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1 Introduction
According to the updated SID [1], RAN1 is tasked to identify solutions targeting a 20dB improvement in coverage in comparison to defined LTE cell coverage footprint engineered for “normal LTE UEs”. For this purpose, the requirement of 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) is introduced. 
2 Coverage improvement
The coverage analyses in [2,5] show that the normal LTE system is uplink limited. As highlighted in [3], however, there is a need to significantly extend coverage for low-cost MTC devices beyond the existing LTE coverage footprint, due to the fact that one important use case for such devices is “smart-metering”, and smart meters are very often installed in  locations which would experience significantly greater penetration losses than normal LTE devices (e.g, underground locations). This motivates the coverage extension for low-cost MTC UEs not only for uplink but also for downlink.
Among the identified six cost reduction solutions, “uplink Tx power reduction” and “single receive RF” have a large impact on uplink and downlink coverage, respectively. The coverage impact of “maximum bandwidth reduction” varies according to the particular option. For example, Option DL-1 and DL-2 are expected to degrade the coverage due to the loss in frequency diversity and frequency selective scheduling gain. Consequently, the combinations of cost reduction solutions including any of the above individual solutions/options have an impact on coverage.
In another study, “LTE Coverage Enhancements [4]”, which focused on UL coverage enhancement, some solutions for coverage enhancement was identified, e.g. TTI bundling enhancements [5]. From the study, the expected uplink coverage gain of the solutions is in the order of 1 dB. While the identified solutions can help to enhance the coverage for low-cost MTC UEs, additional coverage extension would be required in order to meet the substantial improvement targeted for low-cost MTC UEs. 
As a general requirement, the coverage extension solution for low-cost MTC UEs should not compromise the cost reduction gain. Among the approved Rel-12 WI/SI so far, some aspects in “New Carrier Type (NCT) for LTE” could be taken into account in identifying solutions for low-cost MTC UEs, e.g. a common search space for EPDCCH. 
Taking a look at the TTI bundling enhancements in [5], the proposal is to relieve the constraints of Rel-8/9/10 TTI bundling mechanism of PUSCH by targeting the coding gain, improving the diversity, reducing the overhead, accumulating more energy and so on. MTC application features, namely very low rate traffic and relaxed latency can be exploited to improve coverage in conjunction with this proposed solution. Msg3 during Random Access can also take a benefit from TTI bundling. In addition, TTI bundling may be also applicable in downlink to extend coverage. The specification impact of TTI bundling enhancement would be on HARQ timing design. 
In case of PUCCH, HARQ-ACK repetition in Rel-8/9/10 and possibly its enhancements can recover the potential coverage loss.
As for PDCCH, compact DCI format can take advantage of higher coding gain for a give aggregation level, which in turn improves coverage. PDCCH transmission with higher aggregation level can provide coverage improvement at the cost of consuming PDCCH capacity. The coverage loss from “maximum bandwidth reduction” with option DL-1 and DL-2 could be recovered by utilizing EPDCCH. Minimizing the usage of control channels, e.g. PCFICH/PDCCH, could be a workaround to avoid coverage issue for the control channels as much as possible. For example, fixed value CFI and Semi-Persistent Scheduling for MTC UEs can be considered. 
In order to address potential PHICH coverage issue, PHICH-less HARQ operation can be considered. For PHICH-less operation, the UE is not expected to decode PHICH in a subframe where an UL grant is not detected and the UE will deliver an “ACK” from PHY to MAC layer. The relaxed latency of MTC devices would be in favor with this PHICH-less HARQ operation. 
From the coverage analyses in [2, 5] (captured in annex), PSS/SSS/PBCH shows relatively better coverage. Under the considered challenging environment for MTC UEs with relaxed latency, MTC UE can attempt multiple trials to process initial access which penalize acquisition time.
3 Need for TR updates
The updated SID [1] should be reflected in the relevant part of the TR. The proposed texts are as following:
Section 4: Objectives of study
The study shall evaluate at least the following aspects:

· Benefit of developing methods for reducing RF component cost in the devices, including (for example) simplifications and reductions in support of bands/RATs/RF chains/antenna ports, transmission power, maximum channel bandwidth less than the maximum specified for respective frequency band, and support of half-duplex FDD mode.

