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1. Introduction
RAN1 has studied LTE UE modem cost reduction techniques for provisioning of low-cost MTC UEs based on LTE. The results of the study are documented in TR 36.888 [1]. Since then, an updated study item description (SID) [2] has been approved which extends the scope to include also study of coverage enhancements. More specifically,

A 20dB improvement in coverage in comparison to defined LTE cell coverage footprint as 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 contributions [3] and [4] we have outlined some general considerations on these coverage enhancements and identified what we believe to be the minimum functionality needed by these MTC devices. In this contribution we provide an initial link budget analysis.
2. Link budget analysis
In the first part of this study item a link budget analysis was conducted for MTC UEs without any cost reduction features. It is reasonable to use these link budgets as a baseline for the work on coverage enhancements. The link budgets are available in TR 36.888 [1] and included here for convenience. 

Table 5.2.1.2-2: MCL calculation for normal LTE FDD*
	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
	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: eNB is assumed with 2 Tx and 2 Rx in FDD systems.
Table 5.2.1.2-3: MCL calculation for normal LTE TDD**

	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: eNB is assumed with 8 Tx and 8 Rx in TDD systems.
It should be noted that the MCL values in the table are based on assumptions on control channel performance; it is not obvious that the same performance requirements should apply also for users in need of coverage enhancements. The channel model used to generate the link budget is EPA 3km/h. For stationary devices it is possible that the terminal seed may need to be revisited.

From the link budgets we can see that the base station configuration with 2 antennas (i.e. the FDD case) is the most limiting and hence we will focus on that case. 

2.1. Shannon limit

With the assumptions in the link budget regarding noise figure and transmit power, assuming uniform transmit power in downlink we can for the limiting FDD case see that we have a MCL of 140.7 dB. If we convert this to SNR values we calculate the downlink SNR to 0.7 dB (-4 dB based on downlink channel link budget) and the uplink SNR to -1.3 dB. Assuming an additional 20 dB path-loss results in 20 dB lower SNR, and the channel capacity limit corresponds to a maximum number of transferred bits of 2 bits/TTI in uplink and 3 bits/TTI per resource block in downlink. 

2.2. Coverage improvement need per channel

Some general observations can be made from the link budget table. First we see that with 2 base station antenna deployment uplink coverage of PRACH and PUSCH limits coverage and downlink data channel and control channel is approximately 5 dB better, and BCH and SCH is 9 dB better. It can however also be noted that if coverage should be maintained also for low-cost MTC UEs some additional 3-9 dB may be needed for downlink channels. 
From our discussion in [4] we see that some channels are more critical for the targeted application and hence that this study item should focus on improving these functionalities. In table 3 we present the required target levels for the most critical network functionalities. 

	Physical channel name
	PUCCH
(1a)
	PRACH
	PUSCH @<1kbps
	PDSCH

@<1kbps
	PBCH
	SCH
	PDCCH (1A)

	No cost reduction
	13.5
	19.0
	20.0
	15.3
	11.7
	11.4
	14.6

	DL-1/UL-1 BW Reduction + Single receive RF
	13.5
	19.0
	20.0
	19.3
	15.7
	15.4
	23.6


Some functionality not mentioned in the table above that may require additional investigation is the messages in the random access procedure and the system information. 
3. Conclusions
In this paper we present the coverage enhancement needs of different channels compared to Rel-8 if an additional 20 dB coverage is to be achieved. We note that for 2 base station antennas uplink is limiting, but all channels need to be improved by more than 10 dB. We also note that with low cost features downlink channels like PDCCH become the bottleneck. 
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