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1 Introduction
One of the objectives of the recently started Rel-13 work item on “Further LTE Physical Layer Enhancements for MTC” [1] is to specify coverage improvements corresponding to 15 dB for FDD. The coverage improvements should be applicable for the new low-complexity UE type as well as for other UEs operating delay tolerant MTC applications. The coverage improvements should also be applicable for both FDD and TDD, although no explicit coverage target is specified for TDD in the WID.

2 Discussion

Study item TR 36.888 [2] contains useful reference LTE link budgets:

· Table 5.2.1.2-2 contains the reference FDD link budget.

· Table 5.2.1.2-3 contains the reference TDD link budget.

Table 1 summarizes the resulting MCL for each physical channel. The system bandwidth is assumed to be 20 MHz and the UE is assumed to be a Cat-1 UE. Further details can be found in section 5.2.1.2 in the TR [2].
Table 1: MCL summary in dB (TR 36.888 Table 9.2.1-1)
	Physical channel name
	PUCCH (1A)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH (1A)

	MCL (FDD)
	147.2
	141.7
	140.7
	145.4
	149.0
	149.3
	146.1

	MCL (TDD)
	149.4
	146.7
	147.4
	148.1
	149.0
	149.3
	146.9

	NOTE 1: 
eNB is assumed with 2 Tx and 2 Rx in FDD systems.

NOTE 2: 
eNB is assumed with 8 Tx and 8 Rx in TDD systems.

NOTE 3: 
PHICH is neglected and the function of PHICH can be implemented by PDCCH in case of cell edge.



According to the reference FDD link budget, the weakest channel is PUSCH. Therefore, in order to improve the overall FDD coverage with 15 dB, PUSCH needs to be improved with 15 dB, which results in 140.7 + 15 = 155.7 dB MCL for PUSCH. In order for the channels to be balanced, the other channels also need to be improved in order to match this MCL. Table 2 shows approximately how much each channel needs to be improved.

Table 2: Coverage enhancement targets for Cat-1 UE in FDD system
	Physical channel name
	PUCCH
(1a)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH

(1A)

	Required improvement (dB)
	8.5
	14.0
	15.0
	10.3
	6.7
	6.4
	9.6


The UE complexity reduction techniques are associated with some coverage degradation, so in order for the Rel-13 low complexity UE to have the same coverage as a Cat-1 UE, some additional coverage enhancement is needed by the Rel-13 low complexity UE.
Table 7.1 in the TR [2] indicates the estimated average coverage degradation for various combinations of UE complexity reduction techniques. However, in the end the degradation will depend on the technical details of how these complexity reduction techniques are implemented in the standard.

For example, frequency hopping may be able to compensate for the reduced frequency diversity resulting from the bandwidth reduction. This frequency hopping can either be seen as part of the implementation of the complexity reduction technique or as part of the compensation for the coverage loss. Similar difficulties to draw a sharp line between the implementation of a complexity reduction technique and the implementation of the compensation for its associated coverage loss arise when one physical channel (e.g. PDCCH) is replaced by another one (e.g. EPDCCH).

Therefore we propose to target a certain MCL rather than a certain amount of coverage enhancement for each physical channel.
Proposals:

· For FDD, the target MCL is 155.7 dB.

· For TDD, the target MCL is 155.7 dB [for UL-DL configuration 1].
· Unless otherwise stated, the MCL targets are valid under the assumptions in TR 36.888 subclauses 5.2 and 5.2.1.2.

3 Conclusions

Proposals:

1. For FDD, the target MCL is 155.7 dB.

2. For TDD, the target MCL is 155.7 dB [for UL-DL configuration 1].

3. Unless otherwise stated, the MCL targets are valid under the assumptions in TR 36.888 subclauses 5.2 and 5.2.1.2.
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