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1 Introduction
During RAN #65 meeting, “New WI proposal: Further LTE Physical Layer Enhancements for MTC” [1] was approved. One objective of this work item is to target a relative LTE coverage improvement, with the following detailed objectives:
· Target a relative LTE coverage improvement – corresponding to 15 dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage. 

· The following techniques (which shall be applicable for both FDD and TDD) can be considered to achieve this:

· Subframe bundling techniques with HARQ for physical data channels (PDSCH, PUSCH)

· Elimination of use of control channels (e.g. PCFICH, PDCCH)

· Repetition techniques for control channels and signals (e.g. PRACH, (E)PDCCH)

· Either elimination or repetition techniques (e.g. PBCH, PHICH, PUCCH)

· Uplink PSD boosting with smaller granularity than 1 PRB

· Resource allocation using EPDCCH with cross-subframe scheduling and repetition (EPDCCH-less operation can also be considered)

· New physical channel formats with repetition for SIB/RAR/Paging

· A new SIB for bandwidth reduced and/or coverage enhanced UEs

· Increased reference symbol density and frequency hopping techniques

· Relaxed “probability of missed detection” for PRACH and initial UE system acquisition time for PSS/SSS/PBCH/SIBs can be considered as long as the UE power consumption impact can be kept on a reasonable level.

· The amount of coverage enhancement should be configurable per cell and/or per UE and/or per channel and/or group of channels. Relevant UE measurements and reporting to support this functionality should be defined.

· When defining the detailed solutions for the above coverage enhancement techniques, the work should strive to minimize divergence of solutions between the new UE category/type and other UEs. One possible approach is to require a ‘normal complexity UE’ configured with the coverage enhancement techniques to mimic some of the behaviours of a Rel-13 low complexity UE configured with the coverage enhancement techniques.

· The work with the physical layer control signalling (e.g. EPDCCH) and higher layer control signalling (e.g. SIB, RAR and Paging messages) should aim for a high level of commonality between the solutions for the new Rel-13 low complexity UEs and the solutions for coverage enhanced UEs.

Detailed coverage enhancement solutions for PRACH are discussed in this contribution.
2 PRACH coverage enhancement
2.1 Repetition

As evaluated in Rel-12, Repetition is the most effective solution for PRACH Coverage enhancement(CE) for MTC UEs. The PRACH coverage enhancement target for each UE can be satisfied by transmitting specific repetition times of PRACH preamble which is selected by UE or configured by eNB.  Simulation result of preamble repetition is shown in Figure 1(detailed simulation assumption is given in the Annex A.1). From the  preamble repetition gain summarized in Table 1, in order to meet the coverage enhancement requirement of 15dB, about 100~200 repetition times of preamble is needed under the condition of Pmiss=1%, Pfa=0.1%.
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Figure 1: Performance evaluation of Repetition
Table 1: Preamble repetition gain 
	preamble repetition gain
( compared to no repetition & Pmiss=1%，Pfa=0.1%)
	No Rep
	Rep2
	Rep4
	Rep10
	Rep50
	Rep100
	Rep200

	Pmiss=10%，Pfa=0.1%
	5.52
	8.04
	10.32
	13.09
	17.4
	19.17
	21.46

	Pmiss=1%，Pfa=0.1%
	0
	2.57
	4.91
	7.62
	12.25
	14.15
	17.21


Considering the difference of coverage enhancement requirement for each MTC UE, it is not an effective and power saving way to configure single repetition times.  Multiple coverage enhancement levels were discussed in RAN1 #75 meeting as below[2]:
· Specified maximum numbers of levels: Working assumption of 3 (this does not include “zero coverage extension”). More evidence needed if we were to extend this. 

· eNB-configurable number of levels (1, 2, 3) up to specified max level. 

From the simulation result in Figure 1, repetition can bring significant coverage enhancement gain for PRACH. It is recommended to take repetition with multiple coverage enhancement levels as baseline solution for PRACH coverage improvement in Rel-13.
Proposal 1:  Repetition should be the baseline solution for MTC PRACH coverage enhancement in Rel-13, and the agreement of multiple coverage enhancement levels definition in Rel-12 should be accepted in Rel-13.
Agreement of PRACH resource allocation for each coverage enhancement level in Rel-12 was defined in RAN1 #75 meeting as below[2]:

· Enhanced coverage UEs and legacy UE may share the same time/frequency resource. In this case, enhanced coverage UEs will use CDM to multiplex with legacy UEs. 

· FFS for multiplexing repetition level(s) within shared time/freq. resources

· In addition define additional time/freq. resource region(s) separate for “enhanced coverage” UEs.

