the following recommendations can be made:

Recommendation 1: Based on the simulation results in ETU-1 Hz, it is recommended to relax the frequency accuracy requirement for eMTC to 0.2 ppm
Recommendation 2: If the frequency accuracy requirement is relaxed to 0.2 ppm, then the length of a continuous UL transmission should be set such that the maximum initial frequency offset is not much more than 0.25 ppm at the end of a continuous uplink transmission; assuming a low-cost oscillator with a frequency drift of 1 ppm per second and also keeping in mind that the number of uplink repetitions is quantized by power-of-two values, it is therefore recommended that the UCG period (i.e. the maximum length of a single continuous UL transmission) should not exceed 256 ms

Recommendation 3: Based on the simulation results in ETU-1 Hz, it is recommended that the UCG parameters should target a DL operating point of -12 dB SNR
Recommendation 4: Based on the simulation results in ETU-1 Hz, it is recommended that the UCG length should be set to 80 ms

Recommendation 5: If the frequency accuracy requirement cannot be relaxed, then the length of a continuous UL transmission should be set such that the maximum initial frequency offset is not much more than 0.15 ppm at the end of a continuous uplink transmission; assuming a low-cost oscillator with a frequency drift of 1 ppm per second and also keeping in mind that the number of uplink repetitions is quantized by power-of-two values, it is therefore recommended that the UCG period (i.e. the maximum length of a single continuous UL transmission) should not exceed 128 ms
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