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1 Introduction
One of the objectives of the recently started Rel-12 work item on “Low cost & enhanced coverage MTC UE for LTE” [1] is to specify coverage improvements corresponding to 15 dB for FDD. The specified coverage improvement techniques should also be applicable for TDD.
The WID suggests that the PRACH coverage improvement should be realized through one or more of the following approaches:

· Repetition

· PSD boosting

· Relaxed misdetection probability
In this contribution we discuss our view on how to achieve the coverage enhancement for PRACH.

2 Discussion
In contribution [2] we discuss the required link budget improvement for each physical signal/channel in FDD. For PRACH, the required improvement is found to be 14 dB compared to PRACH format 2.

The study item [3] targeted 19 dB improvement for PRACH in FDD and was able to achieve this by about 200 times repetition of the PRACH preamble. If the acceptable misdetection probability was increased from 1% to 10%, the required number of repetitions could be reduced to about 100 repetitions. It was noted that with 10% misdetection probability, about 14 dB improvement could be achieved with 10 repetitions.
Our simulation results from the study item phase [4], repeated for convenience in Table 1, indicate that about 14 dB improvement can be reached with 1% misdetection probability at 0 Hz frequency error using coherent accumulation of between 16 and 32 repetitions. Admittedly, these simulations are somewhat idealized.
Table 1: Simulation results for PRACH

	Number of repetitions [subframes]
	AWGN, no frequency error
	EPA 1 Hz, no frequency error

	
	SNR [dB]
	Relative gain [dB]
	SNR [dB]
	Relative gain [dB]

	1
	-16.9
	0
	-9.3
	0

	2
	-19.9
	3.0
	-12.2
	2.9

	4
	-23.1
	6.2
	-15.3
	6.1

	8
	-26.0
	9.1
	-18.7
	9.4

	16
	-29.0
	12.1
	-21.9
	12.6

	32
	-32.0
	15.1
	-23.8
	14.6

	64
	-35.4
	18.5
	-26.0
	16.7

	100
	-36.9
	20.0
	-27.7
	18.4


For a frequency error of 100 Hz, other simulation results, see e.g. contribution [5], indicate that it becomes very challenging to reach 14 dB improvement with a misdetection probability of 1%. If the problem occurs due to too large amount of coherent accumulation, it may be possible to overcome with less coherent accumulation and more non-coherent accumulation. This would also go well hand in hand with some form of frequency hopping scheme for improved frequency diversity.

In any case, when the PRACH improvement target is 14 dB rather than 19 dB, there does not seem to be a need to consider PSB boosting. It is sufficient to repeat the PRACH preamble up to a number of times, whether it be up to 10 times or up to 32 times, and possible accept a somewhat larger misdetection probability for UEs with significant frequency error.
Proposals:
· Define one or more new PRACH formats supporting up to [10-32] repetitions more than PRACH format 2.
· Allowing up to 10% misdetection probability [for UEs with significant frequency error] can be considered but it is not clear to us that it would be infeasible to keep low misdetection probability.
· Do not consider PSD boosting for PRACH.
· Consider introducing a frequency hopping scheme for the new PRACH formats.
Table 1 shows how Table 5.7.1-1 in TS 36.211 can be extended with new PRACH formats numbered 5 through 9 where the last PRACH format slightly exceeds 14 dB coverage improvement compared to PRACH format 2.
Table 1: Random access preamble parameters
	Preamble format
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New PRACH resource configurations will need to be defined, detailing e.g. the time-frequency resource allocation. The TR [3] states that the number of repetitions as well as the starting subframe should be predefined or configured by higher layer signalling. It needs to be understood whether different PRACH preamble lengths will require different PRACH resources.

The TR [3] suggests that the UE indicates the amount of coverage enhancement that it needs through its selection of PRACH resource. As we discuss in our contribution [6], the indication can be made implicitly if the UE autonomously (but according to some well-defined procedure) selects a suitable PRACH preamble length (PRACH format). For example, the random access procedure could be modified such that the UE transmits longer and longer preambles rather than ramping the power of the preambles.
Proposals:
· New PRACH resources need to be defined. The details are FFS.
· It is FFS how the PRACH format selection is performed (by the UE and/or eNB).
3 Conclusions

In this contribution we discussed our view on how to achieve the coverage enhancement for PRACH. We have the following proposals:

Proposals:
· Define one or more new PRACH formats supporting up to [10-32] repetitions more than PRACH format 2.
· Allowing up to 10% misdetection probability [for UEs with significant frequency error] can be considered but it is not clear to us that it would be infeasible to keep low misdetection probability.
· Do not consider PSD boosting for PRACH.
· Consider introducing a frequency hopping scheme for the new PRACH formats.
· New PRACH resources need to be defined. The details are FFS.
· It is FFS how the PRACH format selection is performed (by the UE and/or eNB).
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