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1	Introduction
In Rel-12, a low complexity MTC UE category will be introduced with the bill of material cost expected to be around 50% of a single-band single-RAT Category-1 UE modem. In Rel-13, it is expected that a feature to provide coverage extension of up to at least 15 dB based on the original Rel-12 scope will be introduced. In this contribution, we provide an overview of further Rel-13 enhancements that should be considered for machine-type communications in LTE.
Reduced UE bandwidth and coverage enhancements have been removed from the scope of the Rel-12 work item on “Low cost & enhanced coverage LTE UE for MTC”. This contribution discusses certain observations that can be used as a starting point if these features are considered for introduction in a new work item in Rel-13.
[bookmark: _Ref377377530]2	Further Enhancements for MTC on LTE
The Internet of Things (IoT) refers to interconnection and exchange of data among devices. An estimated 50 billion connected devices will be deployed by 2020 [1]. Machine-type communications integrates information and communication technologies, thus enabling the Internet of Things. Cellular IoT is expected to be a key driver for growth in cellular networks. The following requirements for cellular IoT are envisioned:
· Very low cost devices
· Ubiqitious coverage including locations with high penetration loss such as basements or meter closets
· Low power consumption by the device – e.g. battery life of greater than 10 years with 2 AA batteries
· Support large number devices used for MTC 
· Protocols that are optimized for transfer of small size payload with low control plane overhead
To satisfy these requirements, at least the following enhancements should be considered in Rel-13:
1. Device cost and complexity reduction
Further cost reduction should be considered to reduce the bill of material cost of the modem to 20-25% of that of a Category-1 UE modem. This can be achived by reducing the UE receive and transmit bandwidth in the RF to 1.4 MHz, reducing the peak data rates for both downlink and uplink to approximately 200 kbps, and possibly by reducing the maximum transmission power of the UE as shown in Table 1.
[bookmark: _Ref386801067]Table 1. Feature list comparison for different UE categories.
	Feature
	Cat-4
	Cat-1
	Rel-12 Low Complexity UE
	Rel-13 Low Complexity UE

	UE RF Bandwidth
	20 MHz
	20 MHz
	20 MHz
	1.4 MHz

	DL Peak Rate
	150 Mbps
	10 Mbps
	1 Mbps
	~200 kbps

	Max No of DL Layers
	2
	1
	1
	1

	UL Peak Rate
	50 Mbps
	5 Mbps
	1 Mbps
	~200 kbps

	No of RF Rx chains
	2
	2
	1
	1

	Max UE Tx power
	23 dBm
	23 dBm
	23 dBm
	~20 dBm

	Duplex Mode
	Full
	Full
	Half (optional)
	Half (optional)

	Relative BOM Cost
	125%
	100%
	50%
	20-25%


Introduction of a new UE power class with a few dB reduced maximum transmission power is intended to enable cheap single chip modem implementations without the need for an external power amplifier.
Note that the bandwidth reduced UE will be able to operate within any LTE system bandwidth up to 20 MHz even though it can only receive and transmit a small portion of the total bandwidth at a time.
Furthermore, device complexity may be reduced to provide further cost saving and shorten development time. This may include simplifying or eliminating some current LTE operations for these UEs.
  
2. Coverage enhancement
In Rel-13, it is expected that a feature to provide coverage extension of up to 15dB will be introduced. However, it has been shown in [2] that up to 20dB coverage extension is feasible. Therefore, up to 20dB may be considered in Rel-13. Potential techniques that may be used to extend coverage include relaxation of requirements, repetition, subframe bundling, HARQ retransmission, and PSD boosting as shown in Table 2.

[bookmark: _Ref386801929]Table 2. Link budget for coverage enhancement (FDD case).
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3. Device power saving
In Rel-12, a UE power saving mode will be introduced to increase UE battery life time. Further improvements to increase battery life may be considered in Rel-13. This needs to be further studied by the appropriate working groups.

