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Introduction
WI for Rel.13 MTC [1] was agreed. This document discusses the design target, some high level assumptions for system design. We also describe some high level proposals on MTC.

Discussion and proposals
Coverage enhancement target
The WID for Rel.13 MTC [1] describes LTE coverage improvement, corresponding to 15 dB for FDD, with respect to their respective nominal coverage. Related to UE bandwidth of 1.4 MHz, WI is not so obvious whether 15 dB coverage enhancement is from 1.4MHz system operation or from the operating system bandwidth for example 20 MHz. In order to operate in challenging locations, e.g. deep inside buildings, the coverage enhancement compared with the operating system bandwidth is necessary. Therefore, we propose following. 
Proposal 1: 15 dB coverage enhancement is not from 1.4MHz operation but from operating system bandwidth like 20MHz.

We further would like to clarify that the reference nominal case of DL power is no power boosting of eNB.
Proposal 2: 15 dB coverage enhancement is referenced from the situation without any power boosting of eNB.


Assumption on eNB functionality
In Rel.12 MTC, how to introduce low cost MTC function smoothly to eNB was discussed. The reason is, if eNB does not support specified MTC functionality, the MTC terminal itself cannot be usable under that eNB. Therefore, minimum modification to eNB is beneficial for smooth introduction of MTC. In Rel.13 MTC, in order to achieve coverage enhancement like 15 dB, some more modification to the eNB would be required. On the other hand, at least to keep eNB RF component requirement identical would be quite beneficial for a smooth introduction of Rel.13 MTC into the deployed network. Therefore, we propose following. 
Proposal 3: No new additional functionality to eNB RF

According to above proposal, the most obvious impact would be the capability of power boosting. If eNB Tx power is 46dBm as example, because of 1.4MHz operation, one may consider 46 dBm over 1.4MHz operation even if the operating bandwidth is 20MHz. Our view is such operation should not be considered because of the requirement of reusing eNB RF. TS36.104 section 6.3.1 specifies the minimum requirements as following. 
Table 6.3.1.1-1 E-UTRA BS RE power control dynamic range
	Modulation scheme used on the RE
	RE power control dynamic range (dB)

	
	 (down)
	 (up)

	QPSK (PDCCH)
	-6
	+4

	QPSK (PDSCH)
	-6
	+3

	16QAM (PDSCH)
	-3
	+3

	64QAM (PDSCH)
	0
	0

	NOTE 1: 	The output power per carrier shall always be less or equal to the maximum output power of the base station.



Therefore, the amount of the power boosting in DL of the minimum requirement is limited to above range. The minimum capability of eNB shall still satisfy 15dB coverage enhancement. For EPDCCH, we assume the dynamic range specified for PDSCH is applied. Since we assume that only QPSK is used for coverage enhancement, we propose that the corresponding power boosting from the above table is applied.
Proposal 4: The assumption of the amount of power boosting in DL is limited to -6 to + 3 dB for PDSCH and EPDCCH. 


Power/resource allocation at eNB and power consumption at UE
Power consumption of MTC UE needs to be minimized even when it operates in the coverage enhancement mode. In order to reduce the UE power consumption, to minimize the reception time is important. Challenging locations, e.g. deep inside buildings, are a power limited (coverage limited) scenario and not an interference limited scenario. Therefore, the more power is transmitted, the more the coverage can be enhanced and the amount of the time to receive DL can be minimized. It means that a method to minimize the amount of the repetition and to reduce the UE power consumption is to allocate all 6 PRBs to a single MTC UE in a single subframe employing 3 dB power boosting. Compared to 1 PRB without power boosting, the improvement is already 11 dB (=6 times + 3dB). It looks like a TDM-style operation with 6 PRB as granularity. On the other hand, multiplexing UEs in 6 PRBs by a PRB pair granularity is a more LTE-like operation. This may or may not have some merit for a situation of an even smaller amount of data. We need further discussion on these points. 
Proposal 5: Full 6 PRB allocation to single UE with 3dB power boosting would minimize the amount of the repetition and UE DL power consumption. The merit/demerit needs to be discussed further.


