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1
Introduction
For MTC, 20dB link budget improvement is required to provide coverage for the meters deployed in the basement. Some of the meters have power supply, while others such as gas meters are operated on battery. One obvious way to increase coverage is to extend the transmission time, e.g. bundling by ~100 times, but such extended bundling has large impact on system efficiency and power consumption [1]. 
So far, the MTC coverage enhancement is mostly focusing on a single link between one eNB and one MTC device. An alternative approach is to leverage the current deployment trend and other RAN1 design topics of HetNet, CoMP, and small cells. In [2], we proposed enhancements to small cells for all uplink channel link budget improvement. As shown in [3], with these enhancements, ~10 dB link budget improvement can be achieved in the simulated cases. 

In this contribution, we present RACH channel design to allow such link budget improvement for all uplink channels.

2
RACH Coverage Improvement through Enhancements to Small Cells 
2.1
Decoupled DL-UL Operation for MTC
As discussed in [2], we propose decoupled DL-UL operation for MTC for coverage enhancements. Figure 1 shows the decoupled operation of MTC, where UL is served by the closest node, and DL is served by the strongest node. All DL and UL configuration and scheduling information is signalled from the DL serving cell to the MTC, while uplink transmissions are received by the UL serving cell. Such operation can be transparent to MTC devices as well as the core network. 
The backhaul information exchange between LPN and Macro cell is required for such an operation. Since MTC traffic is delay tolerant and infrequent, there is no requirement for fiber or fast backhaul connection between the Macro and LPNs. Note that such decoupled operation is not feasible for regular traffic, as the 4 ms HARQ turn around time is too stringent for practical backhaul delays. For MTC traffic, HARQ_less operation or relaxed HARQ response time can be supported. 
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Figure 1 Decoupled DL-UL Operation for MTC
2.2
Impact on RACH Design
In order to allow decoupled operation for RACH procedure as well as data communications, eNB and LPN can exchange information for a separate RACH configuration, e.g. MTC_RACH.  
As one example, the Macro cell broadcasts its specific MTC_RACH configuration and informs the LPN. If LPN detects RACH with the specific MTC_RACH configuration, it informs the Macro cell through backhaul connection. Macro cell can select the closest LPN as the uplink serving cell, then signal to the MTC device with the DL/UL scheduling information and configuration. 

Note that for severly link budget limited MTC devices, its uplink transmission may only be detected by the closest cell, i.e. closest LPN in this case. The specific MTC_RACH configuration allows MTC to associate with the closest cell for all uplink transmissions, including RACH Msg 1, 3, 5 and data communications after RRC connection. 
In areas where dense LPNs are already deployed for capacity improvement, such operation allows both link budget improvement as well as energy saving from MTC devices.  The alternative approach with bundling would require design of new RACH sequences with at least 10 times increase of transmission time. 
3
Conclusion

In this contribution, we presented the RACH design to allow decoupled DL and UL operation of small cells. As shown in [2, 3], such operation can significantly improve coverage for all UL channels. Based on these results, we propose:

Proposal:

Consider RACH enhancements to allow decoupled UL and DL operation for coverage enhancements for all UL channels for MTC applications. 
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