· Within new region, at least CDM is allowed.
Because UL bandwidth reduction was not considered in Rel-12, above agreements may not be applicable in Rel-13. Moreover,  in some contributions[3] from RAN1 #76 meeting, near-far effect was observed to have negative impact on the PRACH preamble detection when CDM is used as PRACH resource multiplexing scheme for different coverage enhancement levels . Resource multiplexing schemes for MTC PRACH coverage enhancement should be carefully evaluated in Rel-13 considering the UL bandwidth reduction and near-far effect for preamble detection.
Proposal 2: Considering the UL bandwidth reduction and near-far effect for preamble detection, resource multiplexing schemes for MTC PRACH coverage enhancement should be carefully evaluated in Rel-13.
2.2 Frequency Hopping
In Rel-12, PRACH Frequency hopping for MTC coverage enhancement was evaluated in [4].
We can conclude two points from the simulation results:
（1） Frequency Hopping Gain with Pmiss=1% is larger than gain with Pmiss=10% ;

（2） Frequency Hopping Granularity within  [36,42] PRBs achieves maximum frequency hopping gain;

In order to further reduce the repetition times of preamble and UE power consumption, frequency hopping should be supported in Rel-13.  Detailed hopping pattern needs further study considering the bandwidth reduction in uplink.
Proposal 3: In order to further reduce the repetition times of preamble and UE power consumption, frequency hopping should be supported in Rel-13.
2.3 Relaxed performance requirement
Relaxed PRACH requirement (e.g., relaxed miss probability, Pmiss) can help reach the coverage requirement. However, higher miss probability will have some negative system impacts. For example, if the miss detection probability of Msg1 is increased, the potential number of Msg2 detection windows and the retransmission probability for PRACH would be increased. As a result, the access latency and UE power consumption would be increased.  When considering relaxed probability of missed detection for PRACH, the performance of whole random access (Access latency, UE power consumption) should be carefully evaluated in Rel-13. 
Proposal 4: In Rel-13, when considering relaxed probability of missed detection for PRACH, the performance of overall random access (Access latency, UE power consumption) should be carefully evaluated.
2.4 PSD boosting

From the simulation result shown in [5], PRACH PSD boosting over a narrower bandwidth can’t bring coverage enhancement gain. Therefore, it should not be considered for PRACH coverage enhancement in Rel-13.
Proposal 5:  PSD boosting is not an effective technology for PRACH coverage enhancement.
3 RAR coverage enhancement
Repetition should be used for RAR to meet the specific coverage enhancement requirement. Multiple coverage enhancement levels for RAR should be defined for the purpose of UE power consumption reduction in Rel-13.

Considering DL bandwidth reduction for MTC UEs, RAR transmission indicated by PDCCH is not applicable in Rel-13. RAR transmission indicated by EPDCCH or RAR transmitted by control-less mode can be applied instead.
Besides, RAR identification for different coverage enhancement levels may be considered if new-RNTI design is introduced for MTC UEs in Rel-13.
Proposal 6:  Repetition should be the baseline solution for RAR coverage enhancement in Rel-13, and multiple coverage enhancement levels should be supported in Rel-13.
Proposal 7:  New RAR transmission methods and RAR identification for different coverage enhancement levels may be considered in Rel-13.
4 Conclusions
The coverage enhancement solutions for PRACH have been discussed in this contribution. We propose the following:
Proposal 1:  Repetition should be the baseline solution for MTC PRACH coverage enhancement in Rel-13, and the agreement of multiple coverage enhancement levels definition in Rel-12 should be accepted in Rel-13.

Proposal 2: Considering the UL bandwidth reduction and near-far effect for preamble detection, resource multiplexing schemes for MTC PRACH coverage enhancement should be carefully evaluated in Rel-13.
Proposal 3: In order to further reduce the repetition times of preamble and UE power consumption, frequency hopping should be supported in Rel-13.
Proposal 4: In Rel-13, when considering relaxed probability of missed detection for PRACH, the performance of overall random access (Access latency, UE power consumption) should be carefully evaluated.
Proposal 5:  PSD boosting is not an effective technology for PRACH coverage enhancement.
Proposal 6:  Repetition should be the baseline solution for RAR coverage enhancement in Rel-13, and multiple coverage enhancement levels should be supported in Rel-13.
Proposal 7:  New RAR transmission methods and RAR identification for different coverage enhancement levels may be considered in Rel-13.
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Annex

A.1 PRACH simulation assumption

Basic simulation assumption is described in Table A.1-1.
Table A.1-1 Basic simulation assumption

	Parameter
	Value

	System bandwidth
	10MHz

	Sampling Frequency(Fs)
	15.36MHz

	Frame type
	FDD

	Carrier frequency
	2.0 GHz

	PRACH Resource Size
	6PRB

	Antenna configuration
	1T2R

	Channel model
	EPA

	Doppler shift
	1Hz

	Frequency Error
	100 Hz 

	Number of  RACH Sequences Per Sector
	64

	Length of RACH Sequences
	839


