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1. Introduction
As part of the Release-13 work item on MTC in LTE [1], complexity reduction, coverage enhancement and power consumption reduction techniques are being considered. Reducing the bandwidth of an MTC UE can significantly reduce the complexity of the UE and reduce the MTC UE’s power consumption.
This contribution describes Sony’s view on how reduced bandwidth MTC UEs can be supported within the wider bandwidth of a legacy carrier. Once a framework for the support of reduced bandwidth MTC UEs has been agreed, RAN1 should be able to map other complexity reduction, coverage enhancement and power consumption reduction techniques to that framework.
2. Proposed Release-13 MTC Enhancements

From the perspective of the support of consumer electronics type (CE-LTE) devices, [2], [3] and [4] provide Sony’s views on the complexity reduction, coverage extension and power consumption reduction techniques that should be supported by Release-12 MTC UEs. Smart meter type (SM-LTE) devices should support at least this set of techniques and other techniques in addition to support the more extreme demands of the smart meter type applications.

The following subsections summarise the techniques that should be supported in Release-13 for MTC devices (in particular) CE-LTE devices. These techniques are reasonably straightforward to support, but the operation MTC UEs in a reduced bandwidth needs more consideration. These reduced bandwidth aspects are considered in more detail in section 3.
2.1
Complexity Reduction Techniques

The following complexity reduction techniques should be supported by Release-13 MTC devices.
· Transport block size of 1000 bits

· UE RF bandwidth of 1.4MHz

· Maximum UE transmit power sufficient to allow a single chip implementation. The maximum UE transmit power is in the range of 17 – 20dBm

· DL transmission modes TM1 and TM2

· No simultaneous reception of multiple transmissions

· QPSK and 16QAM modulation schemes

· Wideband aperiodic CQI reporting modes supported

2.2
Coverage Extension Techniques

The following coverage extension techniques should be supported by Release-13 CE-LTE MTC devices.
· PUSCH: 6dB coverage improvement through PSD boosting or repetition

· PRACH: 3dB coverage improvement through relaxation of requirements or repetition

2.3
Power Consumption Reduction Techniques

The following RAN1 related power consumption reduction techniques should be supported by Release-13 CE-LTE MTC devices.
· Reduction of PDCCH processing load

· Support of high over the air (OTA) rates

· Restrictions on the undertaking and transmission of measurement reports

· Reduction of feedback signaling while still enabling efficient eNodeB scheduling

3.
Reduced Bandwidth Data and Control Channels
Sections 3.1 and 3.2 provide an overview of how reduced bandwidth data and control channels can be supported within the wider bandwidth of a legacy LTE carrier. This overview is replicated from [2]. 

Section 3.3 provides more detail on the structure and operation of the reduced bandwidth data and control channels.  
3.1
Downlink
Figure 1 illustrates the insertion of a reduced bandwidth narrowband region within the carrier bandwidth of a legacy LTE carrier. The narrowband region contains the same set of features as the legacy carrier, but occupies a narrower bandwidth, and some of the channels are moved in time (to avoid an impact on the legacy control channel region). 
Depending on the number of MTC UEs in the cell, the legacy carrier can assign several narrowband regions, with one of the narrowband regions potentially being a primary narrowband region. The assigned narrowband regions can operate independently of one another, but the initial connection to the cell might be through a primary narrowband region, followed by the UE being “handed over” to another narrowband region. In this way, the number of MTC UEs that may be supported by the legacy carrier is not limited to the 1.4MHz reduced bandwidth.

Figure 1 shows a primary narrowband region occupying the central region of the legacy carrier and a secondary narrowband region. This mode of operation might be simplest, but the narrowband region does not necessarily have to straddle the central region of the legacy carrier: it can occupy any location within the bandwidth of the legacy carrier. 

Reduced bandwidth UEs are assumed to be able to decode the PSS / SSS / PBCH of the legacy carrier (which are naturally narrowband) and these channels do not need to be replicated in the narrowband region.

The reference symbols of the legacy carrier can be read by reduced bandwidth UEs occupying the narrowband region. 

When the narrowband region straddles the central subcarriers of the legacy carrier, no special consideration needs to be given to DC subcarrier issues. If the narrowband region is not centrally located within the legacy carrier, the reduced bandwidth MTC UE is still not required to demodulate a DC subcarrier: via a straightforward remapping of the locations of the reference symbols to the MTC UE’s DC subcarrier, the MTC UE will be able to decode a non-centrally located narrowband region.

Procedurally, the narrowband region can be operated in a similar manner to the legacy carrier.
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Figure 1 – Downlink: use of a narrowband region for MTC UEs within a legacy carrier
3.2
Uplink
Figure 2 illustrates the use of a narrowband region within the carrier bandwidth of a legacy LTE UL carrier. 
In a similar way to downlink operation, the reduced bandwidth MTC UE transmits reduced bandwidth versions of LTE physical channels. 

The narrowband region can be located anywhere within the bandwidth of the legacy carrier, provided it does not clash with the location of the legacy PUCCH. The location of the narrowband region is under the control of the eNB, but the most likely choice of location is towards one extremity of the PUSCH region of the legacy carrier. This choice of location avoids the PUSCH resource of the legacy carrier being fragmented. The uplink narrowband region is arranged as frequency-separated PUCCH regions surrounding PUSCH resource that can either be allocated to reduced bandwidth MTC UEs or legacy UEs.

