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1 Introduction
[1] provides the core requirements for the new MTC WI, one of the preferred techniques being repetition. 
This contribution:

i. Analyses the performance and functionality impact upon deep hole MTC devices when repetitive legacy PRACH resources are employed and
ii. Proposes an alternate PRACH solution supporting coverage challenged MTC devices.
2 Discussion
2.1 Legacy PRACH Limitations
Section #9.5.3.1 [1] suggests applying power boosting on PRACH sequencse employed by coverage hole devices. It is observed that a deep coverage hole device may have no Tx power headroom available, since these devices may have already been operating at nominal Tx Power, once they operate bellow cell edge levels. 
Observation 1: Power boosting applied on PRACH by devices operating in deep coverage conditions may not be supported, due to the lack of UL TX power headroom.

The minimal PRACH cycle duration for all deep hole devices (-15 dB) are scheduled to report, is further calculated.
· Based on Table 5.2.1.2-2 [2] updated with requirements [1] (i.e. additional SINR=-15 dB and 4dB SNR between 1 and 2 UE Rx operation), the updated MCL (FDD), the related latencies are presented for an ideal case (AWGN channel):
· The following abbreviations and assumptions are used:

·  MCL is Maximum Coupling Loss, based on the assumptions presented in [2], for cell edge devices.

· MCL is the Maximum Coupling Loss difference for a device operating 15 dB bellow the cell edge level.

·  Signal Repetition is the amount of consecutive repetitions required for the respective PHY Channel. 

·  PRACH sequence assumes no collisions (scheduled reporting mode operation), though no Step 4 required.

·  4 PRACH subframe/frame for MTC traffic only.

·  1, 2, 4 or 8 reserved ZC signatures are assumed under Tokyo traffic model condition.

·  Other assumptions are presented in section 5.1.
	 
	 
	Scheduled PRACH Cycle (-12…-15) dB

	 
	 
	Allocated ZC Signatures

	(-12…-15dB) coverage device ratio
	 
	1
	2
	4
	8

	[%]
	 
	[s]
	[s]
	[s]
	[s]

	1
	RA Preamble (PRACH)
	11.7
	5.9
	2.9
	1.5

	 
	RA Response (PDSCH)
	24.4
	24.4
	24.4
	24.4

	 
	Mess 3 (PUSCH)
	28.9
	28.9
	28.9
	28.9

	 
	PRACH Total [s]
	65.0
	59.1
	56.2
	54.7

	3
	RA Preamble (PRACH)
	35.2
	17.6
	8.8
	4.4

	 
	RA Response (PDSCH)
	73.1
	73.1
	73.1
	73.1

	 
	Mess 3 (PUSCH)
	86.6
	86.6
	86.6
	86.6

	 
	PRACH Total [s]
	195.0
	177.4
	168.6
	164.2

	5
	RA Preamble (PRACH)
	58.7
	36.1
	14.7
	7.3

	 
	RA Response (PDSCH)
	121.8
	121.8
	121.8
	121.8

	 
	Mess 3 (PUSCH)
	144.4
	144.4
	144.4
	144.4

	 
	PRACH Total [s]
	324.9
	302.4
	280.9
	273.6

	7
	RA Preamble (PRACH)
	82.1
	41.1
	20.5
	10.3

	 
	RA Response (PDSCH)
	170.6
	170.6
	170.6
	170.6

	 
	Mess 3 (PUSCH)
	202.2
	202.2
	202.2
	202.2

	 
	PRACH Total [s]
	454.9
	413.8
	393.3
	383.0

	9
	RA Preamble (PRACH)
	105.6
	52.8
	26.4
	13.2

	 
	RA Response (PDSCH)
	219.3
	219.3
	219.3
	219.3

	 
	Mess 3 (PUSCH)
	259.9
	259.9
	259.9
	259.9

	 
	PRACH Total [s]
	584.9
	532.1
	505.7
	492.5

	11
	RA Preamble (PRACH)
	129.1
	64.5
	32.3
	16.1

	 
	RA Response (PDSCH)
	268.1
	268.1
	268.1
	268.1

	 
	Mess 3 (PUSCH)
	317.7
	317.7
	317.7
	317.7

	 
	PRACH Total [s]
	714.8
	650.3
	618.0
	601.9


Table 2‑1 Minimal PRACH cycle duration estimates based on assumptions presented in 5.1.
It is noted that:

· Since MTC devices share the same PRACH resources as human traffic, the legacy PRACH allocation becomes a bottle neck, given the increased amount of repetitions required by deep coverage hole devices.

· Since these MTC PRACH resources use time domain only resources, the related RA Response (using PDCSH) and Mess 3 (PUSCH based) also require a time domain repetitive sequence, which increases even more the overall reporting cycle of all cell devices, due to the extended PRACH cycle for same devices.

