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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.
When the PRACH improvement target is 14 dB rather than 19 dB, there does not seem to be a need to consider PSD boosting. It is sufficient to repeat the PRACH preamble up to a number of times, and possibly accept a somewhat larger misdetection probability for UEs with significant frequency error.
It may be worthwhile to study ways to provide additional time diversity or frequency diversity to reduce the number of required repetitions if possible. Due to lack of time we can only present some initial results in this contribution but we will try to provide some additional analysis in our next contribution on this topic.
Repetition of existing PRACH formats may have some benefits compared to introduction of new PRACH formats. New PRACH formats with longer duration may be difficult to introduce in TDD (and in half duplex FDD). Repetition of the existing, rather short formats seems like a flexible, future proof solution in the sense that it would be fairly straightforward to adjust or extend if it would be desired to obtain a particular amount of coverage enhancement.
Proposals:
· Define a PRACH repetition mechanism allowing up to [10] repetitions of existing PRACH formats.
· In challenging scenarios, sufficient coverage is achieved by accepting an increased misdetection probability for the affected users.
· Consider introducing a frequency hopping scheme for the new PRACH repetitions (FFS).
· Do not consider PSD boosting for PRACH.
New PRACH resource configurations may 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 UEs requiring different amounts of coverage enhancement will require different PRACH time-frequency resources. Static allocation of new PRACH time-frequency resources may correspond to a significant cost in terms of uplink capacity. From this point of view, it would be beneficial if it were up to the network whether to configure new PRACH resources or not. For example, an attractive scalability could be obtained if the network would be able to just set aside a subset of the ordinary PRACH preamble sequences for UEs in enhanced coverage mode. Consecutive preamble transmissions using these sequences would be arranged such that they can be accumulated on the eNB side, somewhat analogue to HARQ operation.
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 [5], the indication can be made implicitly if the UE autonomously (but according to some well-defined procedure) selects a suitable PRACH resource or number of PRACH repetitions. For example, the random access procedure could be modified such that the UE increases the number of PRACH repetitions rather than ramping the power of the preambles.
Proposals:
· It needs to be confirmed whether or not new, additional PRACH time-frequency resources need to be defined/configured for UEs in enhanced coverage mode.
· If so, then preferably it should be up to the network to decide whether to use additional PRACH time-frequency resources for UEs in enhanced coverage mode or not.
· In any case, PRACH transmissions from UEs in enhanced coverage mode should be arranged so that they can be accumulated on the eNB receiver side.
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 a PRACH repetition mechanism allowing up to [10] repetitions of existing PRACH formats.
· In challenging scenarios, sufficient coverage is achieved by accepting an increased misdetection probability for the affected users.
· Consider introducing a frequency hopping scheme for the new PRACH repetitions (FFS).
· Do not consider PSD boosting for PRACH.
· It needs to be confirmed whether or not new, additional PRACH time-frequency resources need to be defined/configured for UEs in enhanced coverage mode.
· If so, then preferably it should be up to the network to decide whether to use additional PRACH time-frequency resources for UEs in enhanced coverage mode or not.
· In any case, PRACH transmissions from UEs in enhanced coverage mode should be arranged so that they can be accumulated on the eNB receiver side.
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Annex: Link-level simulations for PRACH

Table 1: Link-level simulation assumptions for PRACH
	Parameter
	Value

	System bandwidth
	20 MHz

	Frame structure
	FDD

	Carrier frequency
	2.0 GHz

	Antenna configuration
	1x2, low correlation

	Channel model
	AWGN, EPA

	Doppler spread
	1 Hz for EPA

	Number of UL RBs
	6

	PRACH format
	0

	Frequency tracking error
	100 Hz

	Performance target
	Pmiss 1%, Pfa 0.1%

	Number of repetitions
	1, 10

	Combining method
	Non-coherent accumulation over repetitions and antennas

	Minimum required SINR
	Around -24 dB (see e.g. [2])

	Number of subframes
	10000
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Figure 1: PRACH link-level simulation results for AWGN
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Figure 2: PRACH link-level simulation results for EPA 1 Hz
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