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1 Introduction
Coverage improvement techniques on PRACH were widely discussed in #72bis meeting and the agreements were addressed in [1], which are summarized below:
Agreements:
· The coverage requirement of PRACH can be achieved by preamble repetition and/or new preamble format

· PRACH resources for coverage limited MTC UEs need to be defined and allocated

· Relaxing PRACH miss probability will make it easier to meet the coverage requirement, and can be used in addition to repetition and/or new preamble format for PRACH coverage improvement

· System impacts should be clarified including collision probability increase, PRACH latency increase

· As a complement to the other techniques, PSD boosting over a narrower bandwidth may be considered

Note:
· Include RAN1 #72 following observation of PRACH in TP
· PRACH can be used to inform eNB the amount of coverage enhancement a low cost MTC UE needs
2 Text Proposal
This section provides text proposal for PRACH coverage improvement in TR 36.888.
----  START OF TEXT PROPOSAL ----
9.5.3 PRACH
9.5.3.1 Coverage enhancement
Sec 9.2 indicates that PRACH coverage needs to be enhanced by 19dB (FDD) and 20 dB (TDD), when 20dB extra overall coverage enhancement is targeted. PRACH can use techniques such as: repetition, design new preamble format, and relaxed requirement. PSD boosting may be considered as a complement to the other techniques.
· The extra coverage requirement of PRACH can be achieved as an example, by preamble repetition and/or new preamble format by about 200 times.
· PRACH performance is characterized by probability of miss (Pmiss) and probability of false alarm (Pfa). Relaxing Pfa would cost additional downlink resources to transmit random access response (RAR) for false detection. Relaxing Pmiss will make it easier to meet the coverage requirement, and can be used in addition to repetition and/or new preamble format. PRACH coverage requirement can be met by about 100 repetitions combined with relaxing Pmiss from 1% to 10%. 
· As a complement to the other techniques, PSD boosting over a narrower bandwidth may be considered. 
· It can be observed that with sequence repetition and relaxing Pmiss from 1% to 10%, about 32 sequence repetitions could achieve 17dB coverage enhancement target, and about 10 sequence repetitions and 4 sequence repetitions could achieve 14 dB and 11dB coverage enhancement target, respectively.
It should also be noted that:

· In order to avoid excessive repetition, the number of repetitions may be adjusted based on the UE’s actual coverage status. PRACH can be used to inform eNB on the amount of coverage enhancement a low cost MTC UE needs. 
9.5.3.2 Impact on specification

Coexistence with legacy UEs (e.g. collisions probability, resource allocation) is required to be considered when discussing schemes like preamble repetition and/or new preamble format. The number of repetitions as well as the starting subframe should be predefined or configured by higher layer signaling. The latency of PRACH would be increased by applying preamble repetition and/or new preamble format and relaxed requirement of Pmiss. In order to reduce collision probability between coverage limited MTC UEs and legacy UEs, dedicated resource for coverage limited MTC UEs is expected. PSD boosting over a narrower bandwidth may result in a new sequence design.
9.5.3.3 Other impacts

Other than specification impact, impacts such as power consumption, cell spectral efficiency and analysis/evaluation of cost reduction were identified:
· UE power consumption: Power consumption will be increased by preamble repetition or sequence repetition. 

· Cell spectral efficiency: Cell spectral efficiency is decreased dependent on the percentage of coverage limited MTC UEs and the number of preamble or sequence repetitions. 
· Analysis/evaluation of cost reduction: The general techniques of preamble repetition, new preamble format, relaxing PRACH performance and PSD boosting are not expected to significantly impact the related UE Tx side cost. On the eNB Rx side, new PRACH resources are needed.
----  END OF TEXT PROPOSAL ----
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