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1 Introduction

In RAN#65 meeting, the new WI of further LTE Physical Layer Enhancements for MTC was approved [1], and the following objective is described:

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

· The following techniques (which shall be applicable for both FDD and TDD) can be considered to achieve this:

· Repetition techniques for control channels (e.g. PBCH, PRACH, (E)PDCCH)

· Relaxed “probability of missed detection” for PRACH and initial UE system acquisition time for PSS/SSS/PBCH/SIBs can be considered as long as the UE power consumption impact can be kept on a reasonable level.

· The amount of coverage enhancement should be configurable per cell and/or per UE and/or per channel and/or group of channels. Relevant UE measurements and reporting to support this functionality should be defined.
In this contribution, the previous agreements and working assumptions on coverage enhancement related to PRACH in Rel-12 are confirmed, and detailed considerations on reporting UE coverage information via PRACH are presented.
2 The necessity of using PRACH to inform coverage information to eNB 

Different UEs in a cell will experience diverse channel conditions, so the amount of coverage improvement needed by different UEs is varied. If the eNB can know the amount of UE’s coverage improvement, it can make suitable resource configuration to optimize resource utilization. Moreover, it can also reduce eNB and UE transmission/reception complexity, and save eNB and UE power consumption.

Besides, it is beneficial to let eNB know the amount of UE’s coverage improvement as soon as possible. Preamble transmission is the first UL transmission for UE with initial access, and UE can implicitly convey coverage information via preamble transmission. 

In RAN1 #74 meeting, using PRACH to inform coverage information to eNB was agreed for FFS [2]:

Agreements:

· Define one or multiple PRACH coverage enhancement level

· FFS whether or not to use PRACH to indicate coverage level

Further, in RAN1 # 74bis meeting, multiple PRACH repetition levels and PRACH multiplexing scheme were agreed [3]:

Agreement:

· For PRACH multiplexing scheme, CDM, and/or TDM and/or FDM are supported

· Multiple PRACH repetition levels are supported

In RAN1 #75 meeting, details related to multiple PRACH repetition levels and PRACH multiplexing scheme were agreed [4].
According to the objective described in [1], as the PRACH coverage enhancement in Rel-13 has no essential difference from the PRACH coverage enhancement in Rel-12, the agreements related to PRACH from Rel-12 should also be applicable in Rel-13.

Therefore, since an eNB would configure multiple PRACH repetition levels, an MTC UE can transmit preamble corresponding to its PRACH repetition level, and it is natural for the eNB to acquire UE coverage repetition level via UE PRACH transmission.

Proposal 1: It is necessary for UE to inform its coverage information via PRACH to optimize resource utilization and save eNB/UE power consumption. 
3 Techniques for PRACH coverage enhancement

In Rel-12, repetition was adopted as the basic technique for coverage enhancement. Moreover, using the current PRACH format was agreed for PRACH coverage enhancement in RAN1 #75 meeting [4]:

“WA on usage of existing PRACH formats from RAN1#74bis is confirmed”
Proposal 2: Rel-12 agreement of “repeating the existing preamble formats” is the starting point of Rel-13 PRACH coverage enhancement.
Further, the FFS for relaxing PRACH requirement was agreed to as a working assumption in RAN1 #74bis meeting [3].

Working assumption:
· Repeating the existing preamble formats for PRACH enhancement 

·      Relaxing PRACH requirement is FFS

According to simulation results provided in [5], the SNR working point can be improved by 4~5 dB by relaxing Pmiss from 1% to 10% while maintaining Pfa (probability of false alarm) at 0.1%. Therefore, relaxing PRACH performance requirement is beneficial to reduce the repetition number for PRACH coverage enhancement.
Similarly, in view of the PRACH coverage enhancement in Rel-13 has no essential difference from the PRACH coverage enhancement in Rel-12, the working assumption related to PRACH from Rel-12 can also be applicable in Rel-13.
As analyzed in [6], relaxing PRACH performance requirement from 1% Pmiss to 10% could lead to an overall reduction in number of RACH preamble transmissions compared to using repetition/accumulation alone. Therefore, relaxing PRACH requirement would be beneficial to save resource and reduce UE’s power consumption.
Proposal 3: Relaxed performance for PRACH should be supported to reduce repetitions, resource usage, and power consumption.
4 RAR transmission/reception
As mentioned in section 2, multiple PRACH repetition levels should be supported for coverage enhancement, and UE could indicate its amount of repetition level by PRACH. Therefore, it is natural for CE (coverage enhancement) UEs to receive RAR according to UE’s PRACH repetition level. 
Moreover, RAR is conveyed in PDSCH, and multiple repetition levels in time domain for PDSCH were agreed in RAN1 #75 meeting [4]. As a result, an eNB can transmit RAR messages with multiple repetition levels, and the repetition level of RAR can be tied to the repetition level of PRACH.
Agreements:
· For UEs in enhanced coverage mode for MTC,
· Repetition of PDSCH across multiple sub-frames is supported.
· Multiple repetition levels in time domain are specified.  
Further, considering the DL coverage loss from a single receive RF and coverage enhancement for RAR, to improve the transmission reliability, the number of RAR included within one Msg2 message would be significantly reduced. Therefore, the content of RAR could be optimized to accommodate more RAR within one Msg2 message. The specific content of RAR could be designed by RAN2.

Proposal 4: The content of RAR can be optimized to accommodate more RAR within one Msg2 message.

5 Conclusions
In view of PRACH coverage enhancement in Rel-13 has no essential difference from the PRACH coverage enhancement in Rel-12, we propose to inherit Rel-12 agreements and working assumptions related to PRACH coverage enhancement in Rel-13 MTC coverage enhancement.
For reporting UE coverage information via PRACH, the following proposals are given:

Proposal 1: It is necessary for UE to inform its coverage information via PRACH to optimize resource utilization and save eNB/UE power consumption.
Proposal 2: Rel-12 agreement of “repeating the existing preamble formats” is the starting point of Rel-13 PRACH coverage enhancement.

Proposal 3: Relaxed performance for PRACH should be supported to reduce repetitions, resource usage, and power consumption.
Proposal 4: The content of RAR can be optimized to accommodate more RAR within one Msg2 message.
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