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Discussion and Decision 
1
Introduction
In [1], it was proposed that up to 4 PRACH configurations can be configured in M-SIB1 for Rel-13 LC-MTC UEs and coverage enhancement UEs – one configuration for Rel-13 LC-MTC UE and one configuration for each coverage enhancement level (up to 3 levels). This allows the eNB the flexibility to configure PRACH resources using CDM, TDM, FDM or a combination of the techniques. In this contribution, we discuss the details of PRACH resource configuration.

2
PRACH Configuration
PRACH configuration will be signalled in MTC SIB. The following parameters will be needed for PRACH resource configuration – 
· PRACH for LC-MTC UEs in normal coverage - time allocation, frequency allocation, preamble allocation.

· PRACH for CE - time allocation, frequency allocation, preamble allocation, repetition level, starting subframe.
For LC-MTC UEs in normal coverage, the eNB can configure separate PRACH time-frequency resources or share the time-frequency resource with legacy UEs. In the former case, there is no issue with differentiating UE types. In the latter case, LC-MTC UEs can be distinguished from legacy UEs using preamble partitioning.
Proposal 1: PRACH configuration for Rel-13 LC-MTC UEs can reuse existing PRACH-ConfigSIB information element.
In case LC-MTC UEs share the PRACH with legacy UEs, existing mechanism allows for reserving preamble to be used by LC-MTC UEs. However, there would be a need to indicate the preambles available for use by LC-MTC UE. This can be done, for example, by adding an entry indicating the starting preamble that can be used by LC-MTC UEs.
For UEs in enhanced coverage, it is proposed that separate PRACH resources can be configured for each coverage enhancement level.
Time allocation

Time allocation can be configured using either options listed below –

· Configuration is given by the following parameters - preamble starting subframe, preamble repetition interval, and number of repetition. The preamble starting subframe can be configured using a preamble repetition period and an offset. The preamble repetition interval is used to configure the interval between repetitions, and can be configured to support both continuous and discontinuous repetitions. An illustration of this approach is shown in Figure 1.
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Figure 1. Example of PRACH configuration.
· Configuration is given by preamble starting subframe, one of predefined configurations, and number of repetitions. The set of available predefined configurations would be specified (e.g. similar to the current PRACH Configuration Index). The current tables already provide possible PRACH configurations for formats 0-4 although new tables suitable for enhanced coverage may be defined. Preamble repetitions can be done transmitting on consecutive PRACH occasions.
PRACH time configuration is fully flexible as described in the first approach. In the second approach, the definition can be based on as predefined configurations which can save some signalling bits. However, the saving is expected to be small and so unlikely to affect the SI overhead. Therefore, full flexibility should be supported. Note that both continuous and discontinuous repetitions can be supported using appropriate setting of the preamble repetition interval.
Note that the use of preamble repetition period will allow also the introduction of longer PRACH periodicity (e.g. 160ms) to reduce the overhead from PRACH in coverage enhancement.
Proposal 2: PRACH time configuration for UEs in coverage enhancement is given by the following parameters - preamble starting subframe (given by preamble repetition period and an offset), preamble repetition interval, number of repetition. 
Frequency allocation

Frequency allocation can be configured using the prach-FrequencyOffset index. In TDD, up to 6 PRACH frequency resources can be defined in an uplink subframes. A similar definition can be used for FDD as well to reduce specification impact. When hopping is enabled, the hopping pattern is known and the UE can determine the PRBs based on the prach-FrequencyOffset and the pattern.
Preamble allocation
Preamble allocation is configured using rootSequenceIndex, zeroCorrelationZoneConfig, preambleInfo. It is not expected that more than 64 preambles will be needed, so the existing root sequence index and configuration should be sufficient. The existing preambleInfo can also be reused. Currently, two groups of preambles are defined where group B can be used (if configured) for large message size and good pathloss. In coverage enhancement, group B can be used for different purposes – e.g. to identify LC-MTC UEs.
Note that it has been agreed that PRACH is used to identify Rel-13 low complexity UEs. However, in coverage enhancement, it is not clear whether the eNB needs to identify LC-MTC UEs through the PRACH. One potential advantage is that legacy UEs operating CE have 2 Rx antennas, so they likely would require less M-PDCCH/PDSCH. However, this would increase complexity e.g. requiring the eNB to configure two different M-PDCCH/PDSCH repetition levels.
Proposal 3: In coverage enhancement, consider whether the eNB needs to distinguish LC-MTC UEs and legacy UEs through PRACH.
3
Conclusion
In this contribution, we consider PRACH configuration for Rel-13 low complexity UEs and coverage enhancement UEs. The following proposals are made –

Proposal 1: PRACH configuration for Rel-13 LC-MTC UEs can reuse existing PRACH-ConfigSIB information element.
Proposal 2: PRACH time configuration for UEs in coverage enhancement is given by the following parameters - preamble starting subframe (given by preamble repetition period and an offset), preamble repetition interval, number of repetition.
Proposal 3: In coverage enhancement, consider whether the eNB needs to distinguish LC-MTC UEs and legacy UEs through PRACH. 
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