Reduced bandwidth devices may either use the PRACH of the legacy carrier (after switching frequency) or may contain their own PRACH resource within the narrowband region.
As per the downlink narrowband region, procedurally the uplink narrowband region operates in a similar manner to the legacy carrier, but those procedures are mainly mapped to the narrowband region itself.
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Figure 2 - Uplink: use of a narrowband region for MTC UEs within a legacy carrier
3.3
Details of Individual Narrowband Data and Control Channels

Table 1 provides Sony’s views on the details of the narrowband data and control channels that operate within the narrowband region of the legacy LTE carrier.
Table 1 – Details of Individual Narrowband Data and Control Channels
	Channel
	Narrowband operation

	PDCCH


	The narrowband UE cannot use the legacy control channel region since the legacy control channel region is wideband in nature. Two alternatives to the legacy PDCCH are:
· Narrowband PDCCH in a separate set of symbols to the legacy PDCCH (Figure 1)

· Variant of ePDCCH

The ePDCCH was designed to address issues related to high bandwidth, high capability UEs that are not applicable to the MTC case. It was designed without a common search space and there would need to be significant discussion to design a CSS whereas a symbol-shifted narrowband PDCCH already has a CSS defined.

The ePDCCH was designed with the following objectives in mind:

· Limited PDCCH capacity in CoMP scenarios. Our baseline assumption is that MTC UEs won’t be mandated to support advanced features such as CoMP.
· Support of increased resource assignment payload size. In contrast MTC devices should be operating with the minimum resource assignment payload size in order to support many UEs and simplify UE decoding.
· Interference avoidance / co-ordination / frequency partitioning on the control channels.
· MU-MIMO and beamforming of control channels. For complexity reduction reasons, it is assumed that MIMO and beamforming transmission modes are not supported by the MTC UE.
· Resource granularity. The resource granularity of PDCCH within a 1.4MHz bandwidth (assuming 2 OFDM symbols assigned to the legacy PDCCH) is 1/12 = 8%, whereas the resource granularity of ePDCCH is 1/6 = 16%. Hence the narrowband PDCCH has a better resource granularity than the ePDCCH.
The design objectives of the ePDCCH do not seem to align well with the design objectives of MTC. Shifting the symbol position of the narrowband PDCCH away from the legacy PDCCH seems like a simpler solution and should give similar performance to the ePDCCH.
The narrowband PDCCH (and all downlink narrowband channels for that matter) occupy the PDSCH resource space of the legacy carrier and appears to be PDSCH resource to legacy UEs.

	PHICH


	The PHICH functionality is required to signal acknowledgements of UL data transmissions back to the UE. A narrowband PHICH can be embedded within the resource element space of the narrowband PDCCH in a similar manner to legacy operation.

	PCFICH


	The PCFICH may not be required. If required, it can be embedded in the resource element space of the narrowband PDCCH, as for the narrowband PHICH.

	PDSCH


	The narrowband PDSCH is scheduled using the narrowband PDCCH. The narrowband PDSCH occupies the PDSCH resource space of the legacy carrier, with the start symbol of the PDSCH being either semi-static or indicated by a narrowband ePDCCH.

The narrowband PDSCH can be scheduled with localized resources within the narrowband region, however localized resource allocation is not expected to be a useful technique since it relies on UL feedback signaling (which will increase UE battery consumption) and there is inherently not a significant amount of frequency diversity in the reduced RF bandwidth in the first place.


	PBCH


	The PBCH of the legacy carrier is narrowband in nature and can be read by the reduced bandwidth UEs with little modification to the MTC UEs. If the narrowband region is not centrally located within the legacy carrier, spare bits in the PBCH could be used to signal the location of the narrowband region.

	PSS / SSS


	The PSS / SSS of the legacy carrier are narrowband in nature. Once the UE has decoded PSS / SSS and camped on the cell, it does not need to keep reading PSS / SSS. Hence once the UE has camped on the cell, it can occupy a narrowband region that does not necessarily overlap with the PSS and SSS. The narrowband region does not need to replicate the PSS / SSS.

	PUCCH


	The PUCCH for the MTC UE cannot occupy the extremes of frequency that the legacy PUCCH occupies due to the bandwidth restriction of the MTC UEs. To maximize frequency diversity, the narrowband PUCCH is assumed to occupy subcarriers within the outer PRBs of the narrowband region and the narrowband PUSCH is allocated in the inner PRBs. 

The narrowband region PUCCH can be semi-statically assigned, under the control of the eNodeB, to any location within the bandwidth of the legacy carrier. The eNodeB would never schedule legacy UEs within the PRBs occupied by the narrowband PUCCH.

	PUSCH


	The narrowband PUSCH can occupy the PRBs inside the PRBs occupied by the narrowband PDCCH. As for the narrowband PDSCH, the narrowband PUSCH could be locally scheduled within the narrowband region, but this is not expected to be a useful technique since there is little frequency diversity in some channels in a 1.4MHz bandwidth and the SRS signaling used to support localized scheduling may be a drain on UE battery resources.

When the resources of the narrowband region are not being assigned to reduced BW MTC UEs, they can be reassigned dynamically to legacy UEs.



	PRACH


	The legacy PRACH is inherently narrowband in nature. The narrowband UE could reuse the legacy PRACH, provided it re-tuned from the narrowband PUCCH region to the legacy PRACH region before sending PRACH. This re-tuning procedure is unlikely to be an onerous task since the UE should not need to transmit PRACH if it currently has available PUCCH and PUSCH resources.

Alternatively, a separate MTC PRACH could be supported within the narrowband region, for exclusive use by reduced bandwidth MTC UEs.




4.
Conclusions
Reducing the RF bandwidth of MTC UEs will enable lower cost, lower power consumption MTC LTE devices to be designed consumer electronic (CE-LTE) and smart meter (SM-LTE) type MTC devices.

Reduced bandwidth MTC UEs can be supported within the wider bandwidth of a legacy carrier by mapping the Release-12 physical channels to a narrowband region occupying a susbset of the OFDM symbols in the DL and to all of the OFDM symbols in the UL.
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