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1 Introduction
The Rel-13 eMTC work item [1] has discussed many parts of coverage enhancement. Some parts were also discussed in the Rel-12 work item. This has led to the development of some terminology which is used during RAN1 discussions and company contribution. This terminology tends to vary between companies and between agreements, even on the same basic topic. 
This paper proposes to harmonize the terminology used in the work item, and then to understand what it means for how the network and the UE can have different behavior depending on the situation with respect to coverage enhancement.

2 Discussion
In just RAN1#80bis, the following phrases were used:

· “amount of required CE”

· “in CE”

· “UEs in normal coverage”

· “in enhanced coverage”

· “not operating coverage enhancement”

· “in coverage enhanced mode”

· “with a coverage enhancement mode”
· “UE is configured with UL bundling”

These phrases have been used variously according to which channel and which coverage enhancement technique is being discussed.

2.1 UE support of coverage enhancement
At a basic level, the coverage enhancement (CE) feature being introduced by the work item is, according to the WID, usable by both low-complexity Rel-13 UEs and other Rel-13 UEs which do not have the low-complexity constraints. The other Rel-13 UEs might or might not be providing MTC services, but the WID as revised focuses the development of CE on the types of MTC services which can be provided by low-complexity UEs. The underlying point is that any Rel-13 can support coverage enhancement at the choice of the UE vendor.
Definition 1:
A Rel-13 UE does support or does not support Rel-13 coverage enhancement.

2.2 Operation of coverage enhancement

In the RAN1#79 meeting (in San Francisco), a way forward on RAR and Paging coverage enhancement was developed during an ad-hoc session in R1-145446 [2]. During that discussion, the term “UE operating coverage enhancement” was created for use in the WF, and the WF co-sourced by many companies. The same terminology has been used in other WFs, and using it consistently is useful. 

 We have the agreement from Rel-12, confirmed in RAN1#79, that:

· After the initial random access procedure, for a physical channel using repetition, the repetition level is up to network.
This conforms to a fundamental LTE principle that the network and, from a L1 point view, principally the eNB, has control of the resources and, although UEs can send useful information to the network regarding their condition (e.g. CQI, HARQ-ACK), it is usually up to the eNB whether to adhere to the information received. The one exception created in the Rel-13 WI so far is during the initial random access procedure. In this procedure the UE will, by some means to be determined, choose which PRACH resource set to transmit PRACH in. However, even then the UE’s discretion is limited to the PRACH set(s) configured by the eNB, and the UE cannot operate CE if no such PRACH resource set is configured.
Therefore, the operation or not of coverage enhancement is decided by the eNB.
Definition 2:
A Rel-13 UE is operating or is not operating coverage enhancement:

· During the initial random access procedure, a UE that does support CE is operating CE if it uses a PRACH resource set configured to provide coverage enhancement.

· Other than during the initial random access procedure, it is up to the network if a UE that does support CE is operating CE for a physical channel.

2.3 Different behavior in coverage enhancement per channel

At the per-UE per-channel level, whether to operate CE is communicated differently by the eNB, with RAN1 and RAN2 still working on some details of this. We outline a summary view of how the eNB and UE will have the same understanding as to the operation of CE in the following sections.
2.3.1 PBCH

· UE is operating CE for PBCH if the eNB sends repetitions according to agreed Option 3-A.

2.3.2 Physical downlink control channel for MTC

· UE-specific search space starting subframe is limited to a subset of subframes.

· UE is operating CE for the control channel if UE’s C-RNTI addressed control channel is found starting in a subframe corresponding to any amount of coverage enhancement.

2.3.3 PDSCH and PUSCH

· eNB allocates/grants PRBs for PDSCH/PUSCH

· in DCI; or

· MIB, MTC-SIB(s), or specification

· eNB may configure coverage enhancement techniques such as frequency hopping and other proposals, e.g. denser DM-RS, still under discussion.

· UE is operating CE for PDSCH/PUSCH if the respective transport block is to be transmitted in multiple subframes; or if use of any of the other coverage enhancement techniques is indicated.

