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1. Introduction

An LS was received from RAN4 on Continuous Uplink Transmission in eMTC[1]. RAN WG4 has discussed the issues associated with frequency and timing synchronization between HD-FDD eMTC UEs and the eNodeB in the case of continuous uplink transmission. RAN4 asked the following question:
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?
This document provides our view in response to the aforementioned LS.
Note: this Tdoc is a revision of R1-164289. This revision includes editorial corrections related to references. 
2. Discussion
The maximum PUSCH repetition level that can be used by eMTC is 2048, as defined in TS36.213:
Table 8.2c: PUSCH repetition levels (DCI Format 6-0B)

	Higher layer pararameter
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	Not configured
	{4,8,16,32,64,128,256,512}

	192 
	{1,4,8,16,32,64,128,192}

	256 
	{4,8,16,32,64,128,192,256} 

	384 
	{4,16,32,64,128,192,256,384} 

	512 
	{4,16,64,128,192,256,384,512} 

	768 
	{8,32,128,192,256,384,512,768}

	1024 
	{4,8,16,64,128,256,512,1024} 

	1536 
	{4,16,64,256,512,768,1024,1536}

	2048 
	{4,16,64,128,256,512,1024,2048}


It can observed that the maximum number of repetition is 2048. This high number of repetitions can be equivalent to an uplink transmission of maximum 2048 ms or around 2 seconds. The time duration of such a transmission can be even longer in the case that the network indicates invalid uplink subframes.
In NB-IoT, there was a study on frequency tracking for long NB-PUSCH transmission [2]
. It was observed that in a long NB-PUSCH transmission, the UE would not be able to correct the frequency error that is mainly generated by the local oscillator instability. In the RAN1 AdHoc2 in Sophia Antipolis, it was agreed to insert transmission gaps during long NB-PUSCH transmissions [3]
. During uplink transmission gaps, the UE may switch to the DL and perform time/frequency synchronization.
Observation 1: An eMTC UE with HD-FDD operation is expected to use a similar local oscillator as in NB-IoT. Therefore, the issue of frequency stability in a continuous uplink transmission also exists in eMTC UE.
Proposal 1: In order to maintain frequency and timing accuracy in eMTC, eMTC needs to adopt a similar uplink transmission gap mechanism as used in NB-IoT when eMTC operates in an HD-FDD mode.
eMTC basically shares the same physical resources with legacy LTE. During uplink transmission gap, the UE may switch to the DL. It must be ensured that the UE can receive a valid DL subframe(s) in order to perform frequency offset estimation during the UL transmission gap. For example, the UL transmission gap should be aligned with subframes containing reference symbols (CRS) and not MBSFN subframes. 

Another consideration for eMTC UL transmission gap, is that eMTC has 6 times wider bandwidth than NB-IoT. Hence it is expected that the uplink measurement gap in eMTC can be shorter than for NB-IoT. The CRS resources within 6 RBs can be used to estimate the frequency error. Other signals / channels transmitted by the eNB, such as M-PBCH, PSS/SSS can also be used.
Observation 2: The uplink transmission gap of eMTC is expected to be shorter than NB-IoT due to eMTC’s larger bandwidth operation.
Proposal 2: The UL transmission gaps in eMTC should be aligned with a valid DL subframe, preferably a subframe containing CRS and PBCH, SSS or PSS.

3. Conclusion 
In this contribution we discussed continuous uplink transmission in eMTC and made the following observations and proposals:

Observation 1: An eMTC UE with HD-FDD operation is expected to use a similar local oscillator as in NB-IoT. Therefore, the issue of frequency stability in a continuous uplink transmission also exists in eMTC UE.

Observation 2: The uplink transmission gap of eMTC is expected to be shorter than NB-IoT due to the eMTC larger bandwidth operation.

Proposal 1: In order to maintain frequency and timing accuracy in eMTC, eMTC needs to adopt a similar uplink transmission gap mechanism as used in NB-IoT when eMTC operates in an HD-FDD mode.
Proposal 2: The UL transmission gaps in eMTC should be aligned with a valid DL subframe, preferably a subframe containing CRS and PBCH, SSS or PSS.
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