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1 Introduction
This document provides a Text Proposal for inclusion in TR 36.888 on the technique of coverage improvement for low cost MTC UEs.
2 Text Proposal

This section provides the text proposals.
~ ~ ~  START OF TEXT PROPOSAL #1  ~ ~ ~

9. Coverage improvement
9.1 Description

Some MTC UEs are installed in the basements of residential buildings or locations shielded by foil-backed insulation, metalized windows or traditional thick-walled building construction, and these UEs would experience significantly greater penetration losses on the radio interface than normal LTE devices. The MTC UEs in the extreme coverage scenario might have characteristics such as very low data rate, greater delay tolerance, and no mobility, and therefore some messages/channels may not be required.
9.2 Analysis/evaluation of performance against requirements
9.2.1 Coverage analysis
An additional coverage requirement of a 20dB improvement in comparison to “normal LTE UEs” is targeted. Table 9.2.1-1 lists the MCL table for normal LTE UEs.
Table 9.2.1-1 Summary of MCL from Table 5.2.1.2-2 and Table 5.2.1.2-3 in Section 5.2.1.2 (unit:dB)
	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.


From Table 9.2.1-1, it can be expected when the amount of coverage improvement becomes larger, all channels listed in Table 9.2.1-1 need to be improved. For example, if the amount equals 20dB, all uplink and downlink channels need to be enhanced because the gap between maximum MCL and minimum MCL is 8.6 dB for FDD and 2.7dB for TDD. 
Given that single receive RF and bandwidth reduction might be used for MTC UEs, and these techniques would decrease downlink coverage, additional coverage improvement needs to be considered to compensate this coverage loss. 
Assuming an x dB coverage improvement is desired, the limiting channel from Table 9.2.1-1 with the minimum MCL will need to be improved by x dB. The other channels will require less improvement, with the overall amount of compensation equal to x dB reduced by the difference between the MCL and the minimum MCL. The overall amount of compensation should also include the application of low cost MTC techniques: single receive RF chain would require additional coverage compensation for downlink channels, and reduction of maximum bandwidth may require additional coverage compensation for the (E)PDCCH and PDSCH.
9.2.2 Messages/channels simplification
Some special characteristics (e.g., very low data rate, greater delay tolerance, no mobility) could be expected for those MTC UEs in the extreme coverage scenario. It may be concluded some messages/channels will not be required. 
· For PCFICH, it might not be required if the number of OFDM symbols used for PDCCH is fixed. Moreover, PCFICH can also be ignored when the starting OFDM symbol for data channel is fixed in EPDCCH.
· For PHICH, it may be possible to be eliminated, but at the cost of possibly sending more UL grants. 
· For PDCCH, DCI could become compact because some fields may not be required. 
9.2.3 Techniques on coverage improvement
9.2.3.1 Technique 1: Repetition and retransmission
To meet the additional coverage requirement, one simple technique that could be considered for all channels is repetition. Considering MTC UEs may be located in different area in a cell, not all UEs need the largest coverage improvement, which means different amounts of repetition will be used for various groups of MTC UEs. Reliable performance of channel estimation is required to guarantee the repetition gain in the low SNR region. In addition, the eNB or MTC UE may not predict the amount of repetition accurately and this may result in more resource and power consumption.  
Retransmission can also be used for coverage improvement, but it may need more control channel resources and latency to feedback ACK/NACK compared to repetition. However, transmission may stop as soon the packet is correctly received, which may save control and data resources to some extent. 
Repetition or retransmission could be used for overall amount of compensation, at a proportional cost of system spectral efficiency and power consumption. It is expected that a combination of retransmission and repetition will be used.
9.2.3.1.1 Power consumption
Repetition or retransmission would increase power consumption because of a longer reception time to deliver the same amount of data.
9.2.3.1.2 Impact on specification
As mentioned in section 9.2.2, some channels may not be required, so less impact on specification can be expected without considering improvement for these channels. 
Repetition or retransmission may lead to some impact on specification because some channels do not currently support this scheme, such as PBCH, PRACH, PUCCH, PHICH and PDCCH/EPDCCH and SCH.  
· For PBCH, repetition or retransmission could be used through repeating MIB within the subframe or across subframes. Some specification modification can be expected. 
· For PRACH, repetition or retransmission can be applied and combination gain will be achieved at eNB. However, some specification efforts are needed to support the repetition on PRACH. 
· For PUCCH, some specification modifications are required because only HARQ ACK/NACK support repetition.
· For PHICH, current specification does not support repetition or retransmission, and some specification efforts are needed unless UL grants are used instead.
· For PDCCH, higher aggregation levels or compact DCI would results some specification efforts. If repetition or retransmission is taken into consideration, more specification workloads are expected. 
· For SCH, lower SINR primarily translates into a penalty in terms of acquisition time. RAN4 needs to define new requirements to evaluate synchronization acquisition time for MTE UEs.
9.2.3.1.3 Cell spectral efficiency
Repetition or retransmission will degrade cell spectral efficiency because many resources are needed to deliver the same amount of data. To preserve spectral efficiency it is important to not apply more repetition or retransmission than necessary.
Greater delay tolerance may help minimize the impact to spectral efficiency. For example, as latency may be relaxed the EPDCCH/PDCCH (whichever the eNB determines is better) need not occur in the same subframe as the data transmission thus allowing frequency selective scheduling.
9.2.3.1.4 Analysis/evaluation of cost reduction 
Some channels need improvement to meet the requirement of coverage enhancement. It is noted that these improvements should not increase the device cost for MTC applications.

9.2.3.2 Technique 2: relay/repeater/meshes or external antennas
Some solutions such as relay/repeater/meshes can extend coverage for low cost MTC devices, and these solutions require additional sites to cover certain type of MTC device. Other solutions such as additional external antennas at the receiver could also provide enough compensation for greater penetration losses. It is possible that some small proportion of MTC devices in the worst locations could utilize relay/repeater/meshes or external antennas
.9.2.3.3 Other techniques
~ ~ ~  END OF TEXT PROPOSAL #1  ~ ~ ~
