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1 Introduction
One of the objectives of the recently started Rel-12 work item on “Low cost & enhanced coverage MTC UE for LTE” [1] is to specify coverage improvements corresponding to 15 dB for FDD. The coverage improvements should be applicable for the new low-complexity UE type as well as for other UEs operating delay tolerant MTC applications. The coverage improvements should also be applicable for both FDD and TDD, although no explicit coverage target is specified for TDD in the WID.
This contribution discusses the required link budget improvement for each physical signal/channel in FDD.
2 Discussion
2.1 Coverage enhancements targets for Category-1 UE
The link budget table below is from the study item TR [2]. The system bandwidth is assumed to be 20 MHz and the UE is assumed to be a Category-1 UE. The reason that PHICH is not included in the table is that the function of PHICH can be implemented by PDCCH.
TR 36.888 Table 5.2.1.2-2: 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.



According to this reference link budget, the worst channel is PUSCH. Therefore, in order to improve the overall coverage with 15 dB, PUSCH needs to be improved with 15 dB, which results in 140.7 + 15 = 155.7 dB MCL for PUSCH. In order for the channels to be balanced, the other channels also need to be improved in order to match this MCL. Table 1 shows approximately how much each channel needs to be improved.
Table 1: Coverage enhancement targets for Category-1 UE in FDD system
	Physical channel name
	PUCCH
(1a)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH

(1A)

	Required improvement (dB)
	8.5
	14.0
	15.0
	10.3
	6.7
	6.4
	9.6


According to the analysis on coverage enhancements for SCH in section 9.5.1 in the TR [2], sufficient coverage enhancement can be achieved without changes to the SCH signals, by non-coherent accumulation of the existing SCH signals, assuming that the resulting longer synchronization acquisition time is considered acceptable. The TR notes that there is currently no explicit requirement on synchronization acquisition time. The TR also notes that a new SCH signal may need to be considered if the longer sync acquisition time and associated power consumption increase are not considered acceptable.
2.2 Coverage enhancements targets for low-complexity UE type
It is not completely obvious from the WID [1] how large coverage improvement is required for the new low-complexity MTC UE type. However, we here assume that the downlink coverage needs to be further improved compared to the targets for the Category-1 UE in order to compensate for the degraded downlink performance associated with the low-complexity UE.

According to Table 7.1 in the TR [2], the average degradation in downlink is around 4 dB for the relevant combination of complexity reduction techniques, labelled as “Peak Rate reduction (TBS) + DL-3/UL-2 BW Reduction + Single receive RF” in the table in the TR.

Table 2 shows approximately how much each channel needs to be improved, assuming that the low-complexity UE actually has 4 dB worse performance on each downlink channel compared to a Category-1 UE. It can be seen that under this assumption, it is still the uplink that limits the coverage in this scenario. And according to the analysis in the TR [2], no changes to the SCH signals are needed assuming that the now even longer synchronization acquisition time is considered acceptable.
Table 2: Coverage enhancement targets for low-complexity UE in FDD system
	Physical channel name
	PUCCH
(1a)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH

(1A)

	Required improvement (dB)
	8.5
	14.0
	15.0
	14.3
	10.7
	10.4
	13.6


However, note that this is a simplified analysis. A more careful analysis would take into account that the actual performance degradation is likely to differ somewhat between different downlink channels, different propagation conditions, etc.

3 Conclusions

In this contribution we discussed the required link budget improvement for each physical signal/channel in FDD, both for the new low-complexity UE type and for other UEs. It is proposed to adopt these numbers as targets for the work item.
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