2.3.4 PRACH

· UE is operating CE for PRACH if it uses any of the PRACH resource set(s) configured to provide coverage enhancement.

· UE is also operating CE for Ms2, Msg3, and Msg4 during the same random access procedure.

2.3.5 PUCCH

· eNB grants PUCCH resources

· in DCI; and/or

· MTC-SIB(s), or specification

· eNB may configure coverage enhancement techniques such as frequency hopping and other proposals, e.g. denser DM-RS, still under discussion.

· UE is operating coverage enhancement for PUCCH if the same UCI is to be transmitted in multiple subframes; or if use of any of the other coverage enhancement techniques is indicated.

· Note: Existing repetition of HARQ-ACK is considered to be operating coverage enhancement under this definition.

2.3.6 PCFICH, PHICH

· The UE is always not operating CE for PCFICH or PHICH.
In effect, a UE is operating CE if it is operating CE for at least one channel, but that does not require that any other particular channel is also operating CE.

2.4 Amount of coverage enhancement

The target MCL of 155.7 dB is the same for all physical channels, but their nominal coverage is different, leading to different amounts of coverage enhancement being needed per channel in the specifications. This is separate from the SINR gap between a UE’s prevailing received SINR on a physical channel were it not operating CE for that channel, and the SINR target for that channel which is implied from the 155.7 dB MCL target. Clearly, this SINR gap can be different per physical channel per UE.
Definition 3: Amount of required CE is the SINR gap for a given physical channel between:

· The received SINR on that channel were the UE not operating CE; and

· The SINR required on that channel to meet the MCL target of 155.7 dB
Whether it is necessary, and if so how, to classify amounts of CE into levels for transmissions other than PRACH (and possibly RAR) is a topic for later discussion in RAN1/RAN2. There has been some related discussion in UMTS SDT [3]. 
2.5 Unifying terminology
The above discussions and definitions lead us to suggest some neutral unifying terminology as follows:

a) Rel-13 UE which supports CE includes at least:
· Rel-13 low-complexity UE which supports CE

· Other Rel-13 UE which supports CE

b) Operating CE includes at least:
· “in CE”

· “in enhanced coverage”

· “in coverage enhanced mode”

· “with a coverage enhancement mode”
· “UE is configured with UL bundling”

c) Not operating CE includes at least:
· “UEs in normal coverage”

· “not operating coverage enhancement”

d)  “Operating CE” and “not operating CE” are understood to apply per physical channel
3 Conclusions
In this paper we have discussed how the coverage enhancement feature can exist at a high level, and also at a per-channel per-UE level. There have been a number of different phrases and terms used when referring to how coverage enhancement is being introduced, and it is useful for RAN1 to now agree to a single, coherent set of definitions with a common understanding which can then be used to ensure a consistent framework. Harmonized terminology will be needed before RAN1 comes to write CRs for the work item, and it is useful to have consistent language already for drafting LSs, so establishing some terminology earlier is better.
Definition 1:
A Rel-13 UE does support or does not support Rel-13 coverage enhancement.

Definition 2:
A Rel-13 UE is operating or is not operating coverage enhancement:
· During the initial random access procedure, a UE that does support CE is operating CE if it uses a PRACH resource set configured to provide coverage enhancement.

· Other than during the initial random access procedure, it is up to the network if a UE that does support CE is operating CE for a physical channel.

Definition 3: Amount of required CE is the SINR gap for a given physical channel between:

· The received SINR on that channel were the UE not operating CE; and

· The SINR required on that channel to meet the MCL target of 155.7 dB.

We then propose some related unifying terms to collect all the various different terms that have been used.

Proposal: Agree the above definitions and also the following:

a) Rel-13 UE which supports CE includes at least:
· Rel-13 low-complexity UE which supports CE

· Other Rel-13 UE which supports CE

b) Operating CE includes at least:
· “in CE”

· “in enhanced coverage”

· “in coverage enhanced mode”

· “with a coverage enhancement mode”
· “UE is configured with UL bundling”

c) Not operating CE includes at least:
· “UEs in normal coverage”

· “not operating coverage enhancement”

d)  “Operating CE” and “not operating CE” are understood to apply per physical channel
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