· Benefit of developing methods for reducing the processing in the device, additionally considering baseband-RF conversion aspects, significantly lower peak data rate support, no support of spatial processing mode in uplink/downlink, and reduced radio protocol processing.

· A method to guarantee that any features recommended as part of this study to allow cost reduction, but which also bring a reduction in LTE system performance, shall be restricted to devices which only operate as MTC devices not requiring high data rates and/or low latency, after further careful study.

· Impact to the system spectral efficiency from techniques that allow coverage improvement techniques up to the target improvement figure - considering that a relatively small proportion of traffic requires the coverage improvement, and the traffic can be scheduled at quiet times.
Section 5.1: Requirements

Solution’s studied for provisioning of low cost MTC UE based on LTE should support below as a minimum requirement.
· Support data rates equivalent to that supported by [R’99 E-GPRS] with an EGPRS multi-slot class 2 device (2 downlink timeslots (118.4 Kbps), 1 uplink timeslots (59.2 Kbps), and a maximum of 3 active timeslots) as a minimum. This does not preclude the support of higher data rates provided the cost targets are not compromised.  

· Enable significantly improved average spectrum efficiency for low data rate MTC traffic compared to that achieved for R99 GSM/EGPRS terminals in GSM/EGPRS networks today, and  ideally comparable with that of LTE. optimizations for low-cost MTC UEs should minimize impact on the spectrum efficiency achievable for other terminals (normal LTE terminals) in LTE Release 8-10 networks.

· Ensure that service coverage footprint of low cost MTC UE based on LTE is not any worse than the service coverage footprint of GSM/EGPRS MTC device (in an GSM/EGPRS network) or that of “normal LTE UEs” (in an LTE network) assuming  on the same spectrum band. In addition, 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.
· Ensure that overall power consumption is no worse than existing GSM/GPRS based MTC devices. 

· Ensure good radio frequency coexistence with legacy (Release 8-10) LTE radio interface and networks. 

· Target operation of low-cost MTC UEs and legacy LTE UEs on the same carrier.

· Re-use the existing LTE/SAE network architecture.

· Solutions should be specified in terms of changes to the Rel 10 version of the specifications

· The study item shall consider optimizations for both FDD and TDD mode.

· The initial phase of the study shall focus on solutions that do not necessarily require changes to the LTE base station hardware.

· Low cost MTC device support limited mobility (i.e. no support of seamless handover; ability to operate in networks in different countries) and are low power consumption modules
Section X:
A new section to capture the identified potential solutions of coverage improvement is needed. In this section, the combined analysis together with current cost reduction solution would be required as well.
4 Conclusion
As discussed above, low-cost MTCs can make use of the current available tools and identified solutions, e.g. TTI bundling enhancements, EPDCCH, HARQ-ACK repetition, etc., to facilitate the coverage improvement. In addition, some further enhancements could be considered in identifying potential solutions to meet coverage gain requirement. In addition, the potential coverage imbalances, e.g. between uplink and downlink, control and data channels, or initial access and data transmission, need to be taken into account together with considered MTC application characteristics of very low rate traffic with relaxed latency.
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Annex: Coverage analyses [2, 5]
Table A.1: MCL calculation for normal LTE FDD* (from Table 5.2.1.2-2 in [2])

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

	Data rate (kbps)
	
	
	20
	20
	
	
	

	MCL (dB)
	147.2
	141.7
	140.7
	145.4
	149.0
	149.3
	146.1


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

Table A.2: Evaluation results statistics of LTE UL channels (2Tx, 2Rx eNB configuration) (from Table 5-8 in [5])
	Channels
	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


Table A.3: Evaluation results statistics of LTE DL channels (2Tx, 2Rx eNB configuration) (from Table 5-10 in [5])
	Channels
	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
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