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1. Introduction

According to the completion of the Rel-12 work item (WI) on low cost MTC for LTE, a new Rel-13 work item regarding further physical layer enhancement for MTC was approved at the RAN#65 meeting [1]. One of the main objectives for this WI includes further UE complexity reduction as indicated below.
· Specify a new Rel-13 low complexity UE category/type for MTC operation in any LTE duplex mode (full duplex FDD, half duplex FDD, TDD) based on the Rel-12 low complexity UE category/type supporting the following additional capabilities:

· Reduced UE bandwidth of 1.4 MHz in downlink and uplink.

· …
· Reduced maximum transmit power.

· …
· Reduced support for downlink transmission modes.

· The following further UE processing relaxations can also be considered within this work item:

· …
In addition to reducing UE complexity, some other general aspects such as coverage, UE power consumption, network (NW) impact and spectrum efficiency (SE) should also be taken into account when investigating the list of candidate techniques. The techniques that retain a reasonable balance among these aspects should be identified for specification. In this contribution, we present our initial views on techniques which are considered to be the most effective in reducing the UE complexity and we show the target design for the Rel-13 low cost MTC which maximizes the SE and minimizes the NE impact.
2. Candidate Schemes for Further Cost Reduction 
In the approved WID [1], there is a list of candidate techniques as shown below. We give our views on each technique.

· Reduced UE bandwidth of 1.4 MHz in downlink and uplink
· From our viewpoint, a reduced UE bandwidth of 1.4 MHz including an RF bandwidth would be one of the most effective components in reducing the UE complexity and cost. Thus, this approach should be primarily studied as a complexity reduction technique. On the other hand, this approach clearly deteriorates the SE of the Rel-13 low cost MTC UE since the LTE bandwidth (BW) cannot be fully utilized. We also note that this approach has more or less of an impact on the NW operation. Hence, design for a reduced UE bandwidth of 1.4 MHz should be targeted in such a way that the SE can be maximized and the NW impact can be minimized. One way to achieve these goals is to utilize the LTE system BW effectively as shown in Fig. 1(b) since the WID states that BW reduced UEs should be able to operate within any system BW. Details regarding such an operation are described in Sect. 3. 
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Figure 1 – Operation for reduced UE BW.

· Reduced maximum transmit power
· As described in the WID, this aspect is left to the discretion of RAN4, and RAN1 should wait for RAN4 input.

· Reduced support for downlink transmission modes (TMs)

· It is not really clear how much of a reduction in UE complexity can be achieved by applying this approach solely. This approach would be effective when it is considered together with the BW reduction since the TM would be naturally narrowed down to the DM-RS-based TM for the reduced UE BW. However, we note that the CRS-based TM may also be needed for broadcast transmission such as the PBCH.
Proposal 1: RAN1 should further investigate physical layer designs that maximize the spectrum efficiency and minimize the NW impact for the reduced UE bandwidth of 1.4 MHz.
3. General Consideration for Rel-13 Low Cost MTC 
As discussed in Sect. 2, to reduce the UE complexity, it is highly preferred for a low cost MTC UE to be operated within such a limited BW. Therefore, the goal for the reduced UE BW is to maximize the spectrum efficiency even though UE operation is limited within such a reduced BW. The impact on the NW can be minimized by limiting the resources for the low cost MTC UE to the reduced PRBs while allowing the eNodeB scheduler to use those resources for the LTE UEs when available. Since there is a limitation on improving the SE for a given narrow frequency BW of 1.4 MHz, it is desired that the whole LTE BW be utilized by some means in order to obtain the frequency diversity gain for lower data rate transmissions. Therefore, we consider that applying frequency-hopping would be worth investigating to understand the level of frequency diversity gain. High level system design for the reduced UE BW in the downlink is shown in Fig. 2. Synchronization signal, i.e., PSS/SSS, and system information, i.e., PBCH, would be transmitted and received over the central six PRBs of the system BWs in the same way as the legacy LTE UE. Subsequent system information, i.e., SIB, may also be transmitted using a newly-defined common search space (C-SS) on the E-PDCCH over the central six PRBs of the system BWs. However, there is the possibility to transmit a C-SS on the EPDCCH using different locations of the system BW to achieve a frequency diversity gain over multiple subframes for the UE in a coverage enhancement mode. Such PRBs for frequency hopping would be pre-determined or configured by higher layer signaling. Regarding a UE-specific SS (U-SS) on the EPDCCH, a frame structure similar to the C-SS can be considered and frequency hopping can also be applied. According to the detection of the downlink control information (DCI), e.g., the DL assignment, the downlink data that are allocated within the six PRBs on the PDSCH are detected. For the resource allocation, some sort of modification to the resource allocation would be necessary since the granularity of the resource allocation for the low cost MTC UE is different from that for legacy LTE. For example, low cost MTC UEs are configured with two sets of six PRBs and one of the sets and PRBs in the set are dynamically indicated in a cross-subframe scheduling manner using the DCI. In this way, a frequency diversity gain would be achieved while the size of the DCI can be curtailed. 
In the above frequency hopping operation or dynamic resource allocation in the frequency domain, there may be some potential issues to be resolved. One issue is the RF re-tuning to different frequency locations. One possible solution is to reserve the first three OFDM symbols for re-tuning since the UE with a reduced BW does not need to monitor the legacy PDCCH. We note that, although one subframe is used for re-tuning for the half duplex mode low cost MTC UE in Rel-12, it is worth investigating reduction in such a re-tuning time for the case of frequency-hopping operation or dynamic resource allocation. Another potential issue is how to achieve synchronization and time- and frequency-tracking after re-tuning. Further feasibility studies regarding re-tuning, synchronization and time- and frequency-tracking would be needed. 
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Figure 2 – Example of downlink frame structure for reduced UE BW.

Proposal 2: Feasibility studies on frequency-hopping and dynamic resource allocation should be performed for the reduced UE BW. 

4. Conclusion
According to a new work item on further physical layer enhancement for MTC, in this contribution, we presented our views on further UE complexity reduction. Among the list of candidate approaches, we consider that the reduced UE BW is worth further investigation considering the degree of UE complexity and cost reduction. For such a reduced UE BW, our target would be to maximize the spectrum efficiency while minimizing the impact on the legacy LTE network. As a consequence of the discussion in this contribution, we propose the following.
Proposal 1: RAN1 should further investigate physical layer designs that maximize the spectrum efficiency and minimize the NW impact for the reduced UE bandwidth of 1.4 MHz.
Proposal 2: Feasibility studies on frequency-hopping and dynamic resource allocation should be performed for the reduced UE BW of 1.4 MHz. 
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