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1. Introduction 
In RAN#65 [1], a new WI has been approved to further enhance the physical layer for MTC.  One of the main objectives of this WI is:
· Target a relative LTE coverage improvement – corresponding to 15 dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage.

This contribution discusses some considerations on this coverage enhancement targets.

2. Discussion
In Rel-12, for coverage enhancement of 15 dB, the reference was clearly defined as that of a Category 1 UE and an absolute MCL target was defined.  In Rel-13, the WID indicated that the coverage enhancement is for Rel-13 LC-MTC UE and also for other UEs and the reference for this coverage improvement is “with respect to their respective nominal coverage”.  Using the assumptions from [2], the target MCL for UE Category 1, Category 0 and Rel-13 LC-MTC UE are as shown in Table 1, where it is assumed that the degradation for Rel-13 LC-MTC UE are 7 dB (4 dB from 1 Rx antenna & 3 dB from loss in frequency diversity) in the downlink and 3 dB (reduction in UL Tx power) in the uplink.  The target MCL for different UE categories are different and this may lead to different coverage enhancement targets for different UE category for each physical channel.
Table 1: Target MCL for different UE category

	Target MCL (dB)
	Cat. 1 UE
	Cat. 0 UE
	Rel-13 LC-MTC

	FDD
	155.7
	155.7
	152.7

	TDD
	161.7
	157.9
	154.9


Observation 1: For Rel-13, each physical channel may have different coverage enhancement target for different UE category.
Rather than defining multiple coverage enhancement targets for each physical channel (for each UE category), we can define a single target since it is easier to specify a single target (e.g. max number of repetitions) in the specifications.  This single set of targets can be:
1) Option 1: Based on the amount of coverage enhancement required for Rel-13 LC-MTC UE.  For example, if the PRACH (TDD) coverage enhancement targets are 15 dB and 11.2 dB for Cat. 1 and Rel-13 LC-MTC UE respectively, we will aim at LC-MTC UE coverage target of 11.2 dB as the coverage enhancement target for PRACH (TDD).
2) Option 2: Take the maximum coverage enhancement target of all UE categories for each channel.  For example, if the PDSCH (FDD) coverage enhancement targets are 10.3 dB and 14.3 dB for Cat. 1 and Rel-13 LC-MTC UE respectively, we aim at the larger target of 14.3 dB as the coverage enhancement target for PDSCH (FDD).
Option 1 may lead to cases where some UE categories may not hit the target 15 dB coverage enhancement. Option 2 would ensure that every UE category would meet at least 15 dB coverage enhancement target, with some UE categories exceeding the 15 dB target.  Hence, in order to meet the objective of 15 dB, we propose to use Option 2.
Proposal 1: A single coverage enhancement target (as a number of dB) is defined for all UE categories.  This target is to be set independently for each physical channel, as the greatest relative coverage enhancement required for that physical channel across all UE categories.

It is unclear in the WID whether coverage enhancement is expected to be an optional or a mandatory feature. Normally, the optional/mandatory status of features is discussed at the end of a release, but in the case of this WI it is important first to understand the combinations of features to be supported. In particular, the question arises as to whether the RAN1 specifications can assume that all Rel-13 LC-MTC UEs will support coverage enhancement or not. 

Rel-13 LC-MTC UEs will suffer from coverage loss due to the complexity reduction feature.  Since Rel-13 LC-MTC UEs are expected to coexist with normal UEs, typically in existing coverage, they need to at least have the same coverage as that of normal UE (e.g. Cat. 1 UE).  Therefore coverage enhancement should be mandatory for Rel-13 LC-MTC UE.  For other UE categories, coverage enhancement can be optional, and this can be confirmed as usual at the end of the WI when UE capabilities for Rel-13 are discussed.

Proposal 2: Coverage enhancement is mandatory for Rel-13 LC-MTC UEs, and hence RAN1 specifications do not need to consider the case of Rel-13 LC UEs that do not support coverage enhancement.

One of the objectives for coverage enhancement is [1]:

· The amount of coverage enhancement should be configurable per cell and/or per UE and/or per channel and/or group of channels. Relevant UE measurements and reporting to support this functionality should be defined.

In the Rel-12 discussions, three coverage levels were agreed for PRACH where each coverage level corresponds to a specific number of repetitions.  Subsequent messages such as RAR can be based on the coverage level used by the PRACH.  Having a coarse coverage level makes sense for initial access since the eNB does not have sufficient information on the radio condition of the UE.  However, after initial access or once the eNB would obtain more information on UE radio condition, finer granularity on the coverage level would improve the spectral efficiency.  Hence, the number of repetitions should be configurable when UE is connected and doing active transmission/reception.  Such configuration can be semi-static and/or dynamic.
Proposal 3: The number of repetitions used during active transmission/reception shall be configurable.  

The deeper the coverage hole a UE is in, the greater the number of repetitions required by that UE and the poorer the spectral efficiency of that UE.  Hence, it is beneficial that during high load, the eNB has the ability to bar access of such UEs.  Such an access barring mechanism can be defined in RAN2.
Proposal 4: Send an LS to RAN2 to consider introduction of access barring criteria corresopnding to the level of coverage extension (or number of repetitions) required by the UE.

3. Conclusion

In this contribution we have discussed some considerations for coverage enhancement operation.  We observed that:
Observation 1: For Rel-13, each physical channel may have different coverage enhancement target for different UE category.

We propose the following:

Proposal 1: A single coverage enhancement target (as a number of dB) is defined for all UE categories.  This target is to be set independently for each physical channel, as the greatest relative coverage enhancement required for that physical channel across all UE categories.

Proposal 2: Coverage enhancement is mandatory for Rel-13 LC-MTC UEs, and hence RAN1 specifications do not need to consider the case of Rel-13 LC UEs that do not support coverage enhancement.

Proposal 3: The number of repetitions used during active transmission/reception shall be configurable.  

Proposal 4: Send an LS to RAN2 to consider introduction of access barring criteria corresopnding to the level of coverage extension (or number of repetitions) required by the UE.

4. References

[1]
RP-141660, “New WI proposal: Further LTE Physical Layer Enhancements for MTC,” Ericsson, Nokia Networks, RAN#65
[2] TR36.888, “Study on provision of low-cost MTC UEs based on LTE (Release 12)”



























































































































































































































































































