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1 Introduction

RAN1 received an LS from RAN4 [1] regarding the potential application of uplink compensation gaps (UCGs) for HD-FDD eMTC (Cat M1) UEs in order to allow them to retune to DL and correct the LO drift resulting in frequency offset during uplink transmissions (of PUSCH and PRACH) with a large number of repetitions. Specifically, RAN4 asked:
To RAN WG1 and to RAN WG2: RAN WG4 respectfully asks RAN WG1 to clarify the expected eMTC UE behaviour.

1. Is RAN1 considering the introduction of any mechanism for maintaining frequency and timing accuracy in eMTC, for example similar to the mechanism used in NB-IoT?
In this contribution, we share our views on this issue following the decisions made in RAN1 in the context of NB-IoT. Based on the discussions and proposals in this contribution, a draft LS response is provided in [2].
2 Maintaining frequency and time accuracy for HD-FDD eMTC UEs
As was discussed in the context of NB-IoT [3], for UEs in deep coverage, the UL transmissions (PUSCH or PRACH) can be expected to use a large number of repetitions, and thus span a long duration. For HD-FDD UEs, this implies an inability to monitor the DL RS, synchronization signals (PSS/SSS), etc. to estimate and correct the timing synchronization and frequency offset. While it may be possible to maintain good frequency accuracy if temperature compensated crystal oscillators (TCXO) are used, complexity and cost reduction are some of the key requirements for HD-FDD Cat M1 UEs, and similar to the case of NB-IoT UEs, it would be extremely beneficial if HD-FDD eMTC UEs can be supported using less expensive XTAL oscillators without mandating them to incorporate the more expensive variants like TCXO.

For the case of NB-IoT, RAN1 agreed to support a fixed UL gap defined by a gap period and a gap length, the values of which are currently being determined by RAN4. Specifically, RAN1 agreed on the following [4]:
· Introduce uplink transmission gaps for long uplink (i.e. NB-PUSCH/NB-PRACH) transmissions. 

· During uplink transmission gaps, the UE may switch to the DL and performs time/frequency synchronization

· Uplink transmission gap is defined by a period X and a gap length Y.  

· A minimum period Xmin is defined in the specifications

· FFS whether other periods X > Xmin are defined

· Y > 0

· All uplink transmissions of duration greater than or equal to X msec applies transmission gap with gap length Y and periodicity X until the uplink transmission completes

· The values of the period X and gap length Y are defined in the specifications

In addition to the UL gap period and gap length values, another detail being discussed in RAN4 is on the frequency accuracy requirement for NB-IoT UEs from 0.1 ppm to a higher value considering operation in extremely low SINR conditions.

However, compared to NB-IoT UEs, for the case of eMTC, due to the somewhat less extreme coverage targets, the required frequency accuracy may be maintained same as that specified for LTE, i.e., 0.1ppm.

Lastly, note that for PUCCH transmissions for eMTC UEs, a large number of repetitions and prolonged transmissions are not expected, e.g., the maximum number of repetitions for PUCCH for UEs in CE mode B is 32.

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 HD-FDD eMTC UEs.
3 Mechanism to enable time/frequency tracking for HD-FDD eMTC UEs

Considering the background in the previous section, in order to allow HD-FDD eMTC UEs to be able to retune to DL for time/frequency tracking during long PUSCH and PRACH transmissions, the most straightforward approach seems to be considering following the mechanism agreed for NB-IoT. 

Specifically, UL gaps can be defined for eMTC such that the UE applies UL gaps of length Y ms with a gap period of X ms whenever the corresponding UL transmission spans longer than X ms. In order to avoid any additional RAN2 work at this late stage, it is recommended that the values of X and Y are fixed in the RAN1 specifications, and similar to the case of NB-IoT, RAN4 can determine the respective values.

While we acknowledge that it may be beneficial to have support of capability signaling to indicate whether a UE may need UL gaps or not, e.g., depending on whether the UE used TCXO and can avoid large frequency drift during long transmissions, this may result in additional impact to RAN2 work and considering the time constraints for the WI in Rel-13, we may consider such optimizations in the next Release. 

Further, considering the ongoing work in RAN4 for UL gaps for NB-IoT, and if similar assumptions on the accuracy of XTAL oscillator are made (i.e., 1 ppm frequency drift per second without any temperature compensation), it can be expected that the UL gap period (X ms) would be not less than 128 ms. Note that the maximum number of repetitions for PUSCH for eMTC UEs in CE mode A is 32. Thus, effectively, the application of UL gaps for eMTC would be limited to UEs in CE mode B.

Proposal 1
· UL compensation gaps are introduced for eMTC UEs long uplink (i.e. PUSCH/PRACH) transmissions.
· During the UL gaps, the UE may switch to the DL and performs time/frequency synchronization

· The UL gap is defined by a gap period (X ms) and gap length (Y ms)

· The values of X and Y are to be determined by RAN4 and are fixed in the specifications.

In general, the values of X and Y for eMTC can be different from those for NB-IoT. For the gap length (Y ms), this is easy to see since the eMTC UE can be expected to perform the time tracking and frequency drift correction within a much shorter time duration compared to that for NB-IoT due to 6 PRBs of observed BW (compared to 1 PRB for NB-IoT UEs) and expected better “worst case SINR” conditions (target MCL of 155 dB for eMTC compared to 164 dB for NB-IoT).

On the other hand, if the frequency accuracy requirement is maintained at 0.1ppm, then it may be necessary to define a gap period such that the frequency drift doesn’t exceed 0.15 ppm. Thus, the value of X may be expected to be within the range of 128 to 256. However, these details should be best considered and discussed by RAN4 as part of their investigations to define the respective values. 

Observation 2
· Introduction of UL compensation gaps is not expected to impact eMTC UEs in CE mode A or those UEs that only support CE mode A.
Proposal 2
· Send an LS response to RAN4 indicating RAN1 support for the introduction of UL gaps for HD-FDD eMTC UEs with long UL transmissions (of PUSCH and PRACH) and asking them to determine the values of the maximum duration of continuous UL transmission and the UL gap length for eMTC UEs.
4 Conclusions

In this contribution, we presented our views on the issue of enabling time/frequency tracking for HD-FDD eMTC UEs during long UL transmissions. Based on the presented discussion, our views are summarized by the following observations and proposals:
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 HD-FDD eMTC UEs.
Observation 2
· Introduction of UL compensation gaps is not expected to impact eMTC UEs in CE mode A or those UEs that only support CE mode A.
Proposal 1
· UL compensation gaps are introduced for eMTC UEs long uplink (i.e. PUSCH/PRACH) transmissions.
· During the UL gaps, the UE may switch to the DL and performs time/frequency synchronization

· The UL gap is defined by a gap period (X ms) and gap length (Y ms)

· The values of X and Y are to be determined by RAN4 and are fixed in the specifications.

Proposal 2
· Send an LS response to RAN4 indicating RAN1 support for the introduction of UL gaps for HD-FDD eMTC UEs with long UL transmissions (of PUSCH and PRACH) and asking them to determine the values of the maximum duration of continuous UL transmission and the UL gap length for eMTC UEs.
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