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1. Introduction
In the Further LTE Physical Layer Enhancements for MTC, one of the objectives is to enhance the coverage by 15 dB [1].  The terms “Coverage Level”, “Repetition Level” and “Coverage Mode” have been used extensively in discussions during the WI.  However, they are not clearly defined.  This contribution is aimed at clarifying these definitions.
2. Discussions
It was agreed in [2] that a maximum of 3 Coverage Levels are defined for PRACH excluding the normal coverage.  It is generally understood that a PRACH Coverage Level refers to a range (in dB) of coverage enhancement, for example:

· Coverage Level 1 range: 0 dB < CL1 ≤ 5 dB

· Coverage Level 2 range: 5 dB < CL2 ≤ 10 dB

· Coverage Level 3 range: 10 dB < CL3 ≤ 15 dB

Hence, it would be good to clarify this definition, i.e., a Coverage Level refers to a range of coverage enhancement.

Proposal 1: A Coverage Level is defined as a range (in dB) of coverage enhancement.

For PRACH, each Coverage Level consists of a single number of repetitions to represent a range of coverage enhancement.  This is reasonable since the initial determination of the LC-MTC UE’s Coverage Level would be coarse due to inaccuracies of initial measurements and lack of feedback from the eNB.  However, other physical channels, e.g. PDSCH, can benefit from finer granularity of number of repetitions due to different MCS used and availability of feedbacks.  Furthermore, finer repetition granularity would improve the spectral efficiency of the channel.  Therefore, within a range of coverage enhancement, i.e., Coverage Level, we should allow more than one number of repetitions.  These different numbers of repetitions within a Coverage Level can be termed as Repetition Levels, i.e., a Repetition Level refers to an actual number of repetitions used for a physical channel within a Coverage Level.  Therefore, within a coverage level, the Repetition Level applied to a physical channel can be selected from a set of multiple potential Repetition Levels, which can be RRC configured.
Proposal 2: Within a Coverage Level, the Repetition Level assigned to a physical channel can be selected from a set of multiple potential Repetition Levels.
Proposal 3: A Repetition Level refers to a specific number of repetitions within a Coverage Level.
Three Coverage Levels are agreed for PRACH but it is currently unclear on the number of Coverage Levels for the other physical channels.  Three coverage levels may seem coarse for other channels, however, since we can have more than one Repetition Level within a Coverage Level, there is little benefit in defining more than 3 Coverage Levels for other physical channels.  We would therefore prefer to have 3 Coverage Levels for all the other physical channels.  This would simplify the specifications such that the LC-MTC UE operates in a single Coverage Level for all physical channels at a time.  This avoids cases where a LC-MTC UE operates one channel, e.g. PDSCH in Coverage Level 1 whilst it operates another channel ,e.g., PUSCH in Coverage Level 2.  Hence, if an LC-MTC UE is configured to operate in a specific Coverage Level, all the physical channels would operate at that Coverage Levels.
Proposal 4: Define three (3) Coverage Levels for all the physical channels, excluding normal coverage.
Proposal 5: LC-MTC UE can only operate in one Coverage Level at a time.
It is expected that LC-MTC UE in normal coverage and in coverage enhancement have different modes of operation.  As the LC-MTC WI has progressed, it is apparent that the coverage enhanced mode can be further divided into low coverage enhanced mode and deep coverage enhanced mode.  LC-MTC UE operating in a different mode has a different behavior.  The link between the different coverage enhanced mode and the Coverage Level is not clear.  It is straightforward to have a one-to-one link between the Coverage Level and the different coverage enhanced mode, such that LC-MTC UE operating in Coverage Level 1 is considered to be operating in low coverage enhanced mode and LC-MTC UE operating in Coverage Level 2 or Coverage Level 3 is considered to be operating in deep coverage enhanced mode.  The Coverage Level (and coverage enhanced mode) is RRC configured.
Proposal 6: LC-MTC UE operating in Coverage Level 1 is considered to be operating in Low Coverage Enhanced mode.

Proposal 7: LC-MTC UE operating in Coverage Level 2 or Coverage Level 3 is considered to be operating in Deep Coverage Enhanced mode.

Some offline discussions were made regarding the definition of normal coverage and coverage enhanced without any conclusion.  The options discussed were:

· Option 1: LC-MTC UE is in coverage enhanced if its coverage is beyond that of Cat-1 UE

· Option 2: LC-MTC UE is in coverage enhanced if it requires repetition

As described previously, it is generally understood that LC-MTC UE operating in normal coverage would have different behavior to that operating in coverage enhanced mode.  Most of the behaviors defined for normal coverage assume the LC-MTC UE does not require repetitions, for example, frequency hopping is defined only for coverage enhanced mode where repetitions exist.  Hence, if Option 1 is used then there is ambiguity on the behavior the LC-MTC UE is supposed to follow since some repetitions are required to bridge the coverage gap between LC-MTC UE and Cat-1 UE.
On the other hand, if Option 2 is used, it is unclear whether it refers to only one or more than one channel with repetitions since, at the border region some channels may require repetitions whilst others may not.  In this scenario it is again unclear which behavior the LC-MTC UE should follow.  For example, in RAN1#81, we agreed the following:

