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1 Introduction

The definition of coverage enhancement and normal coverage were discussed in RAN1 #81 meeting. In fact, a number of agreements in RAN1 and RAN2 are relevant to the extent of coverage enhancement: 
Agreements in RAN1#81 [1]:

· UE determines based on RSRP measurement whether or not to start using one of the PRACH resource sets for CE (i.e., PRACH transmission with repetitions)
· For UEs in coverage enhancement, the repetition level for at least unicast PDSCH/PUSCH is dynamically indicated based on a set of values configured by higher layers

· The dynamic signaling is via:

· Option 1: existing field in DCI 

· Option 2: A new field in DCI dedicated to provide the number of repetitions 

Agreements in RAN2#90 [2]:
· From Mobility point of view, we need to discriminate between 2 cases, a) UEs in normal coverage, and b) UEs in enhanced coverage. Additional functionality for Normal UEs in EC (beyond support of LC UEs in EC) shall have low priority. 

· If a cell supports Rel-13 EC functionality, the Rel-13 UE supporting EC mode is allowed to select the cell in normal or enhanced coverage.

· The UE uses normal mode if the cell is suitable according to legacy/normal S criteria, and otherwise uses EC mode if the cell is suitable according to EC S criteria. This assumption is dependent on RAN4 outcome on measurements in EC. 
Agreements in RAN1#80:[3]
· No support of periodic CSI measurement and feedback for UEs in need of large coverage enhancement 

Agreements in RAN1#81:[1]
· CSI reference resource is extended to span multiple subframes M (M>1) at least for UEs in small DL coverage enhancement

· For Rel-13 low complexity UEs in normal [FFS: small enhanced] coverage, under cross-subframe scheduling

· Case 1:

· For unicast PDSCH, DCI indicates one of  narrow-band  and further indicate resource allocation within narrow-band 

In this contribution, we present our view on how to define the extent of coverage enhancement.
2 Necessity of defining normal coverage and enhanced coverage

As agreed in RAN2, two cases, a) UEs in normal coverage and b) UEs in enhanced coverage should be discriminated. RAN2 also introduces the ‘EC mode’ and ‘normal mode’ in the agreements on cell selection, which means both ‘normal S criteria’ and ‘EC S criteria’ should be defined. For an MTC UE making cell selection, it does not need to initiate PRACH. Thus, the MTC UE cannot use PRACH resource to decide whether it is operating CE or not for cell selection.

Thus, it is necessary to specify the terminology of normal coverage and enhanced coverage (in RAN2 terminology: whether the UE is in normal coverage mode or enhanced coverage mode).

Observation 1: It is necessary to specify the terminology of normal coverage and enhanced coverage

3 How to define normal coverage and enhanced coverage

Before a UE is RRC connected, the terminology on normal coverage and enhanced coverage are mainly applied to cell selection, cell search and random access procedure. The specification for UEs on these procedures is cell specific, so the terminology on normal coverage and enhanced coverage should be defined from cell-specific point of view.
Proposal 1: The terminology on normal coverage and enhanced coverage should be defined from cell-specific point of view.
According to RAN1 agreements on PRACH, UE should determine whether or not to start using one of the PRACH resource sets for CE based on RSRP measurement. Therefore, the selection of PRACH resource decides whether an MTC UE is operating CE or not during the initial random access procedure. 
However, for an MTC UE making (initial) cell selection, it does not need to initiate PRACH. Thus, the MTC UE cannot use PRACH resource to decide whether it is operating CE or not for cell selection.
Therefore, it is necessary to let UE know normal coverage or enhanced coverage before cell selection so as to apply suitable cell selection criteria. The definition of normal coverage or enhanced coverage should be dependent on DL measurement at this stage.

