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1 Introduction

At the RAN1 #79 meeting, most of the agreements from Rel-12 on PRACH were confirmed as applicable to Rel-13 low complexity (LC) MTC UEs. The following was also agreed at the RAN1 #79 meeting for low complexity (LC) MTC UEs with reduced bandwidth support [1]:
· Rel-13 low complexity UE can be identified by PRACH.

· FFS for detailed indication method, e.g., Preamble and/or resource allocation

Subsequently, at the RAN1 #80 meeting, the following agreements were made related to the PRACH procedure in enhanced coverage (EC) [2]:

· For coverage enh. of PRACH, for initial random access
· There is one to one mapping between PRACH repetition level and PRACH resource set
· Multiple attempts are allowed for each PRACH repetition level

· There is a configurable number of attempts

· FFS: Whether the configuration of the number of attempts is common or separate per repetition level

· Number of attempts per PRACH repetition level can be different

· If UE does not receive a RAR after the allowed number of attempts, it moves to the next higher repetition level
· Specified maximum numbers of levels is 3 (this does not include “zero coverage extension”) 

· FFS: Power ramping or always max power used within each repetition level
· FFS UE behavior when UE receives RAR, but fails contention resolution
On the aspect of support of frequency hopping for PRACH transmissions in enhanced coverage, RAN1 made the following agreement at the RAN1 #80bis meeting [3]:

· Confirm the Working assumption from RAN1#80:
· PRACH frequency hopping can be configured when multiple PRACH frequency resources are available for Rel-13 low complexity MTC UEs in coverage enhanced mode
· Details FFS
· FFS the number of frequency resources for PRACH in a subframe for eMTC 

Also, on the preamble formats supported with enhanced coverage, RAN1 agreed that [3]:
· Repetition of all preamble formats is supported in coverage enhancement, except PRACH format 4

On some of the remaining details of RACH procedure considering enhanced coverage support, RAN1 made the following agreements [3]:

· For coverage enh. of PRACH:
· The configuration of the number of attempts can be separate per coverage level

· FFS whether or not to have default configurations and if so, the default configurations 

· The configuration of the number of repetitions can be separate per coverage level

· FFS whether or not to have default configurations and if so, the default configurations  

· When UE receives RAR but fails contention resolution

· The UE uses its current repetition level until it reaches the maximum number of attempts for that level

During the RAN1 #81 meeting, the following agreements were made on the determination of PRACH resource set between normal and enhanced coverage:

· UE determines based on RSRP measurement whether or not to start using one of the PRACH resource sets for CE (i.e., PRACH transmission with repetitions)
· NOTE: RAN1 will re-visit after RAN4 conclusion: if a UE operating CE selects based on DL measurement a starting PRACH repetition level

Additionally, at RAN2 #90, similar agreements were made regarding configuration of PRACH resource sets and determination of EC levels by the UE for initial PRACH transmission:

· In SIB the eNB provides a set of PRACH resources (e.g. time, frequency, preamble) each associated with a coverage enhancement level (including LC in normal coverage).
· UE determines the initial PRACH resource from the set based on UE’s downlink measurement (pending confirmation from RAN4).

In this contribution, we share our views on the remaining details of PRACH resource configuration and RACH procedure for MTC devices with reduced bandwidth support and/or in enhanced coverage.  
2 On frequency hopping and number of frequency resources for PRACH
As quoted in Section 1, RAN1 agreed that frequency hopping between PRACH repetitions can be configured when multiple PRACH frequency resources are available for Rel-13 LC MTC UEs in coverage enhanced mode.
Similar to the current specifications that allow up to 6 sets of PRACH frequency resources in an UL subframe for TDD deployments, for FDD and TDD deployments, the maximum number of PRACH frequency resources can be specified as 6 for cells supporting coverage enhancements. Note that in most cases, at least for FDD deployments, 6 sets of PRACH frequency resources may not be needed. For instance, assuming that up to 3 EC levels are supported by the cell, a maximum of 4 PRACH frequency resources may be sufficient, assuming LC MTC UEs and legacy UEs are differentiated by preambles and use of time domain multiplexing between at least two PRACH resource sets.

