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1 Introduction

According to LTE Rel-13 work item on further physical layer enhancements for MTC [1], the following scope has been defined for discussions and decisions related to 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 share our views on the coverage enhancement target of various physical channels for eMTC in LTE systems.  
2 Discussion on Coverage Enhancement
According to the statement in [1], coverage improvement should be targeted for both Rel-13 low complexity UE category/type and normal UE operating delay tolerant MTC application. As Rel-13 low complexity UE would operate on reduced bandwidth of 1.4MHz, degraded link level performance is expected for certain physical channels, e.g., PUSCH/PDSCH, PUCCH, PDCCH, etc, due to the lack of frequency diversity gain. In addition, similar to Cat.0 UE, the new Rel-13 low complexity UE would experience additional downlink performance loss because of 1 receiver chain. 
In this section, Maximum Coupling Loss (MCL) and corresponding coverage enhancement target for each physical channel are calcuated for three UE categories/types:

· Normal UE with 2 Rx chains operating in wideband system, e.g., Cat. 1 UE;

· Cat. 0 UE with 1 Rx chain operating in wideband system; 
· Rel-13 low complexity UE with 1 Rx chain operating in 1.4MHz bandwidth
Note that although a 15dB coverage improvement is targeted as described in the WID, the reference UE type (i.e., Cat. 1 UEs, or Cat. 0 UEs, or Rel-13 new MTC UE category) for the 15dB coverage improvement target should be confirmed. In this contribution, the MCL performance of Category 1 UEs is considered as the baseline.
 Coverage enhancement target for normal UE with 2 Rx chains
The MCL calculations for normal UE with 2 receiver chains for FDD are given in Table 1 [2]. Note that in Table 1, MCL calculation for PHICH is included and the required SINR for PHICH is obtained by simulations [3]. As described in [3], PHICH should be supported for MTC UEs in enhanced coverage mode. This is primarily due to the fact that the existing PHICH can be easily extended to meet the coverage enhancement target with limited impact on the specification and UE implementation cost. Meanwhile, it can help to save the downlink resource by allowing non-adaptive retransmission without UL grants or by allowing PDCCH-less operation.  
Table 1. MCL calculation for normal UE with 2 Rx chains
	Physical channel name
	PUCCH

(1a)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH

(1A)
	PHICH

	Data rate(kbps)
	
	
	20
	20
	
	
	
	

	Transmitter
	
	
	
	
	
	
	
	

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

	(1) Actual Tx power (dBm)
	23.0
	23.0
	23.0
	32.0
	36.8
	36.8
	42.8
	29.0

	Receiver
	
	
	
	
	
	
	
	

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

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

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

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

	(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 
	-112.4

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

	(8) Receiver sensitivity
         = (6) + (7) (dBm)
	-124.24 
	-118.7 
	-117.7 
	-113.4 
	-112.2 
	-112.5 
	-103.34 
	-116.4

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

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


With 15dB overall coverage enhancement target for FDD system, Table 2 summarizes the coverage enhancement target for various physical channels for normal UE with 2 Rx chains. 

Table 2. Coverage enhancement target for normal UE with 2 Rx chains
	Physical Channels
	PUCCH (1A)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH (1A)
	PHICH

	Coverage Enhancement: FDD (dB)
	8.5
	14
	15
	10.3
	6.7
	6.4
	9.6
	10.3


Coverage enhancement target for Cat. 0 UE with 1 Rx chain
As mentioned above, additional coverage enhancement needs to be considered for Cat. 0 UE with 1 Rx chain. Assuming 4dB SNR loss when employing single receive RF chain, coverage enhancement target for various physical channels for Cat. 0 UE is summarized in Table 3.
Table 3. Coverage enhancement target for Cat. 0 UE with 1 Rx chain
	Physical Channels
	PUCCH (1A)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH (1A)
	PHICH

	Coverage Enhancement: FDD (dB)
	8.5
	14
	15
	14.3
	10.7
	10.4
	13.6
	14.3


Coverage enhancement target for Rel-13 UE operating in 1.4MHz bandwidth
Further, for Rel-13 low complexity UE operating in 1.4MHz bandwidth, 1~3dB link level performance degradation is expected compared to Cat.0 UE operating in wideband system. Table 4 summarizes the coverage enhancement targets for various physical channels for Rel-13 UE operating in 1.4MHz bandwidth. In Table 4, 2dB performance loss is assumed due to the lack of frequency diversity gain. Further, it is targeted to achieve the same amount of MCL as that of a normal UE with 2 Rx chain. 
Table 4. Coverage enhancement target for Rel-13 UE operating in 1.4MHz bandwidth
	Physical Channels
	PUCCH (1A)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH (1A)
	PHICH

	Coverage Enhancement: FDD (dB)
	10.5
	14
	17
	16.3
	10.7
	10.4
	15.6
	16.3


Observation 1

· Assuming the MCL performance of Category 1 UEs as the baseline, coverage improvements of greater than 15dB would be necessary for various physical channels for Rel-13 UEs operating in 1.4MHz bandwidth.

3 Conclusions

In this contribution, we provided our views on the coverage enhancement target of various physical channels for eMTC in LTE systems. Based on the discussion presented, we summarize our views through the following proposals and observations:
Observation 1

· Assuming the MCL performance of Category 1 UEs as the baseline, coverage improvements of greater than 15dB would be necessary for various physical channels for Rel-13 UEs operating in 1.4MHz bandwidth.
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