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1 Introduction

Rel-13 eMTC design assumes support of half-duplex FDD (HD-FDD) UEs that are not capable of simultaneous reception and transmission on DL and UL bands. A number of recent papers in 3GPP RAN4 have discussed the aspect of robustness of the uplink design of half-duplex UEs from the point of view of performance in deep coverage enhancement (CE) mode with a large number of UL repetitions. Specifically, it has been shown in [1], [2] that extended uplink operation leads to frequency errors, and this is exacerbated by variation in temperature: both in the environment around the UE as well as a consequence of the power amplifier heating over the period of continuous transmission.
This contribution shares our views on the need for UL transmission gaps for HD-FDD UEs towards enabling them to monitor DL RS and/or synchronization signals to correct their frequency synchronization during long bursts of eMTC transmissions when in extreme coverage.

2 Discussion
M-PUSCH transmissions may span very long time duration due to a large number of repetitions. Consequently, the M-PUSCH transmission may span more than a few seconds (e.g., 2+ seconds) of absolute time. 

According to LTE specifications, a UE is expected to maintain 0.1ppm of frequency synchronization accuracy during connected mode of operation. While this is typically possible as the UE can periodically perform tracking and make corrections to any drifts in the oscillator due to temperature variations during such prolonged periods based on monitoring of the DL RS and synchronization signals, such an option is not available at the eMTC UEs due to the half-duplex constraint. Even though it may be possible to maintain 0.1ppm accuracy requirement using much more expensive XTAL oscillators with integrated temperature sensors, such assumptions should not be made for eMTC devices. Instead, it can be expected that eMTC UEs would use less expensive XTAL oscillators that may lead to drift rates of the order of 2ppm in 2 seconds.  This issue has been identified in RAN4, and an LS to RAN1 has been sent to clarify the expected UE behaviour [3].
One way to enable HD-FDD eMTC UEs to monitor DL to track and correct frequency drifts would be to introduce time gaps within the duration of the long transmission burst, especially for UEs in extreme coverage conditions. In this work, we refer to such time gaps as Uplink Compensation Gaps (UCGs).  Figure 1 below shows a generic illustration of the configuration and operation with UCG during long M-PUSCH transmissions.
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Figure 1: An illustration of an example configuration and operation with UCG during M-PUSCH transmissions 

(Note: time durations not drawn to scale)
The definition of the UCG can be similar to the UCG definition agreed for NB-IoT. The periodicity of such gaps may be specified or configured in a cell-specific manner.    We observe that this same issue is applicable to M-PRACH, where repetitions are also used to mitigate enhanced coverage SNR conditions.
In the NB-IoT Work Item a similar issue has been discussed; an LS from RAN1 has defined the UCG framework in [4], and a set of evaluation assumptions have been agreed in RAN4 in [5].  It is reasonable to expect that RAN1 may agree to handle this issue in the same manner for eMTC; in fact, it is preferable from a specification consistency point of view.

Observation 1: The handling of continuous transmissions by HD-FDD UEs should be harmonized across eMTC and NB-IoT specifications

Observation 2: It is reasonable to expect that the parameters of the compensation gap may differ for eMTC from NB-IoT

In order to facilitate a timely conclusion of the eMTC Work Item, it may be helpful for RAN4 to agree on a working assumption of an evaluation framework for the eMTC UCG parameters.  Such an evaluation should target the following objectives:

Maximum length of a continuous UL transmission evaluation
Objective: to evaluate the maximum length of a continuous UL transmission (NB-PUSCH or NB-PRACH) that can be successfully demodulated by the eNodeB without UE frequency or timing compensation
Gap length evaluation

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

Gap applicability

Objective: to determine the applicability of UCG parameters to CE level (when UE performs PRACH) and to CE Mode (when UE has a CE Mode configured)

Observation 3: It may be beneficial for RAN4 to agree on a working assumption that the UCG will be defined for eMTC and to initiate a study with the goal of defining the UCG parameters at the next meeting; this working assumption should be confirmed by an LS from RAN1 (i.e. if RAN1 does not define a UCG for eMTC, then the working assumption becomes invalid)
3 Conclusions
In this contribution we presented our views on the need for UL transmission gaps for HD-FDD eMTC UEs towards enabling them to monitor DL CRS to correct their frequency synchronization during long bursts of MPUSCH or MPRACH transmissions when operating under coverage extension conditions. Our views are summarized via the following observations:

Observation 1: The handling of continuous transmissions by HD-FDD UEs should be harmonized across eMTC and NB-IoT specifications

Observation 2: It is reasonable to expect that the parameters of the compensation gap may differ for eMTC from NB-IoT
Observation 3: It may be beneficial for RAN4 to agree on a working assumption that the UCG will be defined for eMTC and to initiate a study with the goal of defining the UCG parameters at the next meeting; this working assumption should be confirmed by an LS from RAN1 (i.e. if RAN1 does not define a UCG for eMTC, then the working assumption becomes invalid)
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