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1 Introduction

In RAN#60, the “Low Cost & Enhanced Coverage MTC UE” WI was approved [1].  This WI aims at introducing a new low-cost MTC UE and allowing for enhanced coverage for these new MTC UEs and also other MTC UEs.  The objectives for low cost MTC UE are:

· Specify a new UE category/type for MTC operation in all LTE duplex modes supporting the following capabilities:

· 1 Rx antenna.

· Downlink and uplink maximum TBS size of 1000 bits.

· Reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband, while the control channels are still allowed to use the carrier bandwidth. Uplink channel bandwidth and bandwidth for uplink and downlink RF remains the same as that of normal LTE UE.

NOTE:
Reduced downlink channel bandwidth for control channels in baseband could also be considered if EPDCCH with CSS is already considered in Rel-12 timeline by other work.
And for the coverage enhancement aspect of the WI, we note the following objective:

· Provide a relative LTE coverage improvement – corresponding to 15dB 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 discuss the coverage enhancement gain requirement for low cost and normal MTC UE operating in coverage enhanced mode.

2 Discussion
Coverage enhancement of 15 dB is targeted for normal MTC UE (Category 1 UE) and low cost MTC UE [1].  Since the low cost UE has only 1 Rx antenna, the MCL for all the downlink physical channels are degraded.  We first evaluate the required coverage enhancement for each physical channel for normal MTC UE and low cost MTC UE.
The MCL required for each physical channel for a Category 1 UE in [2] is summarised in Table 1.

Table 1: MCL for Category 1 UE

	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

	Note1: eNB is assumed with 2 Tx and 2 Rx in FDD systems.

Note2: 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.


In the SI, the amount of additional gain required for each channel was determined by equalising the MCL across all channels after increasing the MCL of the weakest channel by 20dB.  For a target of 15 dB in the WI and using PUSCH and PRACH as the weakest channel for FDD and TDD respectively, the required coverage enhancements for each channel are summarised in Table 2.
Table 2: Target coverage enhancement (dB) for Category 1 UE

	Channel
	PUCCH (1A)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH (1A)

	FDD
	8.5
	14
	15
	10.3
	6.7
	6.4
	9.6

	TDD
	12.3
	15
	14.3
	13.6
	12.7
	12.4
	14.8


In [2] it is concluded that there is no loss in coverage in reducing the bandwidth for downlink data only and that there is a loss of 4 dB in coverage if only a single Rx antenna is used.  We can recalculate the MCL for low cost MTC UE by assuming that all downlink channels have a degradation of 4 dB and this is summarised in Table 3.  It is observed that for FDD the weakest physical channel is still PUSCH whilst the weakest physical channel in TDD is changed from PRACH to PDCCH.  
Table 3: MCL for Low Cost MTC UE

	Channel
	PUCCH (1A)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH (1A)

	MCL (FDD)
	147.2
	141.7
	140.7
	141.4
	145
	145.3
	142.1

	MCL (TDD)
	149.4
	146.7
	147.4
	144.1
	145
	145.3
	142.9


Using the same method as that for Category 1 UE, we calculate the required coverage enhancement for each physical channel assuming a target coverage enhancement of 15 dB for low cost MTC UE and taking PUSCH and PDSCH as the weakest channel for FDD and TDD respectively.  The target coverage enhancements are summarised in Table 4.

Table 4: Target coverage enhancement (dB) for Low Cost MTC UE

	Channel
	PUCCH (1A)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH (1A)

	FDD
	8.5
	14
	15
	14.3
	10.7
	10.4
	13.6

	TDD
	8.5
	11.2
	10.5
	13.8
	12.9
	12.6
	15


It is observed that for FDD, the required uplink coverage enhancements for normal and low cost MTC UEs are the same but those for the downlink are increased by 4 dB for low cost MTC UE.  For TDD, the uplink coverage enhancement requirements for low cost UE are reduced compared to the requirement for Cat 1 UEs, whilst those for the downlink are increased marginally.
Observation 1: For FDD, the amount of uplink coverage enhancement required for low cost MTC UEs is the same as those for normal MTC UE.

Observation 2: For FDD, the amount of downlink coverage enhancement required for low cost MTC UEs is 4 dB more than those for normal MTC UE.
Observation 3: For TDD, the amount of uplink coverage enhancement required for low cost MTC UEs is about 4 dB less than those for normal MTC UE.

Observation 4: For TDD, the amount of downlink coverage enhancement required for low cost MTC UEs is about the same as those for normal MTC UE.

Based on these observations, we can consider the following options:

1. Low cost MTC UEs and normal MTC UEs share a common set of coverage enhancement requirements, determined by the larger of the two enhancement requirements.  NOTE: That FDD and TDD have different set of coverage enhancement requirements.

2. Low cost MTC UEs and normal MTC UEs have different coverage enhancement requirements.

In general the amount of coverage enhancement provided by a given coverage enhancement technique is independent of whether the technique is applied to a low-cost MTC UE or to a normal MTC UE. Therefore adopting different coverage enhancement requirements for the different categories of UE would result in differences in the corresponding coverage enhancement techniques, which would result in increased standardisation complexity, conformance testing effort and eNB complexity. 
In addition, it is beneficial that the eNB supports multiple levels of coverage enhancement rather than a single coverage enhancement for the worst case (i.e. 15 dB).  Given this, a common set of coverage enhancement requirements for both low cost MTC UE and normal UE, i.e. Option 1, would apply only to the worst case, and the eNB can configure different levels of coverage depending on the deployment scenario.  Using Table 2 and Table 4 the common coverage enhancement requirements using Option 1 is summarised in Table 5.
Table 5: Common target coverage enhancement (dB) for Low Cost MTC UE & Cat 1 UE
	Channel
	PUCCH (1A)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH (1A)

	FDD
	8.5
	14
	15
	14.3
	10.7
	10.4
	13.6

	TDD
	12.3
	15
	14.3
	13.8
	12.9
	12.6
	15


Proposal 1: Low cost MTC UEs and normal MTC UEs share a common set of coverage enhancement requirements as those summarised in Table 5.  

3 Conclusion

In this contribution we evaluate the amount of coverage enhancement required for low cost MTC UEs and normal MTC UEs.  We observe the following:
Observation 1: For FDD, the amount of uplink coverage enhancement required for low cost MTC UE is the same as those for normal MTC UE.

Observation 2: For FDD, the amount of downlink coverage enhancement required for low cost MTC UE is 4 dB more than those for normal MTC UE.

Observation 3: For TDD, the amount of uplink coverage enhancement required for low cost MTC UE is about 4 dB less than those for normal MTC UE.

Observation 4: For TDD, the amount of downlink coverage enhancement required for low cost MTC UE is about the same as those for normal MTC UE.

Based on these observations, we propose that:

Proposal 1: Low cost MTC UEs and normal MTC UEs share a common set of coverage enhancement requirements as those summarised in Table 5.
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