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1. Introduction
During RAN #60 meeting, “New WI: Low cost & enhanced coverage MTC UE for LTE” ([2]) was approved.   One objective of this work item is to provide a relative LTE coverage improvement – corresponding to 15dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage:
· Specify the following techniques (which shall be applicable for both FDD and TDD) to achieve this:

· Simplification of PHICH and PCFICH functionality or alternative mechanism to PHICH and PCFICH functionality so that coverage limited UE is not constrained by PHICH and PCFICH physical channels

· 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.

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

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

· When defining the detailed solutions for the above coverage enhancement techniques, relative spectral efficiency impact and cost/power consumption impact should be taken into account, and divergence of solutions between the new UE category/type and other UEs (mentioned above) should be minimized where possible.

In this contribution, we focus on the PRACH design for MTC UEs, such as preamble format selection, coverage improvement MTC UE identification, impact on random access procedure and impact caused by relaxed requirement.
2. PRACH
2.1 Preamble Format
According to current LTE releases, there are four preamble formats (Format0~Format3) supported in FDD system while five (Format0~Format4) supported in TDD system. Since no extra RACH detection performance gain was found with new RACH format, it is reasonable that MTC UE continue to use the existing preamble format. 
As described in [1], the difference between coverage improvement MTC UEs and normal MTC UEs (MTC UEs not requiring coverage improvement) is that the coverage improvement MTC UEs experience significantly greater penetration losses on the radio interface than normal MTC UEs, and the coverage enhancement techniques described in [1] is used to compensate the penetration losses for coverage improvement MTC UEs, it is reasonable that they should be deployed in the same cell. So it is preferred that normal MTC UEs and coverage improvement MTC UEs should use same preamble format, and only one single format is used in the cell.
Proposal 1:
MTC UEs are configured with the same preamble format in the same cell.  
2.2 Coverage improvement level identification
As has been agreed in [1], PRACH can be used to inform eNB on the amount of coverage enhancement a low-cost MTC UE needs. In fact, MTC UEs can decide the coverage improvement level from the measurement result of some DL signals (CRS/ PSS/ SSS etc); it can also utilize the PBCH characteristic acquired through the cell acquisition process. PRACH resources for different coverage improvement levels can be differentiated via time, frequency or sequence. The following examples show how to design a four level coverage improvement (0dB, 5dB, 10dB, 15dB).
· Time division multiplexing:
In FDD-LTE system, an example of PRACH resource configuration is illustrated in Figure 1. In each subframe of the MTC frames, PRB 7~PRB 12 is configured as PRACH resource. For each coverage improvement level, PRACH resources can be allocated according the figure. 
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Figure 1  TDM multiplexing of coverage improvement levels
· Frequency division multiplexing:
In TDD-LTE system, an example of PRACH resource configuration is shown in Figure 2 for UL-DL configuration 3. In each frame, PRACH resources s in subframe 2 can be multiplexed in frequency. For each coverage improvement level, PRACH resources can be allocated according the figure.
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Figure 2 FDM multiplexing of coverage improvement levels
· Code division multiplexing:
As illustrated, in FDD LTE system, an example of PRACH resource configuration is shown in Figure 3. For each frame, PRB7~PRB12 in each subframe can be configured as PRACH resources and shared among all MTC UEs.  For each coverage improvement level, PRACH resources are allocated via preamble index as shown in the figure.
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Figure 3  Code multiplexing of coverage improvement levels
Note time, frequency and sequence division can also be combined to achieve more flexible resource allocation result. Considering the multiplexing efficiency and the impact to other UEs in the system, it is slightly preferred to adopt the sequence multiplexing method.

In addition, for low cost MTC UEs, radio channel fluctuation in time domain is slow. It is relatively easier to achieve frequency domain diversity through frequency hopping, compare with time domain diversity techniques. In appendix 1, simulation shows using simple frequency hopping schemes, 3dB gain can be achieved. Table 1 shows the Repetition times for PRACH with different coverage enhancement levels with/without frequency hopping
Table 1 Repetition times for PRACH with different coverage enhancement levels

	PRACH coverage improvement level
	Required repetitions w/o  Frequency Hopping
	Required repetitions with Frequency Hopping

