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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

This contribution addresses the above issues with regard to the operation of a Release 13 narrowband MTC UE. Note that for the discussion is this contribution, the term narrowband MTC UE is equivalent to Rel-13 low complexity (LC) UEs or Rel-13 coverage enhanced (CE) UEs.
2 Discussion
2.1 UE Retuning time
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 also assumed that the UE can be scheduled with less than 6 physical resource blocks (PRBs) and that a  minimum allocation of 1 PRB for both the uplink (UL) and downlink (DL) is supported. Furthermore 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. Clearly the use case for which the TX-to-RX or RX-to-TX switching is at the same frequency will have the lowest latency and furthermore if there are valid TX or RX settings available such that updates to existing control loops in the RX AGC are unnecessary, then the switching time can be relatively fast.
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 usec to settle.

Observation #1:

· 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. As an upper bound a retuning time of 1 slot would be suitable.
2.2  How to handle DC subcarrier

Typically the DC carrier will have an impact at high SNR particularly for homodyne receivers. This was the reason for introducing an empty DL subcarrier for LTE Release 8. However, the issue with having the center UE frequency located on a non-empty subcarrier has occurred already in the context of asymmetric DL carrier aggregation. One simple technique for reducing the impact of the DC is then to average the received signal at this central RX frequency bin over a number of OFDM symbols, such that the residual error is below other noise sources such as the receiver thermal noise. This is deemed to be a feasible technique also for the scenario with a 6 RB receiver located away from the (system) carrier frequency. In addition to this compensation of the DC at the UE center frequency, the UE needs to perform the trivial task of keeping track of which carrier, if any, within the received bandwidth that corresponds to the empty system DC-carrier. Therefore, it is not expected that the DC subcarrier for narrowband MTC will be an issue of concern. 
Observation #2:

· The impact of the DC subcarrier is not expected to be a concern for Release 13 LC UEs.

2.3 Tx-Rx carrier center frequency separation within system bandwidth

As discussed in section 2.1, it is assumed that the UE can be scheduled with less than 6 physical resource blocks (PRBs) and that a minimum allocation of 1 PRB for both the uplink (UL) and downlink (DL) is supported. Furthermore it is expected that retuning of the frequency of a Release 13 LC UE will be required to support frequency multiplexing of users and to support frequency hopping. Thus the UE could be transmitting with full power in a narrow bandwidth close to the (UL) carrier edge. If the TX and RX frequency utilization scheme are not synchronized, the RX frequency may simultaneously be located close to the other (DL) carrier edge, see Figure 1. Thereby the effective duplex distance for the UE may be the smaller than the nominal one for the particular band. It should however be noted that both the 6 PRBs used for the Release 13 LC UE transmitter and receiver both are located within the same RX and TX frequency ranges employed by a legacy UE. It then follows that the worst case desensitization scenarios for a Release 13 LC UE limited to 6 PRB RX ant TX bandwidth are less stringent than those for the a legacy UE, which are already taken care of by legacy core RF requirements. It is thus not expected that the RF core requirements need any relaxations as an effect of the possibly reduced UE duplex distance, 
Observation #3:

· It is not expected that narrowband Release 13 LC UE’s need to take into consideration the impact of the transmit-receive separation on the RF duplex gap.

The scenario under discussion is illustrated in Figure 1 below: 
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Figure 1: Possible narrowband MTC transmit-receive separation 

2.4 Channel Raster within each link

To support objective of supporting narrowband Release 13 LC UE’s with a granularity down to one physical resource block (PRB), Ericsson does not believe there is any impact to the channel raster since the system center bandwidth is the same as before, and it can be assumed that the Release 13 LC UE is not expected to find carriers other than legacy ones.
Observation #4:

· There will not be any impact on the channel raster granularity in order to support narrowband Release 13 LC UEs.
3 Conclusion
This paper discussed the impact of narrowband MTC functionality on the RAN4 requirements of a Release 13 LC UE and highlighted the corresponding impacts. In summary, the following major observations and proposals are made:
Observation #1:

· 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. As an upper bound a retuning time of 1 slot would be suitable.

Observation #2:

· The impact of the DC subcarrier is not expected to be a concern for Release 13 LC UEs.

Observation #3:

· It is not expected that narrowband Release 13 LC UE’s need to take into consideration the impact of the transmit-receive separation on the RF duplex gap.
Observation #4:

· There will not be any impact on the channel raster granularity in order to support narrowband Release 13 LC UEs.
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