UE re-tuning time
The WID for Rel.13 MTC [1] describes that the re-tuning time for when the UE changes its Rx or Tx frequency within the operating system bandwidth is determined by RAN4. On the other hand, currently RAN4 is fully occupied in its work. Although to prepare the LS to ask their view on switching time is definitely necessary, some assumption value in RAN1 would be necessary until RAN4's final decision is made. Even though the supported RF/BB bandwidth is already agreed as 1.4 MHz, our understanding is that there are several ways of the implementation relating to filter (analogue, digital in time domain, digital in frequency domain), ADC/DAC bandwidth, the number of oscillators, how 1.4 MHz are obtained over the system bandwidth, and so on. Depending on these realization methods, the switching time can be different. Generally we expect the longer re-tuning time, the lower the cost. On the other hand, a longer re-tuning time would decrease the spectrum efficiency in the wider system operation because a UE cannot receive anything during the re-tuning time and prevent frequent change of the frequency for better frequency diversity. The situation could be more difficult in half duplex. Our view is the switching time order would be either 1 symbol order or 500 s order. On the other hand, a 500 s order would be difficult to be used to other usage. Similar to half duplex mode UE of MTC Rel.12, to reserve 1 ms is one possibility. So our proposal is 
Proposal 6: UE re-tuning time assumption until RAN4 decision is one OFDM symbol or 1 ms order. RAN1 is asked to determine which value is used or to assume both until RAN4 decision.


PCI collision in enhanced coverage mode
Current network deployment would take into account PCI collision i.e. neighbour cells do not use the same PCI. To have the same PCI around the neighbour has the issue in PSS/SSS detection and the identification of the target cell ID during the handover. PCI re-allocation requires large amount of the network effort. Therefore, enhanced coverage mode needs to be operated without reallocation of PCI. This issue may be solvable, for example, not to be enhanced coverage mode when UE found multiple cells, mobility is based on the reselection only, to have separate PCI specific to MTC and so on. These topic needs to be discussed further but it should not require re-allocation of PCI.
Proposal 7: To allow enhanced coverage operation without re-allocation of PCI in existing deployments


Control channel and data ratio
In general, we expect average data size in MTC application is small. In case 100 bits like situation, to use (E)PDCCH for the assignment is quite large overhead as (E)PDCCH may take 30 to 50 bits order. This decreases the spectrum efficiency and increases the UE power consumption. A design to not use (E)PDCCH or minimize the control channel should be taken into account. On the other hand, to have a large number of blind detections for (E)PDCCH operation also increases the UE power consumption. Therefore, a good balance should be targeted.
Proposal 8: Control channel less operation or minimum control channel operation should be considered but balance to the number of blind detection needs to be taken into account.


Data and reference channel ratio
In a very low SINR condition caused by power shortage (i.e. noise limited and not interference limited), the degraded channel estimation contributes to the reception performance loss quite a lot. The current design of the reference signals does not assume such lower SINR range operation. By stationary deployment, longer averaging length certainly helps but very long  averaging is not achievable because of imperfections of the receiver and/or the transmitter like phase offset/rotations. To increase the reference signal ratio should be considered. One of the relatively simpler methods would be that the UE can assume that DMRS are transmitted and quasi-collocated with CRS. Then the receiver can utilize both CRS and DMRS without modifications of the RE grid in a subframe. 
Proposal 9: Consider the increase of the usable reference signal in order to achieve the required performance in very low SINR.


Multiple subframe code spreading 
The repetition is essential part in order to have coverage enhancement. To minimize the degradation caused by the repetition, we propose multiple subframe code spreading in [2]. As the target UE mobility is low, coherent combining i.e. de-spreading operation, is quite feasible. It does not require any redesign of the channel structure except for the multiplication of the spreading code. Our evaluation in [2] shows that no degradation is caused by Multiple subframe code spreading.

SIBs/RAR/paging
[bookmark: _GoBack]Data channel operation like PDSCH or PUSCH is often discussed first in the system design. But the SIBs/RAR/paging aspect is quite important to take into account from the beginning as it determines system capability and it is shared among large number of UEs. This is one the lesson learned from Rel.12 MTC design. We have a corresponding contribution in [4].
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