· It is noted that these estimates are based on ideal channel conditions, real channel conditions providing even worse results.
· The yellow ink cells indicate the cases when the overall PRACH cycle duration exceeds 60 s (the optional UL regular reporting time [2]
· The red ink cells indicate all cases when the overall PRACH cycle duration exceeds the mandatory 5 min regular reporting traffic for all devices, based on Tokyo urban traffic model [2].

· All estimated minimal PRACH cycle durations exceed the suggested limited mobility regular traffic reporting.

· All estimated minimal PRACH cycle duration exceed by far the NW and event triggered reporting requirements [2]
Two operational cases emerge:

1. Scheduled (regular) reporting

Based on the above assumptions and date presented in Table 2‑1, the related plots are presented.
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Figure 2‑1 Minimal PRACH cycle duration for devices positioned in (-12…-15 dB) coverage holes, for 1, 2, 4 and 8 ZC signatures, based on assumptions presented in 5.1.

Observation 2:  An (optional) UL reporting interval of 1 min is not sustainable for all cases when the ratio of (-12…-15 dB) hole devices is more than 1%, when legacy PRACH is employed.
Observation 3:  The regular UL reporting interval of 5 min is not sustainable for all cases when the ratio of (-12…-15 dB) hole devices is more than 5%, when legacy PRACH is employed, when legacy PRACH is employed. 
It should be noted that all estimates presented hereby are optimistic case: EPA 1 Hz channel and adding up the other steps of the initial access procedure (PSS/SSS. PBCH, SIB and PDCCH decoding) degrading even more these values.
2. Triggered reporting
Assuming a grid wide event affecting all users of one or more cells, all related smart meters would execute a triggered reporting, immediately after the event of after power is restored to normal conditions.

[3] calculates RACH Intensity for different smart meter scenarios, for regular coverage case. Based on the assumptions presented in, PRACH Intensity is presented in Figure 2:

Since the percentage of deep-hole devices is dependent on the local geography, the amount of deep hole devices (-15 dB bellow cell edge coverage conditions), this percentage is not fixed. Bellow diagram presents the distribution of RACH intensity, calculated based on the methodology defined by [5].
It is observed that for Pc=0.01, the required amount of RACH opportunities exceeds 1.5E6/s for Triggered Response and in excess of 500,000 for the Command Response cases (Tokyo traffic model for 5% or more of devices located in -12…-15 dB coverage hole). Both are un-sustainable, since max amount of PRACH opportunities is 54000 (assuming max allocation of 10 PRACH per frame).

The above facts point to the serious impact the deep hole device traffic has upon PRACH resources, which should be shared with the human traffic, when deep coverage holes have to be serviced.
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Figure 2‑2. RACH intensity based on Tokyo and London Urban models, for -15 dB deep hole 1 Rx devices
Observation 4: Legacy PRACH can’t support coverage deficit traffic.

Proposal 1: A newly dedicated PRACH design and/or new PRACH resource dedicated for MTC use should be considered in order to support deep-hole coverage traffic.
2.2 PRACH Resource Management
A deep-hole MTC device presumed to access a given eNB, has to
(i) synchronize, 
(ii) decode PBCH of the respective eNB, 
(iii) signal the coverage depth level and 
(iv) be allocated one or more sets of reserved ZC signatures on a dedicated machine PRACH resource allocation (separated of the human traffic), depending on the coverage hole depth. 
The following possibilities could be considered.
A. Time Domain Multiplexing

Then in order to minimize the amount of collisions across the reserved set of signatures for a given coverage hole depth, the PRACH access could be time multiplexed with a SFN synchronization provided as in the example provided in Figure 3 (yellow subframes are PRACH)
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Figure 2‑3. Example of time domain PRACH multiplexing scheme.
· Set of PRACH signatures {Ai} could support coverage hole devices requesting repetition sequences x2 and x4.
· Set of PRACH signatures {Bi} could support coverage hole devices requesting repetition sequences x8.
· Other synchronized PRACH time domain multiplexing schemes could be considered.
Proposal 2: Synchronized time domain multiplexing should be considered for reserved sets of PRACH signatures when supporting deep-hole MTC traffic.
B. Frequency Domain Multiplexing/Hopping

In order to minimize long PRACH repetition sequences, reserved sets of PRACH signatures could be allocated simultaneously across main PRACH resource and MTC PRACH resource or across even more MTC PRACH resources if allocated. An example is provided in Figure 4.

In Fig 2-4, the repetition sequence length is halved by reserving PRACH signatures across main and MTC band allocations. It is noted that the PRACH subframes are not scheduled simultaneously across main and MTC subframes in order to avoid exceeding MTC device UL power headroom.

It should be also mentioned that configuring PRACH allocations for MTC access on MTC and main PRACH band or even across multiple UL MTC bands (if allocated) provides the following advantages:

i. Reduces the overall initial PRACH access time, requested by long repetitions.
ii. Alleviates the potential increased access latencies, following large scale events across the respective grid(s), triggering in return PRACH overloading, by allocating a combination of time and frequency domain PRACH resources on demand.
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Figure 2‑4. Example of frequency multiplexing for reserved PRACH sets of signatures employed by deep-hole MTC traffic.
Proposal 3: Synchronized frequency domain multiplexing should be considered for reserved sets of PRACH signatures when supporting deep-hole MTC traffic.

