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1. Introduction

In the Rel-12 MTC WID [1], one objective is to provide a relative LTE coverage improvement for low cost UE category/type and other UEs operating delay tolerant MTC applications. Based on TR 36.888, the PRACH needs a maximal 14dB coverage enhancement, while having a single receive antenna can lead to a 4dB loss. For the coverage enhancement of PRACH, agreements in RAN1 #74bis are as follows [2]:

	Agreements:
· For PRACH multiplexing scheme, CDM, and/or TDM and/or FDM are supported.
· After the initial random access procedure, for a physical channel using repetition, the repetition level is up to network.

· Multiple PRACH repetition levels are supported
· FFS: For initial random access, there is one to one mapping between PRACH repetition level and PRACH resource set. UE selects a PRACH repetition level and transmits the PRACH preamble using the PRACH resource set according to the selected PRACH repetition level
· FFS: details of PRACH resource set, repetition levels

· FFS: details of random access procedure including initial selection for repetition level

· FFS during initial random access procedure if repetition level associated with transmission of Msg2/3/4 can be semi-statically configured, dynamically signaled, or predefined.
· Continue investigations on frequency of initial random access with specific proposals how UE will determine PRACH repetition level for initial access, how respective resources will be signaled, until RAN1 #75 meeting.


In this contribution, as a sequel to the general discussion in [3], we share our further considerations on coverage enhancement of PRACH.
2. PRACH coverage enhancement
In this subsection, under the coverage enhancement case, we present our considerations on initial random access procedure and PRACH repetition level selection. 
2.1 Details on PRACH repetition level
In RAN1 #74bis, it was agreed to define multiple PRACH repetition levels. The granularity of the PRACH repetition levels and a one-to-one mapping between PRACH repetition levels and PRACH time-frequency resources need to be specified next. In the following we share our views on these topics.
Based on the system resource efficiency and the desirable collision probability, a proper granularity of the PRACH repetition levels should be specified. For example, setting the granularity to 2dB leads to a total of seven PRACH repetition levels for network configuration ([0~2dB], [2~4dB], [4~6dB], [6~8dB], [8~10dB], [10~12dB], and [12~14dB]). Of course, increasing the number of PRACH levels increases as well the complexity of the network configuration and the UE selection.
A PRACH resource set is defined as the time-frequency resources used by the coverage enhanced UE for one RA attempt, and a PRACH preamble group is defined as the set of PRACH sequences. Based on the PRACH repetition levels, multiple PRACH resource sets and PRACH preamble groups need to be defined. A PRACH resource set and a PRACH preamble group are associated with a PRACH repetition level, and their configuration can be predefined or given by SIB2. To achieve higher spectral efficiency, a nested structure could be adopted for PRACH resource sets, i.e., for one RA attempt the PRACH resource set of a PRACH repetition level is a subset of the PRACH resource set of a higher PRACH repetition level. Besides, PRACH preambles are grouped according to PRACH repetition levels. For UEs in different PRACH repetition levels, the PRACH resource sets are code-division multiplexed. For example, UE1 and UE2 have different PRACH repetition levels in one cell. Then, UE1 and UE2 will each randomly select a preamble from its related PRACH preamble group for its RA attempts. For UEs in the same PRACH enhancement level, their PRACH preambles are selected from the same PRACH preamble group, and they are multiplexed following the Rel-8 specification. Besides, frequency hopping could be adopted for PRACH resources.

Proposal 1:
· RAN1 should define one-to-one mapping between each PRACH repetition level and a pair PRACH resource set / PRACH preamble group. 
2.2 Initial random access with coverage enhancement
According to RAN1 #74bis, it was agreed to support multiple PRACH repetition levels. It was also agreed that after initial access the PRACH repetition level for a physical channel is up to the network, but there is no agreement on the PRACH repetition level of the initial random access (i.e., UE from RRC_IDLE to RRC_CONNECTED). 
Besides, an MTC UE could use PRACH to inform the eNB of its coverage enhancement level explicitly or implicitly. For example, based on DL RSRP and PSS/SSS/PBCH reception, an MTC UE could estimate how much coverage enhancement it needs. Since the coverage enhancement "quantity" is associated with a coverage enhancement level (PRACH repetition level), the MTC UE could select the corresponding PRACH resource set. Then, the MTC UE obtains a PRACH preamble from the corresponding PRACH preamble group to attempt its initial random access. Once the eNB successfully detects a PRACH attempt, it can implicitly recover the UE’s required coverage enhancement level.
Proposal 2:
· An MTC UE implicitly indicates its required coverage enhancement level to the eNB through the selection of the PRACH preamble group.
For the initial random access, two options for UE behaviours on PRACH repetition level selection are listed for further study as follows:
· Option A: UE selects a PRACH repetition level based on some measurement, and transmits the PRACH preamble using the associated PRACH resource set.
· Option B: UE transmits the PRACH preamble using the PRACH resource set associated to the highest PRACH repetition level.
From a resource efficiency point of view, option A outperforms option B, especially when there is a very large amount of MTC UEs in one cell performing initial access in a regular basis. Besides, the accuracy of the coverage “quality” could be improved if the MTC UE combines the rough channel estimation obtained from PSS/SSS/PBCH/SIB and the RSRP measurement. Therefore, option A is recommended. 
Proposal 3:
· For initial random access, an MTC UE selects a PRACH repetition level based on the measurement by the UE, and transmits the PRACH preamble using the associated PRACH resource set. 
3. Conclusion
In this contribution, we propose:
Proposal 1:
· RAN1 should define one-to-one mapping between each PRACH repetition level and a pair PRACH resource set / PRACH preamble group. 
Proposal 2:
· An MTC UE implicitly indicates its coverage enhancement amount to the eNB through the selection of the PRACH preamble group.
Proposal 3:
· For initial random access, an MTC UE selects a PRACH repetition level based on the measurement by the UE, and transmits the PRACH preamble using the associated PRACH resource set. 
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