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Uplink transmission gaps has been introduced in NB-IOT (cat NB1) [1] . It has also been proposed for eMTC (cat M1) and a WF was decided [2]:
· 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 NB-IoT;
· 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.
UL transmission gaps is also discussed in RAN1. A WF is decided in [3]. Corresponding LS is sent to RAN4 [4].
This tdoc is discussing frequency drift of HD-FDD eMTC (cat M1) UE under a long continuous uplink transmission, considering that the UE may use a low cost oscillator.  RAN1 agreed to provide uplink compensation gaps for such a transmission in order to provide opportunities for the UE to correct its frequency offset using the downlink signals 

Agreement in RAN1
In order to allow for eMTC UEs in HD-FDD mode to maintain frequency synchronisation with the network during long UL continuous transmission, RAN1 has agreed to insert transmission gaps [3]. Corresponding LS is sent to RAN4 [4]:

	· UL compensation gaps are defined similar to Rel-13 NB-IoT for HD-FDD eMTC UEs by a gap period (X ms) and gap length (Y ms).
· The gaps are defined at least for PUSCH and possibly (to be decided by RAN4) PRACH
· From RAN1 perspective, it may be beneficial to align the values of X and Y with the maximum frequency hopping granularity
· The UEs that don’t need UL compensation gaps shall be enabled to operate without UL compensation gaps implementation.
· 1 bit in the capability report of the UE is used to indicate that the UE needs UL gaps.
· From RAN1 point of view, it is beneficial if the bit can also be provided as early as possible, e.g. in Msg3 or Msg5
· UL compensation gaps are used for at least for Msg3 and possibly for PRACH (if gaps are supported for PRACH) during initial access regardless of the UE capability if the corresponding transmission duration exceeds X ms.
· For PRACH (if gaps are supported for PRACH), use of UL gaps may depend not only on X but also on PRACH configuration – to be determined by RAN4
· During the UL gap durations, the corresponding PUSCH and PRACH (if gaps are supported for PRACH) transmissions are dropped.



To RAN4:
ACTION: 	RAN1 respectfully asks RAN4 to take the above RAN1 agreements into account. RAN1 also asks RAN4 to determine: (i) the values of X and Y for eMTC UEs considering worst case coverage, and, (ii) whether UL compensation gaps are needed for PRACH transmissions, and if so, whether the use of UL compensation gaps depends also on PRACH configurations.

Outline
This document considers the following aspects related to UL transmission gaps:
· Transmission period, X
· Transmission gap duration, Y 
Discussion
[bookmark: _Ref458781024]Frequency error 
For NB-IOT the following frequency error was agreed [5].
Table 6.5.1F-1: Frequency error requirement for UE category NB1
	Carrier frequency [GHz]
	Frequency error [ppm]

	≤1
	±0.2

	>1
	±0.1



The motivation is that for bands under 1 GHz the absolute frequency is at most 200Hz and the impact on system performance is negligible since system performance is related to absolute frequency rather than relative frequency error. The frequency drift, however is relative and it will therefore be a significant relaxation for the reference oscillator since the design for a cat MI UE is very similar to the one for a cat NB1 UE. It is therefore proposed to specify the same frequency error for cat M1 as specified for cat NB1.
Proposal 1: The frequency error requirement for cat M1 shall be the same as for cat NB1
[bookmark: _Ref447633571]The total allowed frequency error in Hz will depend on the carrier frequency. During a continuous UL transmission it is a combination of the starting frequency error (also called residual frequency tracking error) and frequency drift during transmission. The residual frequency error is the error remaining after the previous synchronisation period. 
As will be shown below the worst case is the lowest frequencies. For bands defined for cat M1 this will be B31 (452.5MHz) for bands below 1GHz and B11 (1427.9 MHz) for bands above 1GHz. With proposal 1 the allowed total absolute frequency error will be 90.5Hz (B31) respectively 142.8Hz (B11). 
Transmission Gap Duration, Y
During the UL transmission gap, the UE is expected to switch to the DL frequency, estimate and compensate the frequency error, and switch back to the UL frequency and continue the transmission. It is expected that the frequency error estimation dominates the total uplink transmission gap. The required duration of the transmission gap, Y, could be estimated based on either the time to perform initial synchronisation (based on the PSS / SSS signals and receiver synchronisation algorithms), or the time required for the UE frequency tracking algorithms (based on reference signals) to obtain adequate frequency tracking.

