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1
Introduction
A WI on further LTE physical layer enhancements for MTC has been approved in Rel-13 [1]. Key detailed objectives include –

· Specify a new Rel-13 low complexity UE category/type for MTC operation.
· 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.
· Provide power consumption reduction for the UE category/type defined above, both in normal coverage and enhanced coverage, to target ultra-long battery life
In this contribution, we consider the design target for coverage enhancement and provide our analsis on the amount of coverage enhancement required for each channel as well as potential techniques. 
2
Rel-13 Low Complexity UE and Coverage
In Rel-12, Cat-0 UE was introduced. This UE category will have a modem with approximately the same bill-of- material cost as an EGPRS modem. However, it will have the following reduced capabilities –

· 1 Rx antenna compared to a minimum of 2 Rx antennas for other UE categories.

· Transport block size (TBS) restriction. Cat-0 UE can receive or send at most 1000 bits of unicast traffic per subframe. 
For Rel-13, further complexity and cost reduction will be considered on top of Cat-0 UE. The following additional capabilities will be specified –

· Reduced UE bandwidth of 1.4 MHz in downlink and uplink.

· Reduced maximum transmit power.
· Reduced support for downlink transmission modes. 
Other UE processing relaxations can also be considered – e.g. reduced maximum TBS, reduced support for simultaneous reception, relaxed EVM requirement, reduced physical data channel processing, and reduced support for feedback modes. 

In Rel-13, the goal 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. This is with respect to nominal LTE coverage which has been studied in [2]. Compared to nominal UE, low-complexity UE will have smaller coverage due to reduced capacities, namely 
· 1 Rx antenna will lead to approximately 4dB degradation in performance of the downlink channels. This is due to lack of receiver combining and diversity gain.
· Reduced maximum transmit power will lead to a corresponding degradation in coverage of the uplink channels. For example, a reduction of the maximum transmit power by 3dB will require the corresponding gain from coverage enhancement.
· Reduced UE bandwidth of 1.4 MHz in downlink and uplink can lead to degradation in performance due to lack of diversity gain. It has been estimated that this results in approximately 1-3 dB loss in performance. 

Thus, low-complexity Rel-13 UE will have smaller coverage compared to nominal (e.g. Rel-8) UE. This coverage shortfall affects both the downlink and uplink channels.
3
Link Budget Analysis

Nominal LTE coverage has been studied in [2] and summarized in Table 1. For FDD, this assumes 2Tx-2Rx antenna configuration at the eNB, and 1Tx-2Rx antenna configuration at the UE. The system bandwidth is 10MHz with 46 and 23 dBm as the maximum transmit power of the eNB and UE, respectively. Based on the study, the nominal MCL for an FDD system is 140.7 dB wih the PUSCH channel as the limiting channel.  Thus, the target MCL for coverage enhancement would be 155.7 dB.
Table 1. Summary of MCL from 36.888 [2].
	Physical channel name
	PUCCH (1A)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH (1A)

	MCL (FDD)
	147.2
	141.7
	140.7
	145.4
	149.0
	149.3
	146.1

	MCL (TDD)
	149.4
	146.7
	147.4
	148.1
	149.0
	149.3
	146.9

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

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

NOTE 3: 
PHICH is neglected and the function of PHICH can be implemented by PDCCH in case of cell edge.



Table 2 provides link budget analysis targeting 155.7 dB MCL. For this analysis, system bandwidth of 10MHz is also assumed to provide a level (i.e. power fair) comparison. Based on previous work on coverage enhancement (CE) in Rel-12, we have excluded the PCFICH and PHICH since they will not be supported in CE mode. For the PUCCH we have considered only PUCCH format 1A in CE mode. In addition, only the EPDCCH is considered based on our analysis for UE complexity reduction [3]. The UE is a Rel-13 low-complexity UE with a maximum transmit power of 20 dBm assumed. From the table, the required coverage enhancement amounts for different channels are shown. They range from 10.4 to 18 dB.
Table 2. Link budget analysis for coverage enhancement. 
	Physical channel name
	PUCCH
	PRACH
	PUSCH
	PDSCH
	SCH
	PBCH
	EPDCCH

	Transmitter
	  
	  
	  
	  
	  
	  
	  

	Max Tx power  (dBm)
	20
	20
	20
	46
	46
	46
	46

	(1) Actual Tx power (dBm)
	20.0
	20.0
	20.0
	32.0
	36.8
	36.8
	32.0

	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
	360000

	(6) Effective noise power
	 
	 
	 
	 
	 
	 
	 

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

	(7) Required SINR (dB)
	-7.8
	-10
	-4.3
	2.6
	-3.8
	-3.5
	2.5

	(8) Required coverage enhancement 
	11.5
	17.0
	18.0
	16.9
	10.4
	10.7
	16.8

	(9) Receiver sensitivity
	 
	 
	 
	 
	 
	 
	 

	         = (6) + (7) - (8) (dBm)
	-135.7
	-135.7
	-135.7
	-123.7
	-118.9
	-118.9
	-123.7

	(10) MCL 
	  
	  
	  
	  
	  
	  
	  

	         = (1) - (9) (dB)
	155.7
	155.7
	155.7
	155.7
	155.7
	155.7
	155.7


4
Coverage Enhancement Techniques
Table 3 provides an overview on the combination of techniques that can be used to provide coverage enhancement. These techniques have been studied in [2] and constitute key proposals when coverage enhancement was considered in Rel-12.
Table 3. Potential coverage enhancement techniques. 

	Physical channel name
	PUCCH
	PRACH
	PUSCH
	PDSCH
	SCH
	PBCH
	EPDCCH

	Repetition
	Repetition
	Repetition
	TTI bundling
	TTI bundling
	
	Repetition
	Repetiton

	PSD boosting
	
	
	
	PSD boosting 
	
	
	PSD boosting 

	Relaxed requirement
	
	Relaxed Pmiss requirement
	
	
	Relaxed acquisition time – non-coherent combining
	Relaxed acquisition time - multiple decoding attempt
	

	Overhead reduction
	
	
	
	
	
	
	Compact DCI

	HARQ retransmission
	
	
	HARQ
	HARQ
	
	
	


Figure 1 shows an example of the downlink for a 1.4 MHz LTE MTC system. The figure shows enhancement techniques for the control and data channels at different CE levels.
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Figure 1. EPDCCH + PDSCH channels in coverage enhancement.
Figure 2 shows a similar diagram for the uplink – only the PUSCH is shown here to denote data transmission by the UE. In this case, repetition (TTI bundling) is the main technique used to provide coverage enhancement.
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Figure 2. PUSCH channel in coverage enhancement.
5
Conclusion
In this contribution, we consider the design target for coverage enhancement and provide our analsis on the amount of coverage enhancement required for each channel as well as potential techniques. Low-complexity Rel-13 UE will have smaller coverage compared to nominal (e.g. Rel-8) UE due to reduced capacities. This coverage shortfall affects both the downlink and uplink channels.Our analysis shows that the coverage shortfall ranges from 10.4 to 18 dB, depending on the channel. A breakdown of how these shortfalls can be met using a combination of techniques is also provided.
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