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1. Introduction
In RAN#65, the work item of further LTE physical layer enhancements for MTC was approved [1]. One of the main objective for this WI is on the coverage enhancements: 
· Provide 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. 

· The following techniques (which shall be applicable for both FDD and TDD) can be considered to achieve this:

· Subframe bundling techniques for physical data channels (PDSCH, PUSCH)

· Elimination of use of control channels (e.g. PCFICH, PDCCH, PHICH)

· Repetition techniques for control channels (e.g. PBCH, PRACH, EPDCCH)

· Either elimination or repetition techniques for PUCCH

· Resource allocation using EPDCCH with cross-subframe scheduling and repetition (EPDCCH-less operation can also be considered)

· Separately encoded physical channel formats with repetition for SIB/RAR/Paging

· A new SIB for bandwidth reduced and/or coverage enhanced UEs should be considered.

· Increased reference symbol density and frequency hopping techniques can be considered.

· Relaxed requirements for “probability of missed detection” for PRACH and for initial UE system acquisition time for PSS/SSS/PBCH/SIBs.

· The amount of coverage enhancement should be configurable per cell and/or per UE.

· When defining the detailed solutions for the above coverage enhancement techniques, the work should strive to minimize divergence of solutions between the new UE category/type and other UEs. One acceptable approach is to require a ‘normal complexity UE’ configured with the coverage enhancement techniques to mimic some of the behaviors of a Rel-13 low complexity UE configured with the coverage enhancement techniques.

· The work with the physical layer control signaling (e.g. EPDCCH) and higher layer control signaling (e.g. SIB, RAR and Paging messages) should aim for a high level of commonality between the solutions for the new Rel-13 low complexity UEs and the solutions for coverage enhanced UEs.

In this contribution, we provide our view on the coverage enhancement techniques. 

2. Coverage Enhancement Techniques 
2.1. Supported Channels
For MTC, the following channels are supported:

· PSS/SSS

· PBCH

· PDSCH

· PUSCH

· ePDCCH/MPDCCH
· RACH

The following channels are not supported:

· PCFICH

· PHICH

· PUCCH (at least not supported for bundling case)
· PDCCH
In order to support 15 dB link budget improvements, we consider the following techniques for each of the supported channels: 

· PSS/SSS: no bundling is needed, MTC device may require longer search time to acquire the cell

· PBCH: repetition with the same content of PBCH with possible power boosting

· PDSCH: time domain bundling

· SIB: introduce a new MTC_SIB with reduced payload, e.g. on the order of 300 bits. Rely on time domain bundling and possible power boosting for coverage enhancements. 

· PUSCH: time domain bundling

· ePDCCH/MPDCCH: time domain bundling, FFS control_less operation

· RACH: time domain bundling as well as relaxed detection requirements in terms of probability detection and/or false alarm rate

2.2. Required Coverage Enhancements
Based on the link level analysis from the Rel 12 MTC study, the following table summarizes the link budget results [2]. We propose to use these link analysis results as starting points to identify required link budget improvements to meet 15 dB coverage enhancements, i.e. MCL of 155 dB. 
Table 1: MCL calculation for normal LTE FDD (see Note 1)
	Physical channel name
	PUCCH
(1a)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH

(1A)

	Data rate(kbps)
	
	
	20
	20
	
	
	

	Transmitter
	
	
	
	
	
	
	

	Max Tx power  (dBm)
	23
	23
	23
	46
	46
	46
	46

	(1) Actual Tx power (dBm)
	23.0
	23.0
	23.0
	32.0
	36.8
	36.8
	42.8

	Receiver
	
	
	
	
	
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	5
	5
	9
	9
	9
	9

	(4) Interference margin (dB)
	0
	0
	0
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	180000
	1080000
	360000
	360000
	1080000
	1080000
	4320000

	(6) Effective noise power
         = (2) + (3) + (4) + 10 log((5))  (dBm)
	-116.4
	-108.7
	-113.4
	-109.4 
	-104.7
	-104.7
	-98.6 

	(7) Required SINR (dB)
	-7.8 
	-10.0
	-4.3
	-4.0 
	-7.5 
	-7.8 
	-4.7 

	(8) Receiver sensitivity
         = (6) + (7) (dBm)
	-124.24 
	-118.7 
	-117.7 
	-113.4 
	-112.2 
	-112.5 
	-103.34 

	(9) MCL 
         = (1) ( (8) (dB)
	147.2
	141.7
	140.7
	145.4
	149.0
	149.3
	146.1

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



Table 2: MCL calculation for normal LTE TDD (see Note 2)
	Physical channel name
	PUCCH

(1a)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH

(1A)

	Data rate(kbps)
	
	
	20
	20
	
	
	

	Transmitter
	
	
	
	
	
	
	

	(0) Max Tx power  (dBm)
	23
	23
	23
	49
	49
	49
	49

	(1) Actual Tx power (dBm)
	23.0
	23.0
	23.0
	32.0
	36.8
	36.8
	42.8

	Receiver
	
	
	
	
	
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	5
	5
	9
	9
	9
	9

	(4) Interference margin (dB)
	0
	0
	0
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	180000
	1080000
	360000
	360000
	1080000
	1080000
	4320000

	(6) Effective noise power

         = (2) + (3) + (4) + 10 log((5))  (dBm)
	-116.4
	-108.7
	-113.4
	-109.4 
	-104.7
	-104.7
	-98.6 

	(7) Required SINR (dB)
	-10
	-15
	-11.0
	-6.7
	-7.5
	-7.8
	-5.5

	(8) Receiver sensitivity
         = (6) + (7) (dBm)
	-126.4
	-123.7
	-124.4
	-116.1
	-112.2
	-112.5
	-104.1

	(9) MCL 
         = (1) ( (8) (dB)
	149.4
	146.7
	147.4
	148.1
	149.0
	149.3
	146.9

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



.
3. Summary
In this contribution we presented our views on the techniques for UE coverage enhancements. We make the following proposals:

Proposal 1:
MTC devices support PSS/SSS/PBCH/PDSCH/PUSCH/PRACH/MPDCCH.  
Proposal 2: 

MTC devices do not support PCFICH/PHICH/PDCCH/PUCCH/SRS for coverage enhancement.
Proposal 3: 


Allow 15 dB coverage enhancements by increasing the link budget for the supported channels with the link analysis from Rel 12 WI as a starting point. 
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