In our analysis, we estimate the transmission gap duration, Y, based on the time required by the frequency tracking algorithm. When the UE performs frequency offset estimation and correction (e.g. in connected mode), it is assumed that the UE has performed the initial synchronization stage and successfully decoded PBCH. A UE can regenerate the known signals (e.g. PSS/SSS, and BCH) and re-use these signals for frequency tracking purposes. This brings advantage that the known signals can be used as reference symbols to assist frequency offset estimation. 
The residual RMS frequency error is the remaining error after a frequency synchronization. This will also be the initial frequency error when the transmission period X starts. There is a trade-off between synchronization time (i.e. UL transmission gap duration Y) and residual frequency error. According to our analysis a residual RMS frequency error of 50Hz, independent on carrier frequency, could be obtained for a frequency synchronisation period 10ms. The assumed SNR is -14dB. The detailed analysis is found in [8]. 
Proposal 2: The UL transmission gap duration should be defined not more than [10] ms.
Observation 1: The residual frequency error is an absolute error independent on carrier frequency.
Since the residual frequency error is independent of carrier frequency it will be a larger portion of the total allowed frequency error for lower frequencies. Therefore, the lowest frequencies (below and above 1GHz respectively) will be the worst case. For cat M1 lowest defined bands are B31 (below 1GHz) and B11 (above 1GHz) respectively. Note that for frequencies below 500MHz (B31) a residual frequency error of 50Hz is ≥ 0.1ppm, which is another argument to change the specification as proposed in section 2.1.
Observation 2: The lowest frequency (below and above 1GHz respectively) will put the toughest constraints on transmission period. For cat M1 this will be bands B31 and B11 respectively.
Transmission Period, X
The UL transmission period (X) should be designed such that the UE can maintain its frequency error within specification, where there is an initial frequency error and a frequency drift during the transmission period. To determine the maximum UL transmission period, X, the drift of the output frequency of the UE’s crystal oscillator, measured in Hz / sec need to be estimated. The drift of output frequency depends significantly on the temperature change of the UE during transmission. In this document, we only consider this effect. The temperature change is mainly due to self-heating where the PA is the main heat generator.
For a low cost crystal oscillator, a typical oscillator frequency versus temperature characteristic is:

Where t = actual temperature
t0 = 30°C
a ≈ -0.3
b ≈ ±0.0005
c ≈ 0.0001
The derivative of the crystal oscillator characteristic gives the frequency drift versus temperature. For NB-IOT (cat NB1) a temperature range of -10°C to +55°C was considered [1]. It is proposed to define the same temperature range for eMTC (cat M1). 
Proposal 3: Ambient temperature range for cat M1 in extreme condition shall be defined as -10°C - +55°C
Based on the existing commercial local oscillator characteristics, the drift is considered within ±0.3ppm/°C for this temperature range.

Considering a device with a weight of 0.6g and a heat capacity of 1J/K/g (~plastic and glass), for a dissipation power during transmit of 500mW:
1. Temperature gradient ≈ 0.8°C/s
1. Frequency drift f/f/s ≈ 0.25 ppm/s

Assuming a residual frequency error of 50Hz [8] after the synchronization period there will be 40,5Hz (B31) respectively 92.8Hz (B11) left for frequency drift to be inside the proposed specification (±0.2 and ±0.1ppm respectively). This will lead to a maximum transmission time of 358ms for B31 and 260ms for B11 assuming a frequency drift of 0.25 ppm/s and the proposed maximum frequency error of ±0.2ppm (B31) and  ±0.1ppm (B11) respectively.
Proposal 4: The transmission period, X, should be defined not more than [256] ms.
Conclusion
In this contribution we have considered aspects of UL transmission period and transmission gaps for eMTC cat M1 and make the following observations and proposals.
Observation 1: The residual frequency error is an absolute error independent on carrier frequency.
Observation 2: The lowest frequency (below and above 1GHz respectively) will put the toughest constraints on transmission period. For cat M1 this will be bands B31 and B11 respectively.
Proposal 1: The frequency error requirement for cat M1 shall be the same as for cat NB1.
Proposal 2: The UL transmission gap duration should be defined not more than [10] ms.
Proposal 3: Ambient temperature range for cat M1 in extreme condition shall be defined as -10°C - +55°C.
Proposal 4: The transmission period, X, should be defined not more than [256] ms.
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