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1. Introduction
The low cost & enhanced coverage for MTC UE WI was approved at RAN #60 [1]. Repetition sequences were identified as the main vehicle for supporting PHY Channels operation when servicing MTC devices operating below cell edge levels. 

Since massive repetition based patterns are spectrum inefficient, optimizing the appropriate amount of repetitions (pattern) in relationship with the coverage deficit of a MTC UE, improves the overall spectrum efficiency for coverage deficit devices. The coverage deficit range could be signaled to eNB by coverage deficit devices in order to allow the eNB to support schedule resources for a small amount of coverage deficit ranges (bellow cell edge levels), thus allowing eNB to properly perform an initial resource scheduling for machine devices, during initial access.
2. Discussion
Coverage deficit devices experiencing a coverage deficit could employ PRACH repetitions (unless a new PRACH design is envisioned), facing the following challenges:

· One MTC UE experiencing a -15 dB coverage deficit must ride the same set of PRACH signature consecutively for 26 times PRACH FDD subframes [5], during the initial RA request, triggering the following consequences: 
· 26x times increased collision risk for the respective PRACH signature.
· A new mechanism of allocating one PRACH sequence to one MTC UE across multiple time/frequency domain resources has to be defined. Since this requires changes in actual 36.211 specifications, a repetition based PRACH is equivalent with a new PRACH.
Observation 1: A repetition based PRACH require specification changes, therefore it represents a new PRACH. 

· A coverage deficit device should employ a coverage deficit signalling method, prior to engage PRACH channel, in order to inform eNB allocating proper reserved PRACH resources for the respective deficit. Particularly for Low Cost MTC devices, assumed to use low quality LO circuitry, the re-synchronization requirements are expected to be more stringent than in a handset case. Since these devices operate in NLOS environments usually, it is assumed that the RF environment gets changed and a new re-sync should be required every few minutes, since the device is expected to operate most of the time in IDLE mode. Therefore the coverage deficit signalling method should be called every time when the MTC device transitions [5]:

· From non-connected mode to RRC connected.

· From IDLE to CONNECTED mode.

· During a cell selection procedure (since a coverage deficit device is assumed to operate in a stationary mode).
Observation 2: A coverage deficit device may be required to employ a coverage deficit signaling method a few times a day. 

· Not all MTC devices experience the same coverage deficit, since the coverage deficit could be variable, being location and channel dependant. 
· PRACH resources allocated to coverage deficit devices should be assigned in relationship with their coverage scalability requirements.
Observation 3: A coverage deficit signaling mechanism should be defined in relationship with coverage scalability requirements. 

· The central 6 UL PRBs can’t be used for MTC access, due to the significant amount of PRACH repetitions employed by coverage deficit traffic, potentially leading to exhausting the main UL 6 PRB resources for human traffic (also see [3]). 
Observation 4: The MTC PRACH traffic could use the legacy PRACH resource allocation, when the amount of machine devices is smaller than the amount of human devices for the same cell.
Observation 5: The MTC PRACH traffic may be allocated separate PRACH resource allocations, allocation, when the amount of machine device becomes larger than the amount of human devices for the same cell.
· A MTC UE with a known LO performance could estimate the amount of extra coverage required, by measuring SYNC Detection Probability, across a given PSCH detection window. As an example, [4] provides PSS/SSS time acquisition simulations indicating a possibility to derive the related SINR, for a given Sync Detection Probability.
Observation 6: A MTC UE device positioned in a coverage hole could use SYNC Detection Probability across a given PSCH detection window in order to detect its coverage hole depth range.
It should be noted that MTC devices operating in deep coverage holes may not have any available UL power headroom, though power PRACH power boosting is not applicable for this case.
Observation 7: Power boosting can’t be employed by coverage deficit devices due to the lack of UL power headroom.
Since Coverage Hole Depth has to be signaled prior to any cell selection/re-selection or any UL synchronization, the only available asynchronous PHY channel/signal is PRACH. 
Proposal 1: Coverage deficit signalling is PRACH based.
Therefore a coverage hole depth signaling method should comply with the following requirements:
·  Avoid PRACH power boost, since CE devices may not have any RF power headroom left, since they operate bellow cell edge level.

·  Recognize coverage scalability requirements. A number of 5 coverage depth ranges may be employed , based on  a 3 dB step allocation: {0…-3}dB, {-3…-6} dB, {-6…-9} dB, {-9…-12} dB, {-12…-15} dB.

