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1 Introduction
An LS on support of narrowband operation for MTC was sent by RAN1 to consult re-tuning time and other relevant information which could provided by RAN4. In this contribution, we discuss this issue from RAN4 RF point of view and provide some relevant information to RAN1.
2 Discussion
In this section, we briefly discuss the issues for operating in narrow RF bandwidth within the cell system bandwidth in UE for MTC operation and identify potential standard work for RAN4 RF. Narrow bandwidth means any channel bandwidth smaller than cell system bandwidth.
2.1 Retuning time

For the operation of narrow bandwidth of RF, UE may need a period of time for retuning between narrowband regions within the cell system bandwidth, e.g. retune its oscillator from centre frequency of the cell system bandwidth to receive PSS/SSS/PBCH to any other frequency to receive its traffic signal. Retuning time has been discussed in several topics in RAN4, e.g. inter-frequency measurement gap, Scell configured/activated time, HD-FDD RX/TX switching time for MTC in Rel-12.
For UE retuning between narrowband regions within the cell system bandwidth, AGC circuitry may not need to be triggered because of the same path loss between UE and its served BS. Only PLL settling time needs to be considered and based on previous discussion a typical period under 350us is shown to be enough.
2.2 DC subcarrier
LTE downlink signal has one more DC subcarrier in the center of carrier than LTE uplink signal. This central subcarrier is reserved to avoid poor performance in DC when UE operates in system bandwidth of RF because of LO leakage considering zero IF UE receiver architecture. If UE operates in narrow bandwidth of RF and retunes its center frequency away from the system center frequency (BS operating frequency), the performance of central subcarrier(s) in narrow bandwidth will be impacted by the LO leakage. The central subcarrier(s) performance loss in narrowband carrier should be highlighted for RAN1 in order to guide their physical layer design.
2.3 Tx-Rx frequency separation
The default E-UTRA TX to RX carrier centre frequency separation is specified in Table 5.7.4-1 in TS36.101. But it is also noted that the use of other TX to RX carrier centre frequency separation is not precluded. If Rel-13 LC-MTC UE could configure narrowband carrier in any carrier frequency for uplink and downlink within the cell system channel bandwidth, TX to RX frequency separation would be a little different from the default separation as in Figure 1. Existing RF requirement such as REFSENSE is specified for default TX to RX separation; whether new RF requirement is required needs further discussion.
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Figure 1 TX to RX separation
2.4 Channel raster
Channel raster of 100kHz defines the UE scanning frequency step when UE wants to access to a network. If Rel-13 LC-MTC UE access to the network with narrowband RF, it still scans frequency as 100kHz raster and access at the centre frequency of system bandwidth to receive PSS/SSS firstly, so the channel raster requirement would not be impacted. The centre frequency of narrowband carrier retuning within the cell system channel bandwidth do not need to comply with channel raster requirement. But it requires UE to have the capability of retuning its oscillator to a new centre frequency as in Figure 2. Three possible cases are shown in Figure 2 and which case will be accepted depend on RAN1 decision. Whether new frequency raster requirement is required needs further discussion.
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Figure 2 Retuning frequency distance
3 Conclusion
Operating in narrow RF bandwidth within the system bandwidth in UE is analyzed in the discussion part and the issues are summarized in below table.
Table 1 Summary of narrow bandwidth RF and system bandwidth RF
	
	Narrow RF bandwidth 
	System RF bandwidth 

	Retuning time
	Needed, ~350us
	Not needed

	DC subcarrier
	The central subcarrier(s) in UE will be impacted by the LO leakage.
	No impact

	Tx-Rx frequency separation
	New RF requirement may required for new TX-RX separation
	No impact

	Channel raster
	Whether new frequency raster requirement is required needs further discussion.
	No impact
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