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1   Introduction
The SI on provision of low-cost MTC UEs based on LTE was modified in RAN#57 to include support for extended coverage for certain low latency MTC applications. More specifically, the updated SID [1] includes the following requirements:
“Ensure that service coverage is not worse than GSM/GPRS, at least comparable and preferably improved beyond what is possible for providing MTC services over GPRS/GSM today (assuming deployment in the same spectrum bands). A 20dB improvement in coverage in comparison to defined LTE cell coverage footprint engineered for “normal LTE UEs” should be targeted for low-cost MTC UEs, using very low rate traffic with relaxed latency (e.g. size of the order of 100 bytes/message in UL and 20 bytes/message in DL, and allowing latency of up to 10 seconds for DL and up to 1 hour in uplink, i.e. not voice). In identifying solutions, any other related work agreed for Release 12 should be taken into account.”

In this document, we first attempt to quantify the requirement “20dB improvement in coverage in comparison to defined LTE cell coverage footprint engineered for “normal LTE UEs” ” in terms of the maximum coupling loss (MCL) at which the physical channels that enable extended coverage for the MTC UE need to operate. We also provide our initial views on methods that can enable such extended coverage mode of LTE operation. 
2   Discussion
Coverage for LTE devices was evaluated using the MCL methodology during the SI on coverage Enhancements. Evaluation results for various UL and DL channels were summarized in Tables 5-8 and 5-9 of TR 36.824 [1]. Relevant data from those tables is shown in Table 1a, 1b below.
Table 1a: Evaluation results (from TR 36.824 section 5.2) for various LTE DL channels 
	DL Channel
	Performance target
	Number of sources
	MCL(dB)

	
	
	
	Average 
	Maximum 
	Minimum 
	STD 

	PDCCH format 1a
	1%BLER(8CCE)
	6
	146.06
	147.86
	143.76
	1.24

	
	1%BLER(4CCE) 
	1
	143.30
	143.30
	143.30
	N/A

	PDCCH format 2c
	1%BLER(8CCE)
	5
	145.24
	146.86
	144.50
	0.92

	
	1%BLER(4CCE) 
	1
	141.70
	141.70
	141.70
	N/A

	PBCH
	1%BLER
	6
	148.84
	149.96
	147.76
	0.80

	PHICH
	0.1%BLER
	6
	145.37
	147.36
	143.36
	1.33

	PCFICH
	1%BLER
	6
	145.77
	147.46
	142.50
	1.78

	PSS
	10%Pmiss
	5
	149.06
	153.96
	146.46
	2.77

	SSS
	10%Pmiss
	4
	148.70
	153.66
	146.46
	2.90

	VoIP 12kbps
	10%iBLER
	6
	142.85
	147.66
	139.06
	3.08

	Medium data rate PDSCH 1Mbps
	10%iBLER
	6
	144.36
	147.73
	139.36
	2.69


Table 1b: Evaluation results (from TR 36.824 section 5.2) for various LTE UL channels 

	UL Channel
	Performance target
	Number of sources
	MCL(dB)

	
	
