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1 Introduction

The low cost MTC SI was updated in RAN#57 [1] to include coverage improvements for MTC devices by 20 dB.  In this contribution we discuss coverage improvement for PRACH.
2 Discussion
PRACH is required for initial access to the network.  If the eNB cannot detect the PRACH preamble when the UE transmits at maximum power in a single RACH resource, the MTC UE will not be able to access the network.  The required coverage extension for PRACH is 19 dB [2], which would require up to 80 times more preamble energy for the same missed detection probability as that of the legacy system.  
In RAN1#72, the following observations were made:

· Further analysis/evaluation is needed until the next meeting for PRACH by focusing on

· Relaxed requirements

· FFS: Loosen the detection threshold at eNB

· FFS: Change the false detection probability at eNB

· Design new PRACH, e.g., 

· Longer repetition compared to existing PRACH

· Longer sequence compared to existing PRACH

· PSD boosting/smaller bandwidth  occupation compared to existing PRACH

We consider each of these options in turn. 

2.1 Relaxed PRACH requirements at eNB

Unlike PSS/SSS, relaxing the detection requirements for PRACH cannot be performed simply by allowing a longer time for detection, since the eNB does not know which access slots should be combined for energy accumulation. 

The PRACH requirements consist of two probabilities:

· the detection probability: 

· The detection probability is the probability of correct detection of the preamble when it is present. Detection is considered to be not correct if a different preamble is detected than the one that was sent, the preamble is not detected at all, or the correct preamble is detected but with the wrong timing estimation. It is specified in [4] that the detection probability shall be ≥99%.  Relaxing the required detection probability does not solve the problem of coverage extension for PRACH, since the result of missed detection is that the MTC device would have to retransmit the PRACH anyway. 
· the false alarm probability: 

· The false alarm probability is the probability of erroneous detection of a preamble when the input is only noise. It is specified in [4] that this shall be ≤0.1%. Increasing the allowed false alarm probability would increase the probability of detecting genuine PRACH preambles in poor radio conditions, but it would be at the cost of spurious random access responses being transmitted with corresponding PUSCH resource allocations, which would harm overall system performance and efficiency. It is therefore undesirable to modify the false alarm probability for PRACH. 
· Note that loosening the detection threshold is fundamentally the same as changing the false alarm probability, since the detection threshold can be directly determined from the required false alarm probability [5].

Relaxing the PRACH requirements therefore means reducing the system performance and does not seem to be a feasible solution to the problem of PRACH coverage extension. 
2.2 New/modified PRACH design

2.2.1 Longer PRACH

The 80 times more energy required for PRACH coverage extension could in theory be accumulated using either a longer preamble sequence or repetition of PRACH.  Defining a preamble signature that is 80 times longer may not be desirable from a specification point of view.  Repetition of PRACH basically achieves the same thing, i.e. repetition of the same preamble signature 80 times is similar to having a preamble sequence that is 80 times long.
The current specifications do not support combining of PRACH preambles received in different RACH resources: the eNB would not know which RACH resources to combine from an MTC device, and moreover according to the current specifications the PRACH preamble signature is changed randomly for every transmission, leading to an impossible number of combinations for the eNB to search.  Careful design would be needed to avoid unduly increasing the eNB complexity: the eNB would need to know exactly which set of resources it should attempt to combine, and the signature sequence should ideally be the same (or at least predetermined) across all the combined resources.  

It could therefore be considered to introduce support for the configuration (via SIB) of a set of PRACH resources (subframes and PRBs) for the accumulation of PRACH energy. An MTC UE would repeat its selected PRACH preamble signature in all the resources defined in this accumulative set.  These resources could be a subset of the normal PRACH resources.  Several PRACH access slot can be configured by the eNB and the MTC device can randomly select one of these slot.
As described in [3], not all MTC devices require the full 20 dB coverage.  It is more spectrally efficient to have different levels of coverage.  Similarly, we could consider different numbers of repetitions for PRACH, where the MTC device may start off with legacy PRACH procedure, and failing that it could proceed with repeated PRACH in the accumulative set of PRACH resources.  The amount of repetition to be used in the accumulative resources would need to be clearly defined.  This information would have to be broadcast, either in the PBCH as a “default coverage extension level” [3] or in the SIBs together with the PRACH resource configuration. 
Proposal 1: Further consideration could be given to defining a set of PRACH resources where the PRACH preamble could be repeated and the energy accumulated. 

2.2.2 Reduced bandwidth occupation
PRACH detectability cannot easily be improved by reducing the bandwidth without also impacting the round-trip time estimation accuracy for configuring the initial timing advance; however, it is expected that the bandwidth of the other uplink transmissions from MTC devices would be narrower than PRACH (e.g. only a single PRB), so it would not be easy to update the timing advance with the same accuracy after the RACH. However, since the location of the MTC devices under extreme coverage conditions should be fixed, it should be adequate to perform the timing advance based on the PRACH alone, and it is therefore important to preserve the timing estimation accuracy of the PRACH.
One possibility that could be considered would be to design a PRACH using 2 PRBs in the frequency domain with a gap of 4 PRBs between the two PRBs. This would have less impact on the timing accuracy than if the two PRBs were adjacent, and it would enable the PSD to be increased by a factor of 3 and hence the number of required repetitions to be reduced by a factor of 3. However, it would have some impact on the PAPR of the PRACH, due to the resulting multi-carrier waveform, and this could reduce the PSD gain that could be achieved. This would need further study. 

Proposal 2: Study whether a PRACH design using 2 PRBs in the frequency domain with a gap of 4 PRBs between the two PRBs could reduce the number of PRACH repetitions required without unacceptable impact on timing estimation accuracy or PAPR. 

3 Conclusion

In this contribution we discuss coverage extension for PRACH.  We propose the following:  
Proposal 1: Further consideration could be given to defining a set of PRACH resources where the PRACH preamble could be repeated and the energy accumulated. 

Proposal 2: Study whether a PRACH design using 2 PRBs in the frequency domain with a gap of 4 PRBs between the two PRBs could reduce the number of PRACH repetitions required without unacceptable impact on timing estimation accuracy or PAPR. 
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