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1 Introduction
At the RAN1#79 meeting the following agreement on the support of narrow bandwidth for MTC was reached [1]:

· Support narrow bandwidth operations of 6 RBs in both RF and baseband with possible retuning to another narrowband region (within the cell system bandwidth) for communications.
RAN1 has requested that RAN4 provide information on the retuning time to be allowed for retuning between narrowband regions within the cell system bandwidth.

In addition, RAN1 has also requested that RAN4 consider the following aspects within the context of narrowband retuning and UE multiplexing:

· how to handle DC subcarrier,

· Tx-Rx carrier center frequency separation within system bandwidth

· channel raster within each link

In RAN4#74bis these questions were initially discussed and a reply was sent to RAN1 in [3]. In this contribution we discuss the retuning time between narrowband regions for Rel-13 MTC.
2 Discussion
Based on the RAN1 guidance provided above [1], that narrowband MTC UE operations will:
Support narrow bandwidth operations of 6 RBs in both RF and baseband with possible retuning to another narrowband region (within the cell system bandwidth) for communications,
The following assumptions are taken into account for the discussion that follows.

In addition to the UE supporting up to 6 RB’s, it is expected that retuning of the frequency of LC UE will be required to support frequency multiplexing of users and to support frequency hopping.
From [2] it was observed that for an HD-FDD implementation of an MTC UE, one of the major contributors to the TX-to-RX and RX-to-TX switching time is the settling time of the phase lock loop (PLL) in the Release 13 LC UE transceiver.
However, for a HD-FDD MTC UE one will obviously have to switch between the transmit and receive frequencies and allow the PLL to settle to a defined accuracy. It is possible to design a Release 13 LC UE transceiver such that two PLL’s are employed one for the TX chain and the second for the RX chain, however given that the focus is on a low cost MTC UE, it is assumed that the Release 13 LC UE will only employ a single PLL. For a HD-FDD implementation of a Release 13 LC UE, this single PLL will need to switch frequencies and settle to an agreed accuracy of frequency stability. In order to reach a typical LTE frequency stability of 0.1 ppm, a typical PLL will require a few hundred microseconds to settle.
Furthermore, in RRM requirements the gap length for inter-frequency measurement is 6 ms (as shown in table 8.1.2.1-1 from 36.133), while effective time available for measurement is 5 ms. This means that up to 0.5 ms on each side of the gap is used for switching between serving and non-serving carrier. UEs normally can do it faster than the requirements, as the numbers are based on minimum requirements. Therefore the maximum retuning time is less than 0.5ms or 1 slot.
Table 8.1.2.1-1: Gap Pattern Configurations supported by the UE

	Gap Pattern Id
	MeasurementGap Length (MGL, ms)
	Measurement Gap Repetition Period
(MGRP, ms)
	Minimum available time for inter-frequency and inter-RAT measurements during 480ms period
(Tinter1, ms)
	Measurement Purpose

	0
	6
	40
	60
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x

	1
	6
	80
	30
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x


Furthermore, for Rel-12 low complexity HD-FDD MTC UE, RAN4 agreed that the Rx-to-Tx switching time is up to 1ms if single oscillator is used [4]. This time includes a round trip time that can be up to 667usec. Therefore the remaining time can be assumed to be used for frequency switching. This means that we can assume assume that switching time is around 200-300us.
Observation:

· In order to allow the settling time of the PLL circuitry in the Release 13 LC UE to reach a stable frequency setting, the time to be allowed for retuning between narrowband regions within the cell system bandwidth will need to be on the order of a few hundred microseconds. RAN4 can assume that the retuning time is within 200-300us.
3 Conclusion
In this contribution we discussed the retuning time between narrowband regions for Rel-13 MTC. In summary, the following major observations and proposals are made:
· In order to allow the settling time of the PLL circuitry in the Release 13 LC UE to reach a stable frequency setting, the time to be allowed for retuning between narrowband regions within the cell system bandwidth will need to be on the order of a few hundred microseconds. RAN4 can assume that the retuning time is within 200-300us.
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