A hopping mechanism and/or PRACH duplication in frequency domain could be employed in order to enhance the coverage and meanwhile mitigate the interference among UEs, by taking advantage of frequency diversity gain and interference randomization. As described in Fig.2-5, for MTC UE1, its PRACH transmission can be hopped in the frequency domain over different PRACH subframes, i.e., hopped from resource #0 in TTI #m to resource #1 in TTI #n; for MTC UE2, its PRACH transmission can be duplicated in frequency domain in one PRACH subframe, i.e., duplication on resources #1 and #2 in TTI #m.
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Figure 2‑5. PRACH duplication and/or hopping
Proposal 4: Consider MTC PRACH hopping mechanism and/or PRACH duplication in frequency domain (e.g., between legacy PRACH and MTC Band or among different MTC PRACH bands).
C. Code Domain Multiplexing

The methods mentioned above are proposed to expand available PRACH resources in time/frequency domain in a pure orthogonal way in order to better support devices operating in deep coverage holes. To alleviate the potential impact of MTC PRACH, during massive access events, upon the human PRACH access, a pseudo-orthogonal way to expand PRACH resource pool could also be considered e.g., configuring separate ZC root sequences for MTC UEs, different of legacy UE ones. The criteria for eNB to configure ZC root sequence for MTC UEs is to assure a close CM value between MTC UEs’ ZC root sequence and legacy UEs’ so that interference randomization could be achieved in one cell even if PRACH preambles of MTC UEs and legacy UEs generated from different ZC root sequences collide at the same frequency-time resources. 

Proposal 5: Consider the code domain configuration of separate pools of ZC root sequences for MTC UEs. 
3 Conclusions

The following observations and conclusions emerge:
Observation 1: Power boosting applied on PRACH by devices operating in deep coverage conditions may not be supported, due to the lack of UL TX power headroom.

Observation 2:  An (optional) UL reporting interval of 1 min is not sustainable for all cases when the ratio of (-12…-15 dB) hole devices is more than 1%, when legacy PRACH is employed.

Observation 3:  The regular UL reporting interval of 5 min is not sustainable for all cases when the ratio of (-12…-15 dB) hole devices is more than 5%, when legacy PRACH is employed, when legacy PRACH is employed. 

Observation 4: Legacy PRACH can’t support coverage deficit traffic.
Proposal 1: A newly dedicated PRACH design and/or new PRACH resource dedicated for MTC use should be considered in order to support deep-hole coverage traffic.
Proposal 2: Synchronized time domain multiplexing should be considered for reserved sets of PRACH signatures when supporting deep-hole MTC traffic.
Proposal 3: Synchronized frequency domain multiplexing should be considered for reserved sets of PRACH signatures when supporting deep-hole MTC traffic.
Proposal 4: Consider MTC PRACH hopping mechanism and/or PRACH duplication in frequency domain (e.g., between legacy PRACH and MTC Band or among different MTC PRACH bands).

Proposal 5: Consider the code domain configuration of separate pools of ZC root sequences for legacy UEs and MTC UEs. 
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5 Assumptions
5.1 Coverage Hole Traffic Assumptions

· Number of ZC signatures allocated per coverage hole: 1, 2, 4 or 8 (as specified in the respective figure)
· Type of ZC signatures allocation per coverage hole: fair

· Number of UL PRACH subframes per frame: 4
· Number of RA Response repetitions per subframe: 2
· Number of Mess 3 (PUSCH)repetitions per subframe: 2
· Traffic model: Tokyo urban (18051 devices per cell)

· PRACH allocation: legacy (main 6 PRBs allocation)

· Channel Type: AWGN

	PHY Channel/ Signal
	Target SINR
	Actual Tx Power
	Rx Sensitivity
	FDD MCL
	FDD Channel MCL
	Required Signal Repetition
	Signal per Frame
	Latency

	 
	[dB]
	[dBm]
	[dBm]
	[dB]
	[dB]
	 
	 
	[ms]

	RA Preamble
	-10
	23
	-118.7
	141.7
	14.0
	26
	2
	130

	Mess 3 (PUSCH)
	-4.3
	23
	-117.7
	140.7
	15.0
	32
	2
	160

	RA Response (PDSCH)
	-4
	32
	-109.4
	141.4
	14.3
	27
	2
	135


Table 5‑1. Look-up table used for estimating minimal PRACH cycle duration.
5.2 PRACH Intensity for Hole Traffic. Assumptions.

· Traffic model: Tokyo urban (18051 devices per cell)

· Number of UL PRACH subframes per frame: 10
· Coverage Hole type: (-12…-15 dB) bellow cell edge level.

· Amount of PRACH repetitions: 32
1
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