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1 Introduction

During RAN #65 meeting, “New WI proposal: Further LTE Physical Layer Enhancements for MTC” [1] was approved. One objective of this work item is to 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 discuss the coverage enhancement target for Rel-13 low complexity UEs. 
2 Coverage enhancement target
The UE complexity reduction techniques may bring some coverage degradation. From Table 7.1 of [2], average degradation to cell coverage would be 4dB if single receive RF chain is applied while bandwidth reduction to 1.4MHz would bring 1~3dB coverage degradation (~2dB average).

Table 1 Average coverage degradation to UL/DL physical channels for different low complexity techniques(unit: dB)

	
	PUCCH
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH

	Single receive RF chain
	-
	-
	-
	4
	4
	4
	4

	Reduction of RF bandwidth to 1.4MHz
	2
	0
	0
	0
	0
	0
	2

	Reduction of transmit power (3dB)
	3
	3
	3
	-
	-
	-
	-


Based on the assumption of coverage degradation in Table 1, the MCLs of UL/DL physical channel for category 1 UEs and low complexity UEs with different cost saving features are summarized in Table 2.
Table 2 Summary of the MCLs of UL/DL physical channel (unit: dB)
	MCL (FDD)
	PUCCH
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH

	Cat.1 UE
	147.2
	141.7
	140.7
	145.4
	149.0
	149.3
	146.1

	Low complexity UE
	Single receive RF chain
	147.2
	141.7
	140.7
	141.4
	145.0
	145.3
	142.1

	
	Reduction of RF bandwidth to 1.4MHz
	145.2
	141.7
	140.7
	145.4
	149.0
	149.3
	144.1

	
	Reduction of transmit power (3dB)
	144.2
	138.7
	137.7
	145.4
	149.0
	149.3
	146.1

	
	Single receive RF chain + Reduction of RF bandwidth
	145.2
	141.7
	140.7
	141.4
	145.0
	145.3
	140.1

	
	Single receive RF chain + Reduction of RF bandwidth + Reduction of transmit power
	142.2
	138.7
	137.7
	141.4
	145.0
	145.3
	140.1

	NOTE 1: PUSCH or PDSCH is at the data rate of 20 kbps.
NOTE 2: PUCCH is PUCCH format 1A, and PDCCH carries DCI format 1A.
NOTE 3: EPDCCH using the same number of REs is similar to PDCCH. 


From the contributions in RAN1 78bis meeting, different companies have different understandings on coverage enhancement target for Rel-13 low complexity UEs.
Alt 1: For Rel-13 low complexity UEs, an additional coverage requirement of a 15 dB improvement in comparison to “category 1 UEs” is targeted. 
Alt 2: For Rel-13 low complexity UEs, an additional coverage requirement of a 15 dB improvement in comparison to “the UE itself” is targeted. 
PUSCH is the bottleneck of coverage for category 1 UEs. If Alt 1 is considered, in order to achieve 15dB coverage enhancement, all the channels need to achieve 155.7dB MCL. Then the coverage enhancement targets for UL/DL physical channels for low complexity UEs with different cost saving features are calculated in Table 3.
Table 3 Coverage enhancement  requirement for UL/DL physical channels if Alt 1 considered (unit: dB)
	Coverage enhancement requirement (FDD) (dB)
	PUCCH
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH

	Cat. 1 UE
	8.5
	14
	15
	10.3
	6.7
	6.4
	9.6

	Low complexity UE
	Single receive RF chain
	8.5
	14
	15
	14.3
	10.7
	10.4
	13.6

	
	Reduction of RF bandwidth to 1.4MHz
	10.5
	14
	15
	10.3
	6.7
	6.4
	11.6

	
	Reduction of transmit power (3dB)
	11.5
	17
	18
	10.3
	6.7
	6.4
	9.6

	
	Single receive RF chain + Reduction of RF bandwidth
	10.5
	14
	15
	14.3
	10.7
	10.4
	15.6

	
	Single receive RF chain + Reduction of RF bandwidth + Reduction of transmit power
	13.5
	17
	18
	14.3
	10.7
	10.4
	15.6


If Alt 2 is considered, PUSCH and PDCCH may be the bottleneck of coverage for low complexity UEs . In order to achieve 15dB coverage enhancement, all the channels need to achieve 155.7dB or 152.7dB MCL for the UEs if coverage bottleneck is PUSCH while all the channels need to achieve 155.1dB MCL for the UEs if coverage bottleneck is PDCCH. In this case, the coverage enhancement targets for UL/DL physical channels for low complexity UEs with different cost saving features are calculated in Table 4.

Table 4 Coverage enhancement  requirement for UL/DL physical channels if Alt 2 considered (unit: dB)
	Coverage enhancement requirement (FDD) (dB)
	PUCCH
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH

	Cat. 1 UE
	8.5
	14
	15
	10.3
	6.7
	6.4
	9.6

	Low complexity UE
	Single receive RF chain
	8.5
	14
	15
	14.3
	10.7
	10.4
	13.6

	
	Reduction of RF bandwidth to 1.4MHz
	10.5
	14
	15
	10.3
	6.7
	6.4
	11.6

	
	Reduction of transmit power (3dB)
	8.5
	14
	15
	7.3
	3.7
	3.4
	6.6

	
	Single receive RF chain + Reduction of RF bandwidth
	9.9
	13.4
	14.4
	13.7
	10.1
	9.8
	15

	
	Single receive RF chain + Reduction of RF bandwidth + Reduction of transmit power
	10.5
	14
	15
	11.3
	7.7
	7.4
	12.6


For both Alt 1 and Alt 2, the coverage enhancement target for each DL/UL physical channel may be different for low complexity UEs with different cost saving features. But if Alt 1 is agreed, low complexity UEs with different cost saving features would have the same MCL, then Rel-13 low complexity UEs  in coverage enhanced mode would have similar coverage performance.
Proposal 1:  For Rel-13 low complexity UEs, an additional coverage requirement of a 15 dB improvement in comparison to “category 1 UEs” should  be targeted. 
During initial access, coverage enhancement design can be handled based on the coverage enhancement requirement of low complexity UEs. After system access, for the coverage enhancement design of UE specific  channels/signals, different coverage enhancement requirements for different UE types can be considered.

3 Conclusions

In this contribution, we have analyzed two different understandings on coverage enhancement target for Rel-13 low complexity UEs. Based on the analysis, we propose:
Proposal 1:  For Rel-13 low complexity UEs, an additional coverage requirement of a 15 dB improvement in comparison to “category 1 UEs” should be  targeted. 
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