However, contrary to the current specifications, that state that the additional PRACH frequency resources can be used in TDD systems if and only if time multiplexing is not sufficient to hold all opportunities of a PRACH configuration needed for a certain PRACH density value (
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) without overlap in time, it should be up to the network to determine the use of the PRACH frequency resources in FDD and TDD systems supporting enhanced coverage in order to support PRACH frequency hopping. 
Further, for MTC UEs with both reduced bandwidth and enhanced coverage, the frequency hopping pattern may depend on the re-tuning time (to be determined by RAN4 WG) to be supported by the specifications for MTC UEs to switch from one reduced bandwidth portion of the system bandwidth to another. Cell-specific PRACH frequency hopping patterns can be considered to realize PRACH frequency hopping. Different hopping patterns can be defined for different PRACH resource sets/EC levels using explicit or implicit mappings from PRACH repetition levels to PRACH hopping patterns. Also, it can be left up to eNodeB implementation to handle potential collisions between PUSCH and PRACH resources via appropriate scheduling.
Proposal 1:
· Following current specifications for TDD deployments, a maximum of 6 PRACH frequency resources in an UL subframe can be specified for TDD or FDD cells supporting enhanced coverage.
· However, it is up to the eNodeB that supports enhanced coverage to configure the additional PRACH frequency resources irrespective of whether time multiplexing is possible or not to satisfy a given PRACH density without time overlap. 
Proposal 2:
· The eNodeB can configure cell-specific PRACH frequency hopping patterns for PRACH frequency hopping that are defined such that the hopping rate incorporates any UE retuning time.
· Different hopping patterns can be configured for different PRACH EC levels depending on the respective number of repetitions. 
· Handling of potential collisions between PRACH and PUSCH transmissions can be left up to eNodeB implementation.

3 Discussion on PRACH sequence allocation
Regardless of the multiplexing schemes among FDM, TDM, and CDM, it should be considered to support independent configurations for root indices/Ncs between MTC UEs in normal and enhanced coverage. For instance, the non-coverage limited UEs which need to support high speed or mobility may use the restricted set, while due to their low mobility characteristics, the MTC UEs in enhanced coverage mode are highly likely to use the unrestricted set. Towards this end, eNB may configure different high speed flags, i.e., High-speed-flag, for MTC and legacy UEs, or High-speed-flag can be disabled for MTC UEs in enhanced coverage mode (or assumed to be FALSE always). Furthermore, the root indices to be configured for MTC UEs in enhanced coverage mode can be limited to those with the CM less than 1.2dB which is corresponding to the CM value for QPSK in SC-FDMA waveform. More specifically, only the logical root indices from 0 to 455 with CM less than 1.2dB can be used for MTC UEs in enhanced coverage mode. This could also help to reduce the payload by 1 bit in signalling the additional root index configuration for MTC UEs in enhanced coverage mode. 
Proposal 3:

· Independent configurations for root indices and Ncs are supported for MTC UEs in normal and enhanced coverage mode.
· High-speed-flag for MTC UEs in enhanced coverage mode is always disabled.
· Root indices for MTC UEs in enhanced coverage mode are limited to those with 1.2dB CM or less (e.g. from logical root index 0 to 455). 
4 On PRACH power ramping
Repetition level ramping is supported for MTC UEs in enhanced coverage mode. The details of PRACH power ramping is currently open between the two options of: (i) either applying legacy PRACH power ramping between consecutive attempts within a certain PRACH repetition level, and (ii) always using maximum transmission power when in a non-zero EC level. One issue identified with always using maximum transmission power arises due to a potentially large received power level difference between two UEs in EC that assume the same repetition level but are at the opposite ends of the EC level spectrum. 
In such cases, application of PRACH power control can help balance the received power levels at the eNodeB from the two UEs. Accordingly, the reduction of the PRACH transmission power level as a function of the increase in the number of repetitions as a UE transitions from a lower to a higher PRACH EC level, as proposed in [5], can be considered. Thus, the existing power ramping mechanism can be applied to attempts within an EC level with an adjustment in the PRACH transmission power level for the first attempt in each PRACH EC level that is a function of the ratio of the number of repetitions in the higher EC level to that in the lower EC level.
Proposal 4:

· For MTC UEs in enhanced coverage, existing power ramping mechanism within an EC level, with adjustment for increased number of repetitions between two consecutive EC levels should be supported.
5 Conclusion

In this contribution, we provided our views on the enhancement of PRACH for MTC UEs with reduced bandwidth and enhanced coverage. Based on the discussion presented, we summarize our views through the following proposals:
Proposal 1:
· Following current specifications for TDD deployments, a maximum of 6 PRACH frequency resources in an UL subframe can be specified for TDD or FDD cells supporting enhanced coverage.

· However, it is up to the eNodeB that supports enhanced coverage to configure the additional PRACH frequency resources irrespective of whether time multiplexing is possible or not to satisfy a given PRACH density without time overlap. 
Proposal 2:
· The eNodeB can configure cell-specific PRACH frequency hopping patterns for PRACH frequency hopping that are defined such that the hopping rate incorporates any UE retuning time.

· Different hopping patterns can be configured for different PRACH EC levels depending on the respective number of repetitions. 

· Handling of potential collisions between PRACH and PUSCH transmissions can be left up to eNodeB implementation.

Proposal 3:

· Independent configurations for root indices and Ncs are supported for MTC UEs in normal and enhanced coverage mode.

· High-speed-flag for MTC UEs in enhanced coverage mode is always disabled.
· Root indices for MTC UEs in enhanced coverage mode are limited to those with 1.2dB CM or less (e.g. from logical root index 0 to 455).
Proposal 4:

· For MTC UEs in enhanced coverage, existing power ramping mechanism with adjustment for increased number of repetitions between two consecutive EC levels should be supported.
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