For example, the metric of DL measurement can be RSRP or pathloss. The eNB can set a metric threshold based on the statistics of actual radio channel measurement within the network. As shown in the figure 1-a, assuming the DL measurement is RSRP, if an MTC UE’s DL measurement is higher than the theoretical threshold, it means the UE is not operating CE (is in normal coverage mode in RAN2 terms). Otherwise, the UE can assume it is operating CE (in enhanced coverage mode in RAN2 terms).
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Figure 1: Define whether UE can assume it is operating CE based on DL measurement
Actually, there would be some measurement error for UE’s DL measurement, which may lead to some UE’s making erroneous decision on the coverage mode, which is shown in figure 1-b and figure 1-c.

As shown in figure 1-d, to avoid an MTC UE actually in CE mode determining its coverage mode as normal coverage mode arising from measurement error, the eNB can adjust the theoretical threshold considering DL measurement error by implementation. 

For UE’s actual DL measurements around and lower than theoretical threshold, the threshold adjustment means to over-protect its transmission, which is beneficial/reasonable for the UE because the UE is usually in challenging coverage environments, e.g. near the cell edge. 

Proposal 2: For MTC UEs, it is possible to define whether the UE can assume it is operating coverage enhancement (normal coverage mode vs CE mode) based on DL measurement(s).
4 The relationship between coverage mode and repetition number

The eNB should configure repetition number for DL transmission or UL reception. As analyzed in above section, the coverage definition is based on DL measurement. Even in normal coverage, the DL/UL transmission can still use repetition to cope with the coverage loss arising from techniques (e.g., bandwidth reduction, a single RF receive and UL transmit power reduction) of cost reduction. Therefore, the definition of normal coverage can be decoupled from the configuration of repetition number. The eNB can even configure small repetition number for some UEs in normal coverage.

Proposal 3: The definition of normal coverage or enhanced coverage should be decoupled from the configuration of repetition number.

5 Coverage enhancement level (or repetition level)
5.1 RRC_IDLE state
A maximum of 3 PRACH repetition levels can be configured by an eNB. Therefore, PRACH repetition level can be used to reflect the extent of coverage enhancement when RRC connection is not set up. Moreover, many agreements related to PRACH repetition level had been concluded. Therefore, the terminology of repetition level should be specified at least during random access process. Further, the eNB can configure a repetition number set for each PRACH repetition level, and indicate specific repetition number related to each PRACH repetition level to UEs.
Proposal 4: The terminology of repetition level should be specified at least during random access process.

5.2 RRC_CONNECTED state

After RRC connection, for other channels (e.g., M-PDCCH, PDSCH, PUSCH, PUCCH), many agreements related to the term of repetition level were also concluded. For example, it was agreed in the meeting [1], “For UEs in coverage enhancement, the repetition level for at least unicast PDSCH/PUSCH is dynamically indicated based on a set of values configured by higher layers”. 
The exact definition of repetition level for other channels needs further discussion. For example, the repetition level is of UE-specific level, which is determined by UE’s restricted channel (e.g., PRACH). For another example, the repetition level is channel-specific, and each channel will have corresponding repetition level configuration. Further, eNB could configure a repetition number set related to each repetition level, and one suitable repetition number can be indicated (e.g., by DCI) to an MTC UE to match the UE’s radio condition, which is beneficial to efficiently utilize resource. 

Alternatively, for one RRC connection state UE, an eNB can only indicate specific repetition number to the UE. Thus, the UE does not need to know the information of repetition level. However, the signaling overhead (e.g., using DCI to indicate the repetition number) may be large since the set of repetition number would need to cover different radio conditions.
6 Conclusions
In this contribution, we present our view on the definition of coverage enhancement and normal coverage, and how to define the coverage extent corresponding to each coverage enhancement level. The following proposals are given:
Observation 1: It is necessary to specify the terminology of normal coverage and enhanced coverage

Proposal 1: The terminology on normal coverage and enhanced coverage should be defined from cell-specific point of view.
Proposal 2: For MTC UEs, it is possible to define whether the UE can assume it is operating coverage enhancement (normal coverage mode vs CE mode) based on DL measurement(s).

Proposal 3: The definition of normal coverage or enhanced coverage should be decoupled from the configuration of repetition number.

Proposal 4: The terminology of repetition level should be valid at least during random access process.
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