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1 Introduction

In RAN#60, the “Low Cost & Enhanced Coverage MTC UE” WI was approved [1].  This WI aims at introducing a new low-cost MTC UE and allowing for enhanced coverage for these new MTC UEs and also other MTC UEs by 15 dB.  This contribution discusses the coverage enhancement for PRACH.
2 Discussion
The techniques identified in the WI objectives for coverage enhancement that are relevant to PRACH are:
1. 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.

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

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

2.1 Relaxed PRACH probability of missed detection
In the SI, relaxing (i.e. increasing) the probability of missed detection for PRACH, PMiss, is one method identified to increase the PRACH coverage.  A higher PMiss would require lower SNIR at the eNB and hence for the same transmission power would lead to a larger coverage.  For MTC UEs in poor coverage, this would lead to a lower number of repetitions being needed.  In [3], the difference in SNIR between PMiss = 0.01 and PMiss = 0.1 is 4 dB.
On the other hand, increasing PMiss would lead to an increase in the number of RACH attempts since the eNB would have a higher chance of not detecting the MTC UE’s preamble, causing the MTC UE to re-attempt the RACH access, thereby increasing the delay.  Such a delay should be acceptable for MTC UEs, but each RACH attempt requires numerous repetitions.  Although increasing PMiss would lower the number of repetitions in each attempt, the increase in number of RACH attempts may lead to an increase in overall PRACH transmissions.
The average number of RACH attempts, NPMiss for a given PMiss is:
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Equation 1
Let RPMiss be the number of repetitions required for a given PMiss.   An overall gain can be achieved in relaxing PMiss from 0.01 to 0.1 if the total overall number of PRACH transmissions is reduced, i.e.:
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Equation 1
Using Equation 1 and assuming a gain of 4 dB in increasing PMiss from 0.01 to 0.1, we have:
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Hence, relaxing PMiss to 0.1 leads to an overall reduction in PRACH resource usage of 56% compared to using accumulation alone to achieve the coverage enhancement.
Observation 1: Relaxing PRACH probability of missed detection from 0.01 to 0.1 leads to an overall reduction in number of RACH preamble transmissions compared to using repetition/accumulation alone.
2.2 Scalability of spectral efficiency for RACH process
We consider scalability of spectral efficiency (i.e. different levels of coverage) in the RACH process.
The eNB needs to reserve multiple RACH resources, preferably in consecutive subframes, to allow for repetitions of the preamble. These resources would need to be grouped, so that the eNB would know in advance which access slots the UE would be using for repeated PRACH preamble transmissions so that it could accumulate the energy from the repetitions without have to blindly detect the starting position.

As shown in [4], the worst-case coverage enhancement requirement for PRACH is 15dB (for TDD for Cat-1 UEs). Therefore it needs to be possible to configure a set of PRACH access slots with sufficient accumulation to give 11dB coverage enhancement after allowing for 4dB from the increase in PMiss.  
However, in order to have scalability of spectral efficiency as per the second objective from the WID, several different PRACH resource sets corresponding to different levels of PRACH preamble repetition/accumulation need to be defined and configurable; the configured resources can be signalled in SIB2. The number of different configurable repetition levels needs to be decided; 3 is probably a reasonable maximum number of levels, the highest of which would correspond to 11dB coverage enhancement; not all the repetition levels would necessarily be configured in a cell at any one time.
Proposal 1: Define multiple (e.g. up to 3) different PRACH preamble resource sets where the resource sets have different repetition/accumulation levels.
Proposal 2: If one or more PRACH resource sets for repetition/accumulation are configured in a cell, they are indicated in SIB2.  

An MTC UE that fails to decode the legacy PBCH but can decode a coverage enhanced PBCH (that consists of numerous repetitions) would realise that it is in a coverage extension region.  Such an MTC UE could select a preamble repetition level based on the signal quality of the RS in the downlink, similar to the open loop power control procedure in the legacy RACH access.  If the MTC UE failed to get a response from the eNB, it would try the next preamble resource that has a higher repetition level.
Proposal 3: If multiple PRACH preamble resources with different repetition levels are configured, the MTC UE identifies the necessary PRACH repetition level and selects the PRACH resource corresponding to that repetition level.  The MTC UE selects the next highest PRACH preamble repetition level if the previous (lower) PRACH repetition level fails to get a response from the eNB.
3 Conclusion

In this contribution we estimate the gain in relaxing the PRACH probability of missed detection and discussed a high level RACH procedure where scalability of spectral efficiency is feasible.  We observe that:
Observation 1: Relaxing PRACH probability of missed detection from 0.01 to 0.1 leads to an overall reduction in number of RACH preamble transmissions compared to using repetition/accumulation alone.
We have the following proposals:

Proposal 1: Define multiple (e.g. up to 3) different PRACH preamble resource sets where the resource sets have different repetition/accumulation levels.
Proposal 2: If one or more PRACH resource sets for repetition/accumulation are configured in a cell, they are indicated in SIB2.  

Proposal 3: If multiple PRACH preamble resources with different repetition levels are configured, the MTC UE identifies the necessary PRACH repetition level and selects the PRACH resource corresponding to that repetition level.  The MTC UE selects the next highest PRACH preamble repetition level if the previous (lower) PRACH repetition level fails to get a response from the eNB.
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