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1 Introduction

Rel-13 NB-IoT 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 towards enabling them to monitor DL RS and/or synchronization signals to correct their frequency synchronization during long bursts of NB-PUSCH transmissions when in extreme coverage.

2 Discussion
As mentioned in the Introduction section, for NB-IoT UEs in extreme coverage, NB-PUSCH transmissions may span very long time duration due to a large number of repetitions as well as due to time-expansion of each rate-matched code block due to transmission using as few as a single subcarrier with 3.75 kHz subcarrier spacing. Consequently, the NB-PUSCH transmission may span more than a few seconds (e.g., 4+ 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 NB-IoT 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 NB-IoT devices. Instead, it can be expected that NB-IoT UEs would use less expensive XTAL oscillators that may lead to drift rates of the order of 2ppm in 2 seconds.

Thus, one way to enable HD-FDD NB-IoT 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). 
Observation 1:

· Maintaining 0.1ppm of frequency accuracy during prolonged UL transmission bursts spanning multiple seconds can be extremely challenging and expensive, if not impossible, for NB-IoT UEs with half-duplex constraint.
Following the motivation of specifying UCGs for NB-IoT UEs, in this section, we describe some simple options to support such a feature.
Accordingly, UEs may be configured with UCG when the UE’s coverage level is worse than or the number of repetitions is above a certain threshold. This threshold can either be specified or configured via higher layer cell-specific signaling (e.g., SIB signaling). 

Configuration of the UCG can include a length of the UCG and a periodicity, while the starting subframe of the UCG can be defined relative to the starting subframe of the NB-PUSCH transmission. Further, it may be beneficial to try to align the UCG occurrence such that the UCG duration includes the transmission of the primary and/or secondary synchronization signals (NB-PSS/NB-SSS) and/or the NB-PBCH subframes so as to enable easier tracking and correction of the any frequency drift.

Figure 1 below shows a generic illustration of the configuration and operation with UCG during long NB-PUSCH transmissions.
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Figure 1: An illustration of an example configuration and operation with UCG during NB-PUSCH transmissions 

(Note: time durations not drawn to scale)
The exact pattern of the UCG can be based on existing measurement gaps, e.g., spanning a duration of 6ms. The periodicity of such gaps may be specified or configured in a cell-specific manner. As an extreme example, only a single UCG may be configured approximately at the middle of the entire UL burst (including all repetitions of the rate-matched block). However, the exact time-offset with respect to the starting subframe of the UL burst can be configured in a UE-specific manner via higher layers.

Further, the UCG may only appear in between complete sets of repetitions of the rate-matched block in order to not affect any symbol-level combining, e.g., if subframe-level repetition is supported.
In terms of the exact periodicity and duration of the gaps, it is recommended to investigate the expected length of NB-PUSCH bursts after which transmissions by HD-FDD NB-IoT UEs lead to an unacceptable demodulation error rate at the eNodeB as well as to determine the number of samples needed by the UE to effectively compensate the frequency and timing.

We observe that this same issue is applicable to NB-PRACH, where repetitions are also used to mitigate extreme coverage SNR conditions.
An alternative to the configuration of UCG can be to specify UE-specific valid/available UL subframe configurations to realize gaps within long bursts in a manner similar to [3]. 

3 Proposed Way Forward
In this contribution we presented 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 NB-PUSCH transmissions when in extreme coverage. Our views are summarized via the following proposals:

Proposal 1: HD-FDD NB-IoT UEs, when continuously transmitting NB-PUSCH or NB-PRACH bursts of sufficient length (or repetition level), are not expected to maintain the frequency accuracy requirement of 0.1 ppm without network assistance.
Proposal 2: Further investigation by RAN4 is needed to determine the expected length of NB-PUSCH and NB-PRACH bursts after which transmissions by HD-FDD NB-IoT UEs lead to an unacceptable demodulation error rate at the eNodeB.

Proposal 3: A potential network assistance mechanism to address this issue is to introduce an uplink compensation gap (UCG) that interrupts continuous transmissions and gives the UE an opportunity to retune to DL operation and to compensate its frequency and timing.  RAN4 to investigate the gap length and pattern which would enable the HD-FDD UE to compensate its frequency and timing.
Proposal 4: RAN4 to inform RAN1 in an LS regarding the above.
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