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1. Introduction
A new WI on low cost and enhanced coverage MTC UE for LTE was approved in the RAN#60 meeting [1], and few agreements were made during past meetings. Although RAN2 assumes to support all existing functionality for the low cost MTC, the RACH procedure may need to be changed due to the limited capability of low cost MTC.
In this contribution, we try to provide the possible RACH procedure for the low cost MTC UE, and try to make several agreements to complete the WI.

2. Discussion
2.1 Limited capability of low cost MTC UE
Before we discuss on the RACH procedure, we first need to understand the capability of the low cost MTC UE. Here is the general objective of the WI from the WID:

	· Specify a new UE category/type for MTC operation in all LTE duplex modes supporting the following capabilities:

· 1 Rx antenna.

· Downlink and uplink maximum TBS size of 1000 bits.

· Reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband, while the control channels are still allowed to use the carrier bandwidth. Uplink channel bandwidth and bandwidth for uplink and downlink RF remains the same as that of normal LTE UE.


As highlighted in yellow above, the low cost MTC UE can only receive PDSCH from 1.4 MHz which corresponds to the 6 PRBs. This means that UE can only receive the Msg2 and Msg4 from the 1.4 MHz, and the eNB must allocate uplink resources for the Msg2 and Msg4 to the 1.4 MHz for the low cost MTC UE.

Currently, RAN1 is discussing the change of the maximum TBS size to e.g. 2200 bits, and depending on the discussion result, the size of reduced downlink channel bandwidth may also be varied accordingly. 

Observation: The low cost MTC UE may only be able to receive PDSCH (including the Msg2 and Msg4 in RACH procedure) with a restriction of the TB size and bandwidth. Details still to be determined by RAN1.
2.2 RACH procedure for the low cost MTC UE
As described above, for the low cost MTC UE, an eNB must allocate downlink resources for the Msg2 and Msg4 with certain restrictions. However, before completing the RACH procedure, eNB cannot recognize whether the UE is a low cost MTC UE or not. To solve the problem, following approach could be possible during the RACH procedure:

· Approach #1: A low cost MTC UE uses orthogonal resources for the Msg1. eNB sends following downlink data (including Msg2 and Msg4) considering the restrictions only in case of a low cost MTC UE.

· Approach #2: A low cost MTC UE shares same RACH resources for the Msg1, and eNB sends Msg2 considering the restrictions for all UEs (i.e. both low cost MTC UEs and normal UEs). If RAN1 relaxes the restrictions (e.g. larger TB size), the approach #2 would become more feasible.
· Approach #2-1: Msg3 carries the category information (e.g. by introducing new LCID), and Msg4 can be handled properly for the low cost MTC UE. That is, Msg4 is transmitted considering the low-cost UE restrictions if required.
· Approach #2-2: UE sends the same Msg3 as a normal UE, and the Msg4 for all UEs is transmitted considering the restrictions (fragmented if needed). Network will know the UE’s category when the capability information is transmitted to the E-UTRAN (same as normal UE).
We do not have a specific preference on the above possible alternatives, but would like to discuss which one would be feasible for the low cost MTC UEs.
Proposal: RAN2 should discuss which RACH procedure would be feasible for the low cost MTC UEs, and notify the agreements to RAN1 WG. The possible RACH procedure would be:
· Approach #1: A low cost MTC UE uses orthogonal resources (e.g. different codes, time/freq resources) for the Msg1.

· Approach #2: A low cost MTC UE includes its category information in the Msg3 (e.g. by using new LCID). Msg4 is transmitted considering the low-cost UE restrictions if required.
· Approach #3: A low cost MTC UE performs same RACH procedures as a normal UE’s. UE sends the same Msg3 as a normal UE, and the Msg4 for all UEs is transmitted considering the restrictions (fragmented if needed)
3. Conclusion
Observation: The low cost MTC UE may only be able to receive PDSCH (including the Msg2 and Msg4 in RACH procedure) with a restriction of the TB size and bandwidth. Details still to be determined by RAN1.
Proposal: RAN2 should discuss which RACH procedure would be feasible for the low cost MTC UEs, and notify the agreements to RAN1 WG. The possible RACH procedure would be:

· Approach #1: A low cost MTC UE uses orthogonal resources (e.g. different codes, time/freq resources) for the Msg1.

· Approach #2: A low cost MTC UE includes its category information in the Msg3 (e.g. by using new LCID). Msg4 is transmitted considering the low-cost UE restrictions if required.
· Approach #3: A low cost MTC UE performs same RACH procedures as a normal UE’s. UE sends the same Msg3 as a normal UE, and the Msg4 for all UEs is transmitted considering the restrictions (fragmented if needed)
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