	15dB
	150
	50

	10dB
	40
	10

	5dB
	6
	2

	0dB
	1
	1


Proposal 2：
(1) Time/Freq/Sequence Division multiplexing can be adopted for PRACH resource allocation;
(2) Frequency hopping scheme needs to be considered when designing PRACH resource allocation schemes.
2.3 Impact on the random access procedure
For MTC UEs in need of coverage improvement, the corresponding channels involved in the whole random access procedure need to be improved individually. If certain level of repetition is used for Msg1, corresponding repetition shall also be applied to Msg2, Msg3 and Msg4. The number of repetition needed for Msg2, Msg3 and Msg4 could be derived from coverage improvement level, repetition used by Msg1 or explicit signaling. For example, repetition number used for Msg3 could be adjusted by Msg2.
2.4 Relaxed requirement

As agreed before, relax of PRACH requirement, for example miss probability, Pmiss, could be a potential solution to help reach the coverage requirement. However, when allowing higher miss probability, some negative system impacts will be introduced. For example, higher Pmiss will increase the miss detection probability of Msg1, correspondingly increase the potential Msg2 detection windows number and the retransmission probability for PRACH, thus potentially increase the access latency and collision probability.  
Proposal 3：

The impact of relaxed requirement to RACH process needs comprehensive evaluation.
3. Conclusions
In this contribution, we have discussed the PRACH enhancement for MTC UEs. We propose that:
Proposal 1： MTC UEs are configured with the same preamble format in the same cell.  
Proposal 2：
(1) Time/Freq/Sequence Division multiplexing can be adopted for PRACH resource allocation;
(2) Frequency hopping scheme needs to be considered when designing PRACH resource allocation schemes.
Proposal 3：The impact of relaxed requirement to RACH process needs comprehensive evaluation.
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Annex
A.1 Simulation assumption and simulation results of PRACH Frequency Hopping
Table A.1 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 

	Max Round Trip Delay(Max RTD)
	5*(1/Fs)

	Number of  RACH Sequences Per Sector
	64

	RACH Sequence Type
	RACH Format 0

	Sequence Repetition Times
	1，2，10，50

	Resource Distribution
	Successive Subframe

	Frequency Hopping Granularity
	0PRB，6PRB，12PRB，18PRB，24PRB、30PRB，36PRB，42PRB

	Length of RACH Sequences
	839

	False Alarm Probability
	0.1%

	Miss Detection Probability
	1%


· Frequency Hopping Pattern for Repetition 2 times
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· Frequency Hopping Pattern for Repetition 10 times
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· Frequency Hopping Pattern for Repetition 50 times

[image: image6.emf]36PRB

Subfra

me 0

Subfra

me 1

Subfra

me 2

Subfra

me 3

Subfra

me 4

Subfra

me 5

Subfra

me 6

Subfra

me 7

Subfra

me 8

Subfra

me 9

RA(40) RA(41) RA(42) RA(43) RA(44)

RA(45) RA(46) RA(47) RA(48) RA(49)

… ...

Subfra

me 0

Subfra

me 1

Subfra

me 2

Subfra

me 3

Subfra

me 4

Subfra

me 5

Subfra

me 6

Subfra

me 7

Subfra

me 8

Subfra

me 9

RA(0) RA(1) RA(2) RA(3) RA(4)

RA(5) RA(6) RA(7) RA(8) RA(9)

Frame 0 Frame 4


· Frequency Hopping Gain with different Granularity
	Repetition 2 times, Frequency Hopping Gain(dB) ( comparing to FH=0PRB）
	FH=0PRB
	FH=12PRB
	FH=18PRB
	FH=24PRB
	FH=30PRB
	FH=36PRB
	FH=42PRB

	Pmiss=1%，Pfa=0.1%
	0
	1.33
	2.11
	2.88
	3.02
	3.59
	3.69


· Coverage Enhancement Gain with different Repetition 

	coverage enhancement Gain(dB),comparing to repetition 1 time
	Rep1
	Rep2
	Rep2& FH(36PRBs)
	Rep10
	Rep10 & FH(36PRBs)
	Rep50
	Rep50 & FH(36PRBs)

	
	
	
	
	
	
	
	

	Pmiss=1%，Pfa=0.1%
	0
	2.57
	6.16
	7.62
	11.61
	12.25
	15.79

	
	
	
	(2.57+3.59)
	
	(7.62+3.99)
	
	(12.25+3.54)
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