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1 Introduction

In RAN #65, a WI on a new UE for MTC operation [1] has been approved. Then, in RAN1 #78bis, some agreements and working assumptions were made as follows [2],

Agreement:
· Reduced UE bandwidth of 1.4 MHz in downlink and uplink is prioritized as the most important complexity reduction technique for Rel-13 MTC UEs.
Working assumptions:
· The maximum TBS for unicast transmission for Rel-13 low complexity UE is approximately 1000 bits.
· UE is not required to support simultaneous reception of multiple transmissions for unicast and broadcast transmissions at least for Rel-13 low complexity UE. If eNB schedules unicast and broadcast simultaneously to UEs

· FFS: UE behavior
Working assumptions:
· The maximum TBS for broadcast transmission for Rel-13 low complexity UE is no more than approximately 1000 bits.

· RAN2 aspect and RAN1 aspect need to be considered further by RAN1 and RAN2 before confirming the working assumption

· RAN1 aspect including coding rate and spectral efficiency (taking into account coverage enhancement) and turbo coding gain

Agreements:

· Investigate whether the agreements and working assumptions from Rel-12 low cost MTC WI are applicable or whether further enhancements are needed
· Focus on PSS/SSS, PBCH, and PRACH in RAN1 #79 meeting and focus on other channels in RAN1 #80 meeting

· UE power consumption is the new aspect to be considered
Agreements:

· Regarding the physical downlink control channel for MTC:

· It is used to transmit DCI messages to Rel-13 low complexity UEs

· Its usage for other purposes than unicast transmission is FFS

· Its usage for other UEs in enhanced coverage is FFS

· It is a narrowband (within 6 PRBs) control channel

· Its demodulation is based on CRS and/or DMRS (FFS)

· It is not mapped to legacy control regions
· Its design is based on PDCCH or EPDCCH unless some aspects are agreed as not applicable
· This does not preclude the consideration of Rel-13 low complexity UE accessing 1.4 MHz system BW using legacy (E)PDCCH

This contribution discusses target coverage enhancement level and design considerations for Rel-13 low-complexity MTC UEs.
2 Target coverage enhancement level
According to WID, a relative LTE coverage enhancement is targeted for a new UE category/type for low-cost operation and other delay-tolerant MTC UEs [1]. The target enhanced coverage is 15 dB for FDD with respect to their nominal coverage. As the coverage of each channel can be different, in our view, the target coverage compared to its nominal coverage indicates that the maximum enhancement for the worst channel is targeted at 15dB. If the required enhanced coverage level is larger than 15dB, the required number of repetitions increases considerably, and it would degrade spectral efficiency significantly. Thus, it is desirable to target the maximum coverage enhancement level for any channel less than 15dB regardless of the features of the low-complexity UE. Depending on the features of low-complexity UE, the nominal coverage may change. Thus, to determine the target coverage enhancement level, the meaning of nominal coverage of a reference low-complexity UE for coverage enhancement needs to be clarified. 
Among many capabilities proposed for a low complexity UE, we consider the followings should be considered for low-complexity UE with coverage enhancements

· Single Rx/RF chain: As agreed in Rel-12, 4 dB coverage loss due to single Rx/RF chain from 2 Rx/RF chains is expected.
· Reduced DL/UL bandwidth: Depending on the channels, this might lead coverage loss. This will impact the channels such as PDCCH, PUCCH and PHICH which are transmitted over the entire system bandwidth. Thus, we assumed that PUCCH, PDCCH, and PHICH would be affected from lack of frequency diversity gain, and 2 dB coverage loss is assumed for these channels.

For uplink power reduction, as mentioned in our companion contribution [3], we consider this feature can be an optional feature. Moreover, from power saving perspective, a UE requires coverage enhancement might not operate with transmit power reduction. Thus, for determining nominal coverage of a reference low-complexity UE, this feature may not be considered.
Table 1 shows the nominal coverage and required coverage enhancement level for Rel-13 low-complexity MTC UEs. In [4], nominal coverage of Cat-1 UE for each channel was obtained. In that case, the channel has lowest coverage is PUSCH. Based on theses MCL values for Cat-1 UE, we obtained the nominal coverage for Rel-13 low-complexity UE by considering coverage loss from single Rx/RF chain and reduced DL/UL bandwidth. Then, PHICH has the worst nominal coverage for Rel-13 low-complexity UE. So the target MCL for Rel-13 low-complexity UE becomes 154.4 dB (139.4 dB + 15 dB), and required coverage enhancement for Rel-13 low-complexity UE can be calculated as shown in Table 1.

