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1 Introduction
According to the WID of Rel-13 work item on MTC enhancements [1], the following scope is defined regarding coverage enhancement:
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.
In this contribution, we analyze the coverage enhancement targets of different physical channels/signals.
2 Discussion

The coverage enhancement target is 15dB for FDD while it is not clear for TDD. It is proposed that the coverage enhancement target for TDD is to achieve the same MCL as FDD based on the assumptions used in the SI.

Proposal 1: The coverage enhancement target for TDD is to achieve the same MCL as FDD.

In the following, we analyze the coverage enhancement targets of different physical channels/signals for different types of UE.
Category 1 UE
The MCL for category 1 UE was calculated as follows in TR36.888.
Table 1: MCL for LTE category 1 UE
	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

	Note1: eNB is assumed with 2 Tx and 2 Rx in FDD systems.

Note2: 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.


In order to meet the 15dB coverage enhancement target, i.e. 155.7dB MCL, the coverage enhancement targets of different channels/signals for category 1 UE are shown in Table 2.

Table 2: Coverage enhancement targets for LTE category 1 UE

	Physical channel name
	PUCCH (1A)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH (1A)

	MCL (FDD)
	8.5
	14
	15
	10.3
	6.7
	6.4
	9.6

	MCL (TDD)
	6.3
	9
	8.3
	7.6
	6.7
	6.4
	8.8


Rel-12 category 0 UE

Rel-12 category 0 UE supports single RF receive chain for cost reduction. The downlink coverage loss is assumed to be 4dB. 
Table 3: MCL for Rel-12 category 0 UE
	Physical channel name
	PUCCH (1A)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH (1A)

	MCL (FDD)
	147.2
	141.7
	140.7
	141.4
	145.0
	145.3
	142.1

	MCL (TDD)
	149.4
	146.7
	147.4
	144.1
	145.0
	145.3
	142.9

	Note1: eNB is assumed with 2 Tx and 2 Rx in FDD systems.

Note2: 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.


The bottleneck is still PUSCH for FDD and the target MCL is the same as category 1 UE. Therefore additional 4dB coverage enhancement is required for all the downlink channels/signal for Rel-12 category 0 UEs compared to category 1 UEs. The coverage enhancement targets of different channels/signals for Rel-12 category 0 UE are shown in Table 4.
Table 4: Coverage enhancement targets for LTE Rel-12 category 0 UE

	Physical channel name
	PUCCH (1A)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH (1A)

	MCL (FDD)
	8.5
	14
	15
	14.3
	10.7
	10.4
	13.6

	MCL (TDD)
	6.3
	9
	8.3
	11.6
	10.7
	10.4
	12.8


Rel-13 low complexity UE
Rel-13 low complexity UE supports 1.4MHz RF bandwidth in both DL and UL only. Consequently, PDCCH cannot be supported. The coverage enhancement target for physical downlink control channel for Rel-13 low complexity UE cannot be determined until the corresponding physical downlink control channel design is clear. The performance of PUCCH is expected to degrade 2dB due to frequency diversity loss  if the bandwidth is reduced from 10MHz to 1.4MHz. In addition, the maximum transmit power is reduced for Rel-13 low complexity UE. Assuming a 3dB reduction in maximum transmit power, all uplink channels would suffer 3dB coverage loss.
Table 5: MCL for Rel-13 low complexity UE
	Physical channel name
	PUCCH (1A)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	Physical DL control channel

	MCL (FDD)
	142.2
	138.7
	137.7
	141.4
	145.0
	145.3
	FFS

	MCL (TDD)
	144.4
	143.7
	144.4
	144.1
	145.0
	145.3
	FFS

	Note1: eNB is assumed with 2 Tx and 2 Rx in FDD systems.

Note2: 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.


Assuming PUSCH is still the bottleneck, the target MCL is reduced to 152.7dB due to 3dB maximum transmit power reduction. The coverage enhancement targets of different channels/signals for Rel-13 low complexity UE are shown in Table 6. Note that the WID states the coverage enhancement target is relative to the nominal coverage of the respective UE category/type.
Table 6: Coverage enhancement targets for LTE Rel-13 low complexity UE

	Physical channel name
	PUCCH (1A)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	Physical DL control channel

	MCL (FDD)
	10.5
	14
	15
	11.3
	7.7
	7.4
	FFS

	MCL (TDD)
	8.3
	9
	8.3
	8.6
	7.7
	7.4
	FFS


The coverage enhancement targets of different channels/signals for different UE types are summarized as below.

Table 6: Coverage enhancement targets for different UE types

	
	PUCCH (1A)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	Physical DL control channel

	Category 1 UE (FDD)
	8.5
	14
	15
	10.3
	6.7
	6.4
	9.6

	Category 0 UE (FDD)
	8.5
	14
	15
	14.3
	10.7
	10.4
	13.6

	Rel-13 low complexity UE (FDD)
	10.5
	14
	15
	11.3
	7.7
	7.4
	FFS

	Category 1 UE (TDD)
	6.3
	9
	8.3
	7.6
	6.7
	6.4
	8.8

	Category 0 UE (TDD)
	6.3
	9
	8.3
	11.6
	10.7
	10.4
	12.8

	Rel-13 low complexity UE (TDD)
	8.3
	9
	8.3
	8.6
	7.7
	7.4
	FFS


It is observed that the coverage enhancement targets of the physical channel/signal are different for different UE types. It should be clarified which UE type shall be selected to determine the coverage enhancement target for each channel/signal. Since this WI is primarily for Rel-13 low complexity UEs, it is reasonable to assume Rel-13 low complexity UEs to determine the coverage enhancement targets. Therefore, we have the following proposal:
Proposal 2: Assuming a 3dB maximum transmit power reduction for Rel-13 low complexity UEs, RAN1 shall base its design for the following coverage enhancement targets. RAN1 shall reconsider its design if a different value than 3dB is agreed by RAN4 for the maximum transmit power reduction for Rel-13 low complexity UEs.
	
	PUCCH (1A)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	Physical DL control channel

	Rel-13 low complexity UE (FDD)
	10.5
	14
	15
	11.3
	7.7
	7.4
	FFS

	Rel-13 low complexity UE (TDD)
	8.3
	9
	8.3
	8.6
	7.7
	7.4
	FFS


3 Conclusions

In this contribution, we discuss the coverage enhancement targets of different physical channels/signals with the following proposals:

Proposal 1: Coverage enhancement target for TDD is to achieve the same MCL as FDD.

Proposal 2: Assuming a 3dB reduction of maximum transmit power for Rel-13 low complexity UEs, RAN1 shall base its design for the following coverage enhancement targets. RAN1 shall reconsider its design if a different value than 3dB is agreed by RAN4 for the maximum transmit power reduction for Rel-13 low complexity UEs.
	
	PUCCH (1A)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	Physical DL control channel

	Rel-13 low complexity UE (FDD)
	10.5
	14
	15
	11.3
	7.7
	7.4
	FFS

	Rel-13 low complexity UE (TDD)
	8.3
	9
	8.3
	8.6
	7.7
	7.4
	FFS
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