· Alternatively in order to alleviate an increased number of un-successful PRACH attempts due to inaccurate RRSP measurements, a 3 coverage deficit ranges could be defined, as follows:

·  Low Coverage Deficit:{0…-6}dB, Medium Coverage Deficit: {-6….-12} dB and Deep Coverage Deficit: <-12 dB
·  The same PRACH signature(s) used for signaling a coverage deficit range is required to be employed for a longer repetition based sequence.
·  A minimal number of PRACH signatures should be employed for coverage deficit signaling.
Proposal 2: Coverage deficit signalling should support either 5 different coverage deficit ranges in 3 dB steps, or 3 coverage deficit ranges (e.g. 0….-6dB, -6….-12 dB, -12….-15dB
Since an MTC device positioned in a coverage hole, had been previously PSCH synchronized and detected SFN via MIB (the related procedure is out of scope for this document), the coverage signalling pattern could be SFN synchronized (e.g. the synchronization pattern could runs across multiples of 8k frames=80k ms, where k=1, 2, 3, …). This is equivalent to a synchronous PRACH transmission.
Proposal 3: Synchronous PRACH transmission should be employed for coverage deficit signalling.
In order to minimize the overall signalling duration for deepest coverage holes, a second signature or set of signatures could be employed (frequency domain) over the legacy PRACH resource and used in conjunction with a specific pattern employed on the MTC PRACH allocation, allowing collisions. Such an implementation has the following advantages:

1. It minimizes the signalling duration of the lower coverage deficit ranges (e.g, 80 or 160 ms, implementation dependent). However the two PRACH signatures or sets of signatures employed across MTC and legacy bands cannot be used simultaneously, but within the same frame, in order to avoid exceeding UL power headroom and pushing out of the linear region UE RF Tx PA.
2. It employs optimal amount of PRACH signatures.

3. It supports coverage deficit scalability and allocates PRACH resources to different coverage deficit ranges for hole depth signalling only if required.
Proposal 4: Coverage deficit signalling may use reserved PRACH signatures employed across MTC band and legacy bands, for coverage deficit range signalling, in order to reduce the overall signalling duration.
There have been discussions indicating the lower RRSP measurement accuracy concerning CE devices. However this CE signalling method should not become a show-stopper since:

· This method is a temporary one, employed only to allow the CE device to successfully execute PRACH, afterwards proper RSRP measurements should have been carried over under NW control.

· If the estimated coverage level is lower than the real one (due to possible inaccurate RSRP measurement), following an un-successful PRACH attempt, the CE device will consider the RSRP estimate as being inaccurate and downgrade its estimate coverage level to the next lower one.

Proposal 5: Following an un-successful PRACH attempt, a CE device will downgrade its estimated coverage depth range to the next lower one,

After RRC connection, a different type of coverage deficit measurements may be supported. One possibility would be to configure different repetition amounts for each DL/UL channel individually, subject to possible combining boosting techniques.

Proposal 6: Following RRC connection, a different type of coverage deficit measurements may be supported, possibly including dedicated repetition based configurations for each DL/UL channel.

3. Conclusions

In this contribution, we analyzed the requirements of a new coverage hole signaling method and proposed a possible method. Following observations and proposals are summarized:
Observation 1: A repetition based PRACH require specification changes, therefore it represents a new PRACH. 
Observation 2: A coverage deficit device may be required to employ a coverage deficit signaling method a few times a day. 
Observation 3: A coverage deficit signaling mechanism should be defined in relationship with coverage scalability requirements. 

Observation 4: The MTC PRACH traffic could use the legacy PRACH resource allocation, when the amount of machine devices is smaller than the amount of human devices for the same cell.
Observation 5: The MTC PRACH traffic may be allocated separate PRACH resource allocations, when the amount of machine device becomes larger than the amount of human devices for the same cell.
Observation 6: A MTC UE device positioned in a coverage hole could use SYNC Detection Probability across a given PSCH detection window in order to detect its coverage hole depth range.

Observation 7: Power boosting can’t be employed by coverage deficit devices due to the lack of UL power headroom.
Proposal 1: Coverage deficit signalling is PRACH based.

Proposal 2: Coverage deficit signalling should support either 5 different coverage deficit ranges in 3 dB steps, or 3 coverage deficit ranges (e.g. 0….-6dB, -6….-12 dB and <-12 dB)

Proposal 3: Synchronous PRACH transmission should be employed for coverage deficit signalling.

Proposal 4: Coverage deficit e signalling may use reserved PRACH signatures employed across MTC band and legacy bands, for coverage deficit depth signalling, in order to reduce the overall signalling duration.
Proposal 5: Following an un-successful PRACH attempt, a CE device will downgrade its estimated coverage depth range to the next lower one.

Proposal 6: Following RRC connection, a different type of coverage deficit measurements may be supported, possibly including dedicated repetition based configurations for each DL/UL channel.
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