Table 1. Nominal coverage and required coverage enhancement level for Rel-13 low-complexity UEs
	Physical channel name
	PUCCH (1A)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH (1A)
	PHICH

	Nominal coverage of Cat-1 UE (MCL) [4]
	147.2
	141.7
	140.7
	145.4
	149.0
	149.3
	146.1
	145.4

	Nominal coverage of a reference Rel-13 low-complexity UE (MCL)
	145.2
	141.7
	140.7
	141.4
	145.0
	145.3
	140.1
	139.4

	Requirement coverage enhancement for Rel-13 low-complexity UE (dB)
	9.2
	12.7
	13.7
	13.0
	9.4
	9.1
	14.3
	15.0


Proposal 1: Coverage enhancement target of Rel-13 low-complexity UE is based on nominal coverage of Rel-13 low-complexity UE.

Proposal 2: Coverage loss from single Rx/RF chain and lack of frequency diversity should be considered to calculate the nominal coverage of Rel-13 low-complexity UE.
3 Design considerations 
In this section, we discuss some design considerations to enhance the coverage of MTC UEs. There are some considerable points to design the operation of coverage enhanced MTC UEs, and we propose technical directions which can reflect these design considerations.
· UE complexity
Especially for a new UE category/type for low-cost, reducing UE complexity would be beneficial. Transmission or reception of multiple channels simultaneously would increase the UE complexity, so multiplexing of channels needs to be minimized. For example, as agreed to working assumption in last meeting, reception of cell-common PDSCH and UE-specific PDSCH in a same subframe cannot be supported to a low-complexity MTC UE with coverage enhancement. We consider the common design between a new UE category/type without CE and with CE is desirable. Given that a new design for a new UE category/type even without CE is needed, common design of a new UE category/type as a special case of coverage enhancement (e.g., CE level = 0dB) can be considered. In that sense, for low complexity operation without CE, a UE might not be required to support simultaneous reception of multiple channels if it is decided for coverage enhancement operation.
· Tx/Rx time reduction
For power consumption reduction for a new UE category/type, reducing transmission/reception time would be necessary. Moreover, for a new UE category/type requires enhanced coverage, repetition of channels for multiple subframes can be a critical problem for power saving. Therefore, we should consider transmission/reception time reduction (i.e., reduce the number of TTIs used for Tx/Rx) for coverage enhancement.
Control overhead reduction, channel elimination, and new channel design would be some means to reduce UE Tx/Rx TTIs. Then, for instance, reduction of contents size for DCI such that smaller number of subframes is needed to meet the target CE level could be worthwhile to consider.

To reduce UE Tx/Rx TTIs, the number of repetitions over multiple subframes should be minimized. One way to accomplish this could be maximizing the resource in a subframe for signals/channels transmission. As an example, a UE could consume less power for PDSCH reception, if the PDSCH is transmitted via 6 RBs over 5 subframes, rather than the PDSCH transmitted via 1 RB over 30 subframes when the same data amount is assumed. For the same reason, in the case of the new UE category/type with reduced bandwidth, control channel reception over the entire OFDM symbols via EPDCCH could be more beneficial than reception via PDCCH which uses only a few OFDM symbols.
As the same principle above, to minimize UE Tx/Rx TTI, UE multiplexing in time-domain would be desirable where UEs can go back to sleep while not being serviced. Time-domain multiplexing and frequency-domain multiplexing can serve same amount of UEs, but Tx/Rx TTI for a UE would be shorter when time-domain multiplexing is applied. 
Applying multiple repetition levels for coverage enhancement would be another method, since it can reduce the unnecessary transmission and reception for a UE. 
Proposal 3: For the common design between a new UE category/type without CE and with CE, new UE category/type without CE can be considered as a special case of coverage enhancement (e.g., CE level = 0dB). 
Proposal 4: Focus on reducing the number of subframes used for Tx/Rx for coverage enhancement to save power consumption.
4 Conclusion 
In this contribution, we discussed target coverage enhancement level and design considerations for Rel-13 low-complexity MTC UEs. Based on discussion, we obtained following proposals.
Proposal 1: Coverage enhancement target of Rel-13 low-complexity UE is based on nominal coverage of Rel-13 low-complexity UE.
Proposal 2: Coverage loss from single Rx/RF chain and lack of frequency diversity should be considered to calculate the nominal coverage of Rel-13 low-complexity UE.
Proposal 3: For the common design between a new UE category/type without CE and with CE, new UE category/type without CE can be considered as a special case of coverage enhancement (e.g., CE level = 0dB). 

Proposal 4: Focus on reducing the number of subframes used for Tx/Rx for coverage enhancement to save power consumption.
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