Past studies on MTC in LTE have demonstrated the feasibility of the above enhancements and provided some potential solutions. Techniques for reducing cost and complexity as well as for extending coverage have been studied in [2]. Protocol and higher-layer enhancements have been studied in [3][4].
3	On Reduced UE Bandwidth and Enhanced Coverage
In order for the bandwidth reduced low complexity UE to receive wide network support early on, it is desired to strive for high commonality between the solutions for supporting the bandwidth reduced low complexity UE and the solutions for supporting the 15-20 dB coverage enhancement.
· This way, when a network vendor implements support for the coverage enhancement, support for the bandwidth reduced low complexity UE should come at a comparatively small additional implementation cost.
· This is a strong reason to treat the coverage enhancement and the bandwidth reduced low complexity UE within the same work item.
A potential Rel-13 work item in this area should take the learnings from the Rel-12 work item on “Low cost & enhanced coverage LTE UE for MTC” into account. The following observations can be used as a starting point in a new work item:
· EPDCCH is more suitable than PDCCH for bandwidth reduced UEs as well as coverage enhanced UEs. A bandwidth reduced UE needs a bandwidth reduced physical control channel such as EPDCCH. In enhanced coverage, where a large number of repetitions will be needed, PDCCH resources may become a bottleneck, something that is less likely to happen with EPDCCH. A relatively small search space may be sufficient, which may help reduce the UE complexity related to (E)PDCCH blind decoding.

· Cross-subframe scheduling suits both bandwidth reduced UEs and coverage enhanced UEs well. The scheduling flexibility and throughput of a bandwidth reduced UE may benefit from being able to receive EPDCCH and PDSCH sequentially. In enhanced coverage, one practical solution is that all (E)PDCCH subframes are transmitted before all PDSCH subframes, i.e. a form of cross-subframe scheduling.

· Joint encoding of RAR/Paging messages may not be suitable for bandwidth reduced UEs and coverage enhanced UEs. The coverage and/or capacity for legacy RAR/Paging messages will suffer if all messages have to be bandwidth reduced and/or power boosted in order to be receiveable by bandwidth reduced UEs [5][6]. In enhanced coverage, where each RAR/Paging message needs to be repeated, the problem becomes even worse. Hence it makes sense to consider UE-specific separately encoded (not jointly encoded) transmissions with the possibility of repetition for RAR/Paging messages to bandwidth reduced UEs and enhanced coverage UEs.

· New scheduling of common control messages such as SIB, RAR, and Paging messages is required for bandwidth reduced UEs and coverage enhanced UEs. Both bandwidth reduced UEs and coverage enhanced UEs may need a large number of repetitions for the common control messages that they need to receive [5][6]. For SIB transmissions it should be feasible to re-use legacy repetitions assuming that the system information acquisition time can be relaxed. If UE-specific separately encoded RAR/Paging messages are introduced, there may not be any need to support an (E)PDCCH common search space for reduced bandwidth UEs and enhanced coverage UEs.

· Rel-13 low complexity UEs and UEs in enhanced coverage may be associated with relaxed requirements. The bandwidth reduced UE and operation in enhanced coverage may be optimized for e.g. a single-band, single-RAT, stationary scenario if such assumptions result in significant simplifications. Rudimentary idle mode mobility support may be sufficient for these UEs.
Note that many observations are common for bandwidth reduced UEs and coverage enhanced UEs and that there should be substantial ground for commonality between the two when it comes to the technical solutions.
4	Conclusion
While Rel-12 provides substantial improvements for MTC with respect to device complexity and power consumption, we still see a big potential for further improvements for MTC in Rel-13.
Due to large potential synergies between UE bandwidth reduction and coverage enhancement it would be wise to handle these features within the same Rel-13 work item.
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Physical channel name PUCCH PRACH PUSCH PDSCH SCH PBCH EPDCCH

Transmitter

Max Txpower  (dBm) 23 23 23 46 46 46 46

(1) Actual Txpower (dBm) 23 23 23 46 46 46 46

Receiver

(2) Thermal noise density (dBm/Hz) -174 -174 -174 -174 -174 -174 -174

(3) Receiver noise figure (dB) 5 5 5 9 9 9 9

(4) Interference margin (dB) 0 0 0 0 0 0 0

(5) Occupied channel bandwidth (Hz) 180000 1080000 360000 180000 1080000 1080000 180000

(6) Effective noise power

= (2) + (3) + (4) + 10 log((5))  (dBm) -116.4 -108.7 -113.4 -112.4 -104.7 -104.7 -112.7

(7) Required SINR (dB) -7.8 -10 -4.3 0 -3.8 -3.5 -0.7

(8) Coverage enhancement technique 13.8 19.3 20.3 2.6 6.5 6.8 1.9

Repetition and/or PSDboosting 13.8 14.7 17.3 2.6 4.8 1.9

Relaxed requirement 4.6 6.5 2.0

HARQ retransmission 3.0

(9) Receiver sensitivity

= (6) + (7) -(8) (dBm) -138.0 -138.0 -138.0 -115.0 -115.0 -115.0 -115.0

(10) MCL 

= (1) -(9) (dB) 161.0 161.0 161.0 161.0 161.0 161.0 161.0