· CSI reference resource is extended to span multiple subframes M (M>1) at least for UEs in small DL coverage enhancement

If PUCCH does not require repetition but PDSCH requires repetition, should the LC-MTC UE change its CSI reference resource?  It is possible to define different behaviors for different channels (e.g. PUCCH behaves like normal coverage if it does not have repetitions whilst PDSCH behaves like coverage enhanced mode when it is performing repetitions) but this would create unnecessary complication and should be avoided.  It is preferable that a single behavior is applied for the LC-MTC UE rather than applied per individual channels.
Both Option 1 and Option 2 have their merits and drawbacks.  However, it would be clearer for the LC-MTC UE and network if a clear definition is made and whether UE is in normal or coverage enhanced mode is RRC configured.  One straight forward way is to adopt Option 2 and clarify it such that the behavior (normal or coverage enhanced) is linked it to the configured Coverage Level.  For example we can define a Coverage Level 0 (where none of the physical channels are repeated) and link it with normal coverage whilst if the LC-MTC UE Coverage Level is greater than 0, then it is considered to be in coverage enhanced mode.
Proposal 8: LC-MTC UE is considered to be in coverage enhanced mode if it is in Coverage Level 1, Coverage Level 2 or Coverage Level 3.  Otherwise the LC-MTC UE is in normal coverage mode.

An example relationship between Coverage Level, Repetition Level and coverage mode is shown in Table 1.  Here RL# refers to Repetition Level # (e.g. RL1 means Repetition Level 1 for a specific Coverage Level) and when the number of repetitions is 1, it means no repetition is used.  For example, for Coverage Level 1, the PDSCH has 3 Repetition Levels where the number of repetitions that it can use are {p1, p2, p3}.  Here we also make it general that:

· In a Coverage Level,  different channels can have different numbers of Repetition Levels; and
· The number of repetition levels for a particular channel can change with the Coverage Level.

It may also be beneficial to allow overlapping number of repetitions between two Coverage Levels, for example, for MPDCCH, Repetition Level 4 (RL4 = q4) in Coverage Level 1 has the same number of repetitions as that of Repetition Level 1 (RL1 = q4) in Coverage Level 2.  This allows the LC-MTC UE to fallback to a high number of repetitions in Coverage Level 1 in case the radio conditions suddenly degrades to that of Coverage Level 2.
Table 1: Example Coverage Level, Coverage Mode & Repetition Level

	Coverage Level
	Coverage Mode
	Repetition Level & Number of Repetitions

	
	
	PDSCH
	MPDCCH
	PUSCH
	PUCCH
	PRACH

	0
	Normal
	RL1 = 1
	RL1 = 1
	RL1 = 1
	RL1 = 1
	RL1 = 1

	1
	Low Coverage Enhanced Mode
	RL1 = p1
RL2 = p2
RL3 = p3
	RL1 = q1
RL2  = q2
RL3 = q3
RL4 = q4
	RL1 = x1
RL2 = x2
	RL1 = y1 = 1
RL2 = y2
	RL1 = z1

	2
	Deep Coverage Enhanced Mode
	RL1 = p3
RL2 = p4
RL3 = p5
RL4 = p6
	RL1 = q4
RL2  = q5
RL3 = q6

	RL1 = x3
RL2 = x4
RL3 = x5

	RL1 = y2

RL2 = y3
RL3 = y4
	RL1 = z2

	3
	Deep Coverage Enhanced Mode
	RL1 = p6

RL3 = p7
	RL1 = q6
RL2  = q7
	RL1 = x5
RL2 = x6
	RL1 = y4

RL2 = y5
	RL1 = z3


3. Conclusion
This contribution clarifies the definition of Coverage Level, Repetition Level and Coverage Mode and forms a relationship among them.  We propose:
Proposal 1: A Coverage Level is defined as a range (in dB) of coverage enhancement.

Proposal 2: Within a Coverage Level, a physical channel can have more than one number of repetitions.
Proposal 3: A Repetition Level refers to a specific number of repetitions within a Coverage Level.

Proposal 4: Define three (3) Coverage Levels for all the physical channels, excluding normal coverage.
Proposal 5: LC-MTC UE can only operate in one Coverage Level at a time.
Proposal 6: LC-MTC UE operating in Coverage Level 1 is considered to be operating in Low Coverage Enhanced mode.

Proposal 7: LC-MTC UE operating in Coverage Level 2 or Coverage Level 3 is considered to be operating in Deep Coverage Enhanced mode.

Proposal 8: LC-MTC UE is considered to be in coverage enhanced mode if it is in Coverage Level 1, Coverage Level 2 or Coverage Level 3.  Otherwise the LC-MTC UE is in normal coverage mode
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