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1. Introduction

In RAN1 #74 meeting, details on the new UE category/type for the Rel-12 MTC work item were discussed for the first time [1]. According to Rel-12 MTC WID [2], one objective is to provide a relative LTE coverage improvement for low cost UE category/type and other UEs operating delay tolerant MTC applications. For the coverage enhancement of PRACH, agreements in RAN1 #74 are as follows [1]:

	Agreements:
· Enhancement of PRACH format is required to achieve coverage improvement target
· FFS if new PRACH format(s), new resources, or repetition of existing PRACH format(s) is adopted

Agreements:
· Define one or multiple PRACH coverage enhancement level
· FFS whether or not to use PRACH to indicate coverage level

· Details, such as resource multiplexing (TDM/FDM/CDM) method,  are  also FFS


In this contribution, we discuss our considerations on coverage enhancement of PRACH.
2. PRACH coverage enhancement
In this subsection, we present considerations on PRACH coverage enhancement for low cost MTC UEs. 
2.1 PRACH format enhancement
According to RAN1 #74 conclusions, two approaches for PRACH format enhancement are listed for further study as follows:

Option 1: New PRACH format(s)
Option 2: Repetition of existing PRACH format(s)
In Option 1, a new PRACH format with longer preamble or repeated sequence (similar to PRACH format 2) shall be design to improve coverage. In general, Option 1 can achieve a similar link level performance to Option 2 if the same number of repeated sequences is allocated. The specification impact could be substantial, because a new PRACH formats and new resources need to be defined.

For Option 2, repetition of PRACH preamble in the time domain is a simple method to improve the coverage for low cost MTC due to more overall energy being used for PRACH transmission. Regarding the specification impact, the starting subframe and repetition time may need to be defined and provided by higher layer signalling. New resources could be adopted for repetition of a current PRACH format, for example, format 2. Also, frequency hopping between repetitions for one attempt may be applied to further enhance frequency diversity.
Proposal 1: 
· Repetition of existing PRACH format(s) should be the baseline solution for PRACH coverage enhancement. 
2.2 On PRACH coverage enhancement level
In RAN1 #74, it was agreed to define one or multiple PRACH coverage enhancement levels. Not all MTC UEs need the worst case coverage enhancement, and some UEs may not need coverage enhancement at all. As agreed in Rel-12 MTC WID, relative spectral efficiency impact and cost/power consumption impact should be taken into account. So, it is preferred to support scalable coverage enhancement for PRACH. Multiple PRACH coverage enhancement levels may be defined. Thus, eNB needs to configure one PRACH resources for each coverage enhancement level. The coverage enhanced UE can choose an appropriate PRACH enhancement level based on its coverage requirements, and use the PRACH resources accordingly for one RA attempt. Hence, RAN1 may consider to define multiple PRACH coverage enhancement levels, and use PRACH to indicate coverage enhancement level.
Define PRACH resource set as the time-frequency resources used by the coverage enhanced UE for one RA attempt. Based on PRACH coverage enhancement levels, multiple PRACH resource sets  need to be defined, and the PRACH resource set can be configured in SIB2 or predefined. One PRACH resource set is associated with one PRACH coverage enhancement level. To achieve higher spectral efficiency, one nested structure could be adopted for PRACH resource sets, i.e., for one RA attempt, the PRACH resource set of a lower PRACH enhancement level is the subset of the PRACH resource set of a higher PRACH enhancement level. Besides, PRACH preambles are grouped according to PRACH enhancement levels. For UEs in different PRACH enhancement levels, the PRACH resource sets are code-division multiplexed. For example, UE1 and UE2 which have different PRACH enhancement levels are supported in one cell, then, UE1 and UE2 will randomly select the preambles from different preamble groups for their RA attempts. For UEs in the same PRACH enhancement level, they can randomly select their PRACH preambles from the same preamble group, and the multiplexing manner is the same as that of the Rel-8 system. Besides, frequency hopping could be adopted for  PRACH resources.
An MTC UE could use PRACH to inform an eNB of its coverage enhancement level explicitly or implicitly. For example, based on DL RSRP measurement, an MTC UE could estimate how much coverage enhancement it needs. Since the coverage enhancement "quantity" is associated with the coverage enhancement level, the MTC UE could select the corresponding PRACH resource set based on SIB2 or other pre-defined parameters. Then, the MTC UE chooses the corresponding PRACH preamble on the corresponding PRACH resource set to attempt its random access. Once the eNB detects the PRACH attempt successfully, it can subsequently get UE’s coverage enhancement amount. 

Proposal 2:
· RAN1 should define multiple PRACH enhancement levels, and a nested PRACH resource structure corresponding to multiple PRACH enhancement levels should be adopted, i.e., PRACH resources of a lower PRACH enhancement level for one RA attempt are included in that of a higher PRACH enhancement level.

· For different PRACH enhancement levels, CDM multiplexing manner should be adopted, i.e., UEs randomly select the preambles from different preamble groups.

· For the same PRACH enhancement level, the multiplexing manner is the same as that of Rel-8 system.  

· It should be studied that an MTC UE can implicitly indicate its coverage enhancement amount to the eNB by the selection of PRACH preamble group.
3. Conclusion
In this contribution, we propose:
Proposal 1:
· Repetition of existing PRACH format(s) should be the baseline solution for PRACH coverage enhancement. 
Proposal 2:
· RAN1 should define multiple PRACH enhancement levels, and a nested PRACH resource structure corresponding to multiple PRACH enhancement levels should be adopted, i.e., PRACH resources of a lower PRACH enhancement level for one RA attempt are included in that of a higher PRACH enhancement level.

· For different PRACH enhancement levels, CDM multiplexing manner should be adopted, i.e., UEs randomly select the preambles from different preamble groups.

· For the same PRACH enhancement level, the multiplexing manner is the same as that of Rel-8 system.  

· It should be studied that an MTC UE can implicitly indicate its coverage enhancement amount to the eNB by the selection of PRACH preamble group.
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