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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]. A reduced UE bandwidth (BW) of 1.4 MHz including an RF BW was identified as one of the most effective components in reducing the UE complexity and cost. Furthermore, the UE power consumption reduction hasn’t been investigated in Rel-12, and thus it is regarded as a new aspect to be considered in Rel-13 low cost MTC. Related to this aspect, the following was suggested at the RAN1#78bis meeting.
· Investigate whether the agreements and working assumptions from Rel-12 low cost MTC WI related to PSS/SSS, PBCH and PRACH are applicable or whether further enhancements are needed.
A reduced UE BW is applied to not only the downlink (DL) but also the uplink (UL). In this document, we focus on the RACH procedure for the UE with a reduced BW. We consider that the most agreements and working assumptions made in Rel-12 could be applied to the Rel-13 LC-MTC discussion although some modifications would be needed considering new aspects of the UE BW reduction and UE power consumption reduction as described in [2] - [3]. Considering these new aspects, we present our views on further refinement of RACH procedures for the Rel-13 LC-MTC.
2. Random Access Procedures for reduced UE BW
A reduced UE bandwidth of 1.4 MHz including an RF bandwidth was considered as one of the most effective components in reducing the UE complexity and cost by many companies. The features related to a reduced UE bandwidth of 1.4 MHz should be designed in such a way that the spectrum efficiency (SE) can be maximized and the NW impact can be minimized. We should also take into account the possibility of the huge number of MTC UEs to be deployed in the LTE networks in the future. One way to achieve these goals is to limit the MTC operation to a reduced UE DL/UL BW of 1.4 MHz and to allow for configuration of multiple sets of a reduced DL/UL BWs from system perspective. The multiple sets of a reduced DL/UL BW would be beneficial in terms of offloading gains and frequency diversity or scheduling gains for the LC-MTC UEs. Below, we describe how to configure and utilize multiple sets of the reduced DL/UL BW. 

A LC-MTC UE in the RRC-idle mode monitors the PBCH. We consider that the legacy PBCH can be reused for both normal coverage and enhanced coverage modes. Namely, the PBCH is transmitted using the central six PRBs of the LTE system BW. According to the PBCH reception, the LC-MTC UE monitors a new system information block (SIB) that is specific to the LC-MTC UEs, which is called MSIB-1 in this document. This new MSIB-1 would be also transmitted using the central six PRBs of the LTE system BW unless the master information block (MIB) on the PBCH is modified. When the multiple sets of the reduced DL/UL BWs are considered for the low cost MTC UEs, information related to center frequencies of the multiple sets could be included in the MSIB-1. With regard to the acknowledgement of the UL carrier frequencies for the legacy LTE UE, its information is indicated to the UE through an ARFCN-ValueEUTRA in the SIB-2. This parameter would be reused to indicate the frequency location for the multiple sets of reduced DL/UL BWs as shown in Fig. 1.

Proposal 1: Allow for indication of multiple sets of reduced DL/UL BW by new SIB defined for the Rel-13 MTC UEs.

Proposal 2: Consider a linkage between a reduced UL BW set and a reduced DL BW set.
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Figure 1 – Configuration of multiple sets of reduced DL/UL BWs.

In our view, a new aspect of the UE power consumption reduction is greatly relevant to enhancement for the spectrum efficiency. Thus, in order to improve the spectrum efficiency and reduce the UE power consumption, enhancement for any physical layer channels should be considered within a reduced UE DL/UL BW of 1.4 MHz. This goal could be achieved by utilizing multiple sets of the reduced DL/UL BWs efficiently. In the RACH procedures, we can consider transmitting the PRACH preambles using multiple sets of reduced UL BW. For example, if the RACH procedure fails, the next PRACH preamble sequence is transmitted using the other set of reduced UL BW. In this case, the UE may have enough retuning time. The Rel-13 LC-MTC UEs can be distinguished by setting different PRACH time/frequency resources from that for the legacy LTE UEs. Therefore, a subsequent random access procedure can also be optimized to the Rel-13 LC-MTC UEs.
Proposal 3: Transmit PRACH using multiple sets of reduced UL BW.

According to the reception of the PRACH preamble by an eNodeB, a random access response (RAR) is sent to the LC-MTC UE. In the LTE system, the RAR is transmitted on the PDSCH which is indicated by the DCI scrambled by the RA-RNTI on the common search space (C-SS) of the PDCCH. Since the PDCCH can’t be assumed by the LC-MTC UEs, an approach to define the C-SS in the EPDCCH would be a straightforward. However, transmission of the DCI in the C-SS may be inefficient and thus can be simplified. For example, the resource allocation field or the level of modulation coding scheme (MCS) would be reduced for the LC-MTC UE. More aggressive approach is that the PDSCH resource containing the RAR would be derived from UL resource where the PRACH is transmitted. In this case, the RAR on the PDSCH is blindly decoded without monitoring the DCI on the C-SS of the EPDCCH.
Proposal 4: Consider the possibility of the RAR being informed by PDSCH with less DCI on the EPDCCH or without EPDCCH. 
After acknowledgement of the RAR at the LC-MTC UE, the LC-MTC UE sends message 3 based on information carried by RAR. In the existing LTE system, the RAR includes the resource allocation field. However, the resource allocation field can be reduced or removed since the UL resources to send the message 3 is limited in multiple sets of the reduced UL BW. In this case, one possible approach is to use the same set of the reduced UL BW for the transmission of message 3 as that for the last PRACH transmission. Figure 2 shows the proposed RACH procedures when two sets of the reduced DL/UL BWs are available.
Proposal 5: Consider to reduce the overhead of RAR and to use the same UL BW set for the transmission of message 3 as that for the last PRACH transmission.
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Figure 2 – RACH procedure for multiple sets of reduced DL/UL BWs.

3. Conclusion
In this contribution, we presented our initial views on random access procedures for the Rel-13 LC-MTC UEs. In order to maximize the spectrum efficiency for the reduced DL/UL BW, high-level target design is to limit the MTC operation to a reduced UE DL/UL BW of 1.4 MHz and to allow for configuration of multiple sets of a reduced DL/UL BWs from system perspective. Based on this framework, we proposed the following features related to random access procedures.
Proposal 1: Allow for indication of multiple sets of reduced DL/UL BW by new SIB defined for the Rel-13 MTC UEs.

Proposal 2: Consider a linkage between a reduced UL BW set and a reduced DL BW set.

Proposal 3: Transmit PRACH using multiple sets of reduced UL BW.

Proposal 4: Consider the possibility of the RAR being informed by PDSCH with less DCI on the EPDCCH or without EPDCCH. 

Proposal 5: Consider to reduce the overhead of RAR and to use the same UL BW set for the transmission of message 3 as that for the last PRACH transmission.
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