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Introduction
In RAN#60, the work item for MTC is approved with the following aspects regarding coverage enhancements [1]:

· Provide a relative LTE coverage improvement – corresponding to 15dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage. 

· Specify the following techniques (which shall be applicable for both FDD and TDD) to achieve this:

· Simplification of PHICH and PCFICH functionality or alternative mechanism to PHICH and PCFICH functionality so that coverage limited UE is not constrained by PHICH and PCFICH physical channels

· A mechanism(s) to support scalability of spectral efficiency impact for coverage improvement by identifying UE requiring additional coverage improvement and informing eNB the amount of coverage the UE requires.

· Repetition/TTI bundling and extension to PSD boosting for applicable channels/signals identified during study phase.

· A relaxed requirement for “probability of missed detection” for PRACH.

· When defining the detailed solutions for the above coverage enhancement techniques, relative spectral efficiency impact and cost/power consumption impact should be taken into account, and divergence of solutions between the new UE category/type and other UEs (mentioned above) should be minimised where possible.

NOTE: 
Additional techniques primarily intended to mitigate spectrum efficiency impacts of enhanced coverage (evaluated in TR36.888) [2] are not included in this work item. However, an exception may be considered for techniques where adding an enhancement later would not be feasible (e.g. those impacting common channels). 
In this contribution, we present our views on the coverage enhancements for RACH channel. 
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RACH Channel Design
For RACH transmission, the preamble power PPRACH is determined as:

PPRACH = min{ Pcmax,c(i),  PREAMBLE_RECEIVED_TARGET_POWER +PL_c  }_[dBm], 
Where Pcmax,c(i) is the configured UE transmit power for subframe i of serving cell  c, and PL_c  is the downlink path loss estimate calculated in the UE for serving cell.
For coverage limited UE, the PL will be large such that the UE’s transmission power is dictated by the maximum transmit power. Therefore, power/PSD boosting can not be applied to improve the RACH coverage, and one has to rely on extended duration of transmission, such as: 

· Extending the sequence length, such as repeating existing sequence or introducing new sequence
· Allowing more RACH trials by reducing the requirement on detection rate
Furthermore, since different users in the cell have different need for coverage enhancements, there is benefit of allowing different coverage enhancements for different users. For example: 

· Users closer to the cell center can choose a shorter RACH format, while the users in deep coverage hole can choose a much longer PRACH format. 
· The selection can be done by UE based on DL PL measurements. 
· The bundle size for PRACH can be calculated, for example, based on the difference between the desired PRACH power and the max allowed power
· Different RACH formats may interfere with each other if they transmit on the same set of RBs in the same sub-frame
· This can be avoided by introducing multiple prach-ConfigIndex which configures the PRACH format as well as the time slot for PRACH transmission
Proposal 1: 
· Different user can choose different PRACH formats/duration depending on the DL PL estimates

Proposal 2:

· Different prach-ConfigIndex can be used to configure the PRACH format as well as time slot for PRACH transmissions 

Current RACH procedure allows power ramping when the initial RACH fails. This is useful when the initial power setting is too conservative or the path loss estimation is inaccurate. For the case where bundling is needed, it is possible to increase bundle size for subsequent RACH attempt similar to RACH power ramping concept. The alternative is to transmit the same bundled RACH during subsequent attempts. 
Proposal 3:

· Whether there is need for UE to increase bundle size for failed RACH attempts similar to power ramping is FFS 

Both contention based and non-contention based RACH are supported for regular UEs. For non-contention based RACH, the eNB orders the RACH transmission. For MTC already in connected states, it may be desirable to also indicate the bundle size for the non-contention based RACH.
Proposal 4:

· For non-contention based RACH, eNB can indicate to UE the desired bundle size along with other configurations  
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Conclusion

In this contribution, we presented our view on the coverage enhancement for PRACH.  We make the following proposals:

Proposal 1: 

· Different users can choose different PRACH formats/duration depending on the DL PL estimates

Proposal 2:

· Different prach-ConfigIndex can be used to configure the PRACH format as well as time slot for PRACH transmissions 

Proposal 3:

· Whether there is need for UE to increase bundle size in subsequent RACH attempts is FFS 

Proposal 4:

· For non-contention based RACH, eNB can indicate to UE the desired bundle size along with other configurations
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