	
	Average 
	Maximum 
	Minimum 
	STD 

	RACH Format 2
	1%Pmiss 0.1%Pfa
	8
	141.77
	143.99
	140.27
	1.11

	
	10%Pmiss 0.1%Pf
	2
	146.39
	147.10
	145.67
	0.72

	PUCCH format 1
	1%Pmiss, 1%Pfa
	9
	146.51
	147.95
	144.95
	1.02

	
	1%Pmiss 0.1%Pfa
	1
	146.30
	146.30
	146.30
	N/A

	PUCCH format 1a
	1%Pmiss, 1%Pfa
	9
	147.24
	152.65
	145.25
	2.04

	PUCCH format 2
	1%BLER
	9
	145.99
	146.55
	144.85
	0.64

	Message 3 TBS 56
	10%rBLER
	7
	146.72
	148.50
	145.05
	1.10

	
	10%iBLER
	2
	138.75
	139.24
	138.25
	0.50

	
	1%rBLER
	2
	143.28
	145.90
	140.65
	2.63

	Message 3 TBS 144
	10%rBLER
	7
	143.48
	146.10
	141.59
	1.32

	
	10%iBLER
	2
	135.68
	135.91
	135.44
	0.24

	
	1%rBLER
	2
	141.22
	143.50
	138.94
	2.28

	VoIP AMR 12.2 kbps
	2%rBLER
	8
	141.68
	143.54
	138.78
	1.81

	Medium data rate PUSCH 384kbps
	10%iBLER
	9
	132.41
	136.23
	129.96
	1.71

	Minimum data rate PUSCH 14.4kbps
	10%iBLER
	1
	140.65
	140.65
	140.65
	N/A


From Tables 1a/1b, it can be seen that LTE DL can be reliably operated up to146dB MCL (i.e., MCL for PCFICH /PDCCH), and UL can be reliably operated up to142 dB MCL (i.e., MCL for PRACH format 2).  Considering both UL and DL, ‘a normal LTE UE’ should be able to access and maintain a connection with the network for up to 142dB MCL. A 20dB coverage improvement compared to this UE would mean that the physical channels used for extended coverage MTC applications should work for up to 142+20 = 162dB MCL.
Observation: The physical channels used for extended coverage MTC applications should work for up to 162dB MCL.
Based on the above observation, in Table 2, we identify the coverage improvement needed for various LTE functions so that MTC UEs can operate with ‘20dB more coverage than normal LTE UE’ (i.e., operate at 162 dB MCL). We also provide our view on methods that can enable such extended coverage for each operation.
Table 2- Coverage improvements required for the extended coverage LTE mode
	Function
	Physical Channel Used
	Current coverage expressed in MCL
	Improvement needed
	Comments

	DL timing acquisition
	PSS/SSS
	149 dB
	13dB
	Coverage for PSS/SSS detection can be improved by allowing more time (e.g. up to a minute) for timing acquisition.

	Random access for UL time alignment (and possibly scheduling request)
	PRACH
	142dB
	20dB
	A new RACH format that enables the eNB to receive more energy from the UE is needed (e.g. 0.25s to 1s RACH burst, with energy spread across 6 RBs, or a shorter burst with energy spread across fewer RBs).

	Reception of DL broadcast signaling
	PBCH
	149dB
	13dB
	Current PBCH design allows MIB signaling of 40bits in 40ms. A new broadcast signalling mechanism with longer TTI (e.g. 0.5 to 1s) can be used to extend coverage. 

	Reception of DL control signalling 
	(E)PDCCH/PCFICH
	146dB
	16dB
	Coverage can be improved by increasing aggregation level and TTI length for (E)PDCCH.

 In general, separate unicast PHY signaling to each UE, is beneficial, only if feedback is available at the eNB (i.e., RSRP reports or CQI reports). Thus, the need for providing UE-specific (E)PDCCH signalling for each MTC UE has to be investigated further depending on availability of feedback.

	DL/UL data transmission
	PDSCH/PUSCH
	Varies based on payload size
	-
	Coverage can be improved by via TTI bundling of contiguous/non-contiguous subframes. For UL data transmission, either PUSCH or PUCCH based transmission structure can be used.

	Note: HARQ feedback related channels (PHICH, PUCCH) are not included in the Table as we are still investigating the benefit of provisioning separate physical layer feedback channels for the very low data rate (and high latency) applications being considered.


3   Conclusions
In this document we observed that the physical channels used for extended coverage MTC applications should work for up to 162dB MCL in order meet the requirement that “MTC UEs can operate with ‘20dB more coverage than normal LTE UE”. Based on this observation, we identified the coverage improvement needed for various LTE functions and potential methods that can achieve the required improvements.
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