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1 Introduction
Support for low-cost machine type communication (MTC) UE based on LTE has been studied extensively in the past few meetings in RAN1 [1]

 REF _Ref319932800 \r \h 
[2]. The main considerations to support low cost MTC UE based on LTE include at least the following aspects [1]:

· Benefit of developing methods for reducing RF component cost in the devices, including (for example) simplifications and reductions in support of bands/RATs/RF chains/antenna ports, transmission power, maximum channel bandwidth less than the maximum specified for respective frequency band, and support of half-duplex FDD mode.

· Benefit of developing methods for reducing the processing in the device, additionally considering baseband-RF conversion aspects, significantly lower peak data rate support, no support of spatial processing mode in uplink/downlink, and reduced radio protocol processing.

· A method to guarantee that any features recommended as part of this study to allow cost reduction, but which also bring a reduction in LTE system performance, shall be restricted to devices which only operate as MTC devices not requiring high data rates and/or low latency, after further careful study.

Specification changes to support such devices should consider these design guidelines to allow backwards compatibility and efficient coexistence of legacy and MTC devices. In order to meet the low cost target with low data rate support, one of the possible techniques is for MTC UEs to support a smaller/reduced channel bandwidth, e.g., 1.4 MHz. This can correspondingly reduce complexity and the cost of RF/IF filters, FFT/IFFT components, ADC/DAC and other digital processing circuitry [4]. The specification impacts and the cost benefits are dependent on how such reduced bandwidth is supported. Support of a dedicated bandwidth for MTC devices does not need any standardization changes. However, support for MTC UEs with narrow bandwidth transmission/reception capability to access a cell with wider system bandwidth could require some specification changes. In our view, such reduced bandwidth operation can be supported with reasonable changes to the specification. 

In this contribution we discuss some potential impacts of bandwidth (BW) reduction options on downlink and uplink channels, and MTC UE’s procedures, such as acquisition of system information.

2 BW configuration options

The impact on UE procedures depends on which bandwidth configuration is supported from following options [3]
· DL

· Option DL-1: Reduced bandwidth for both RF and baseband
· Option DL-2: Reduced bandwidth for baseband only for both data channel and control channels
· Option DL-3: Reduced bandwidth for data channel in baseband only, while the control channels are still allowed to use the carrier bandwidth
· UL

· Option UL-1: Reduced bandwidth for both RF and baseband

· Option UL-2: No bandwidth reduction

· This option does not have any impact on coverage, power consumption, specifications, performance, and UE cost.

MTC UEs cannot decode the legacy PDCCH whose transmission is scrambled over the whole DL transmission bandwidth with Options DL-1 and DL-2. Therefore, normal PDSCHs (including the ones conveying SIB) scheduled via the legacy PDCCHs cannot be decoded by the MTC UEs. The same issue exists for PCFICH and PHICH as well. With DL option 3, legacy PDCCH may be reused, however the cost savings from reduction of BW are reduced. With all the DL options, there is some loss in performance due to loss of frequency selectivity/diversity of the channel, which impacts performance of MTC UEs, though this may be at an acceptable level. 

With UL option 1, the MTC UEs will also see some performance degradation on the uplink due to reduction in frequency selectivity/diversity gains as well (reduced frequency hopping gains). This could lead to loss of some coverage and higher transmit power for MTC UEs, increasing their battery consumption and also potentially increasing the interference in the system. Further, PUCCH efficiency on the uplink may also be affected due to non-contiguous allocation of resources. However, given the very low data rate of MTC UEs, these issues may not significantly impact system performance. In that case, no specification changes may be needed to improve system performance in presence of MTC UEs, although this can be further studied.

The following section further discusses the impact of BW reduction on specific MTC UE procedures, particularly applicable to DL-options 1 & 2 and UL option 1.

3 Impact of BW reduction on procedures of MTC UE
We first briefly review the procedure of how a legacy UE acquires SIBs. In the current specification, the legacy UE acquires SIB1 and SIB2 which are in PDSCH after it decodes PBCH, PCFICH, and PDCCH. SIB1 includes information on operator ID, cell barring, etc., while SIB2 includes information on the random access configuration.
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Figure 1 - Acquiring SIBs in LTE
With reduced bandwidth operation, an MTC UE may not be able to decode legacy PCFICH, PHICH and PDCCH which are spread over the whole bandwidth. Then the procedure for an MTC UE to acquire MIB/SIBs/paging should be considered. In the following, we summarize some aspects of BW reduction that affect such MTC UE procedures.
3.1 PSS/SSS and PBCH/MIB

PSS/SSS/PBCH is transmitted in the center six RBs and demodulated using CRS. Support for MTC UEs may not need significant specification changes with reduced bandwidth operation. Some modification to MIB may be considered e.g, to indicate configuration information (which subframes, frequency location) of a narrowband PDCCH or ePDCCH configured in the center RBs within the reduced bandwidth (which may be used for paging/SIB as described below).
3.2 PDCCH for Paging/SIBs 
The paging and SIB information could be scheduled on the reduced bandwidth with no specification changes. However, for scheduling paging and SIBs, a narrowband PDCCH or ePDCCH configured in the center RBs within the reduced bandwidth may be used (with DL options 1&2). An SPS alternative similar to UMTS may also be considered. This could require some specification changes and needs to be further studied.

3.3 PDCCH for DL/UL grants

For an MTC UE on a reduced bandwidth, PDCCH for scheduling DL/UL grants could reuse e-PDCCH designs or very similar in design with some simplification specific to MTC devices. Further, ePDCCH scheduling may be limited to a reduced bandwidth independent of how PDCCH is scheduled.
3.4 RACH

There may need to be a different RACH process for the MTC UE so that the eNB knows it is not a conventional UEand schedule msg2/msg4. Different preambles/resources can be assigned to MTC UEs compared to conventional UEs to reduce the impact on conventional UE RACH due to MTC UEs. 
3.5 PUCCH

PUCCH support for MTC may not need any specification changes and also no change for UE implementation, although some change may be needed for the eNB scheduler and the implementation due to a separate allocation of PUCCH resource for MTC UEs.
4 Conclusions
This contribution discusses the impact of bandwidth reduction on MTC UE’s procedures, such as acquisition of system information, control channels etc. Based on discussion, we conclude that bandwidth reduction can be handled with reasonable or minimal changes to the specification depending on the DL/UL options supported. Many of the legacy designs, and designs to be adopted under Release-11 WIs can be reused for this purpose.
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