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1
Introduction
The Rel-13 WI for low-complexity UE [1] has been approved in the RAN #65 and the WI scope includes the coverage enhancement which has been pushed out from Rel-12 low-cost MTC WI. The followings can be considered as major design considerations for the coverage enhancement techniques:
· Target a relative LTE coverage improvement – corresponding to 15dB for FDD
· Reduced maximum transmission power
· Provide power consumption reduction both in normal coverage and enhanced coverage

In this contribution, we discuss on the coverage enhancement target as it should be clearly defined as a starting point.
2
Discussion
Although the WID clearly mentioned the required coverage enhancement level as 15dB for FDD, there seems to be still ambiguity for the nominal coverage as the normal LTE UE and low-complexity UE may have different maximum uplink transmission power. A coverage analysis on the LTE physical channels was performed during study item phase and concluded that the PUSCH coverage determines the coverage of the UE as it has the worst Maximum Coupling Loss (MCL). The coverage analysis was based on the assumption that a UE has 2 Rx, therefore further coverage loss could be taken into account in downlink physical channels. From the study in Rel-12, roughly 4dB loss has been observed from removing one Rx. As shown in the table 1, the PUSCH has still the worst coverage even with 4dB loss in all downlink physical channels. Therefore, the PUSCH could be the reference physical channel to determine the nominal coverage for all UE categories.

Assuming that 3dB lower maximum transmission power is used for Rel-13 low-complexity UE, the coverage of physical channels for the UE could be calculated as shown in the table 1. 

Table 1. Summary of MCL for FDD.

	Physical channel name
	PUCCH (1A)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH (1A)

	MCL for normal UE [2]
	147.2
	141.7
	140.7
	145.4
	149.0
	149.3
	146.1

	MCL for Rel-12 Cat-0 UE
	147.2
	141.7
	140.7
	141.4
	145.0
	145.3
	142.1

	MCL for Rel-13 MTC UE
	144.2
	138.7
	137.7
	141.4
	145.0
	145.3
	N/A

	NOTE 1: 
eNB is assumed with 2 Tx and 2 Rx in FDD systems.
NOTE 2:  1 Tx and 2Rx for normal UE and 1Tx and 1Rx for low-complexity UE are assumed 
NOTE 3: 
20dBm maximum transmission power is assumed for low-complexity UE.


Based on the table 1, it is unclear whether the 15dB coverage enhancement should be from the UE having 23dBm max. power or the UE having reduced max. power as the maximum power reduction will directly give an impact to the nominal coverage of the UE. Therefore, the amount reduced from 23dBm will be added to the required effective coverage enhancement level for the Rel-13 low-complexity UE. The table 2 shows the required coverage enhancement level per physical channel assuming that the Rel-13 low-complexity UE has 20dBm max. transmission power capability.
Table 2. Required coverage enhancement level per physical channel.

	Physical channel name
	PUCCH (1A)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	EPDCCH (1A)

	MCL for Rel-13 MTC UE
	144.2
	138.7
	137.7
	141.4
	145.0
	145.3
	N/A

	Required CE level (dB)

targeting 155.7dB MCL
	11.5
	17
	18
	14.3
	10.7
	10.4
	N/A

	Required CE level (dB)

targeting 152.7dB MCL
	8.5
	14
	15
	11.3
	7.7
	7.4
	N/A

	NOTE 1:  155.7dB MCL is based on 15dB coverage enhancement from normal UE with 23dBm max. Tx power.

NOTE 2:  152.7dB MCL is based on 15dB coverage enhancement from Rel-13 low-complexity UE with 20dBm max. Tx power


In Rel-12, the coverage enhancement target was started from 20dB but RAN1 agreed to support up to 15dB due to the diminishing return issue and the same can apply for Rel-13 low-complexity UE. On the other hand, the 155.7dB MCL was the coverage enhancement target in Rel-12 as well. Therefore, in order to keep the same coverage enhancement target, 155.7dB MCL could be kept as it is as long as the required coverage enhancement level is reasonable.
Proposal-1: adopt 155.7dB MCL as the target coverage enhancement for Rel-13 low-complexity UE
It has been agreed that the coverage enhancement techniques can also be used by other regular LTE UE categories as the benefit can be enjoyed for delay tolerant application in the coverage limited area. As described in [1], it seems to be desirable to have a common coverage enhancement solution for all UE categories as the solutions could diverse if we optimize the coverage enhancement techniques according to the UE capability, and it will result in significant standard efforts in the end. In addition, the performance and delay will be anyhow compromised in coverage enhanced mode, thus optimizing performance according to the UE capability doesn’t seem to be quite attractive. Therefore, it is straightforward to introduce a common solution for all UE categories as a mode of operation (e.g. coverage enhanced mode) and the coverage enhanced mode should be designed based on the Rel-13 low-complexity UE.  

Proposal-2: coverage enhancement should be introduced as a mode of operation and designed based on Rel-13 low-complexity UE only.
3
Conclusion
In this contribution, we discussed on the coverage enhancement target for Rel-13 low-complexity UE. From the discussions, the followings are proposed:
Proposal-1: adopt 155.7dB MCL as the target coverage enhancement for Rel-13 low-complexity UE

Proposal-2: coverage enhancement should be introduced as a mode of operation and designed based on Rel-13 low-complexity UE only.
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