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	Study Item (go to 2.1)

	X
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	Work Task (go to 2.4)
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	Title
	Nature of relationship

	
	
	


Go to §3.

2.2
Feature
	Related Study Item or Feature (if any)

	Unique ID
	Title
	Nature of relationship

	FS_LC_MTC_LTE
	Study on Provision of low-cost MTC UEs based on LTE
	FS_LC_MTC_LTE is a study of the feasibility of an LTE UE for MTC with reduced UE complexity and up to 20 dB coverage enhancement. The results are documented in TR 36.888.

	LC_MTC_UE
	Work Item on Low cost & enhanced coverage MTC UE for LTE
	LC_MTC_UE is a Rel-12 work item introducing a low complexity UE category. The initial work item scope also included up to 15 dB coverage enhancement.
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	Stage 3 (go to 2.3.3)
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	Document
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	Title
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	TS or CR(s)
	Clause
	Remarks

	
	
	



If no identified source of stage 1 information, justify: 
Go to §3.

2.3.3
Stage 3
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	Title
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	Else, corresponding stage 1 work item

	Unique ID
	Title
	TS

	
	
	


	Other justification

	TS or CR(s) or external document
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	Title
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	Title
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	TS / TR

	
	
	
	


Go to §3.
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3
Justification

The provision of Machine-Type Communications (MTC) via cellular networks is proving to be a significant opportunity for new revenue generation for mobile operators. The Rel-12 work item “Low cost & enhanced coverage MTC UE for LTE” specified a low complexity LTE device for MTC with Bill of Material cost approaching that of an EGPRS modem using a combination of complexity reduction techniques. However, results from the study item documented in TR 36.888 indicated that further complexity reduction of LTE devices for MTC can be achieved if additional complexity reduction techniques are supported. 
In addition, the study report TR 36.888 concluded that a coverage improvement target of 15-20 dB for both FDD and TDD in comparison to normal LTE footprint could be achieved to support the use cases where MTC devices are deployed in challenging locations, e.g. deep inside buildings, and to compensate for gain loss caused by complexity reduction techniques. The Rel-12 work item “Low cost & enhanced coverage MTC UE for LTE” also made significant progress towards specifying solutions for enhanced coverage but due to time limitations this was removed from the Rel-12 scope. Instead, RAN#63 endorsed a way forward (RP-140512) to continue MTC Coverage enhancements in Rel-13.
Power consumption is another important aspect that deserves more attention. Power saving design is a cross-layer effort, but at the physical layer the known best practice is to reduce active transmit/receive duration to a minimum.

4
Objective

4.1
Objective of SI or Core part WI or Testing part WI
The general objective is to specify a new UE for MTC operation in LTE that also allows for enhanced coverage compared to existing LTE networks and low power consumption, with the following detailed objectives:

· Specify a new Rel-13 low complexity UE category/type for MTC operation in any LTE duplex mode (full duplex FDD, half duplex FDD, TDD) based on the Rel-12 low complexity UE category/type supporting the following additional capabilities:

· Reduced UE bandwidth of 1.4 MHz in downlink and uplink.

· Bandwidth reduced UEs should be able to operate within any system bandwidth. The work should target high commonality between different system bandwidths, and therefore the physical channel design should if possible be agnostic to the system bandwidth.
· Frequency multiplexing of bandwidth reduced UEs and non-MTC UEs should be supported. 
· The UE only needs to support 1.4 MHz RF bandwidth in downlink and uplink.

· The allowed re-tuning time supported by specification (e.g. ~0 ms, 1 ms) should be determined by RAN4.
· Reduced maximum transmit power.

· The maximum transmit power of the new UE power class should be determined by RAN4 and should support an integrated PA implementation.
· Reduced support for downlink transmission modes.

· The following further UE processing relaxations can also be considered within this work item:

· Reduced maximum transport block size for unicast and/or broadcast signalling.

· Reduced support for simultaneous reception of multiple transmissions.

· Relaxed transmit and/or receive EVM requirement including restricted modulation scheme. Reduced physical control channel processing (e.g. reduced number of blind decoding attempts).

· Reduced physical data channel processing (e.g. relaxed downlink HARQ time line or reduced number of HARQ processes).

· Reduced support for CQI/CSI reporting modes.

· Target a relative LTE coverage improvement – corresponding to 15 dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage. 

· The following techniques (which shall be applicable for both FDD and TDD) can be considered to achieve this:

· Subframe bundling techniques with HARQ for physical data channels (PDSCH, PUSCH)
· Elimination of use of control channels (e.g. PCFICH, PDCCH)
· Repetition techniques for control channels (e.g. PBCH, PRACH, (E)PDCCH)

· Either elimination or repetition techniques (e.g. PBCH, PHICH, PUCCH)
· Uplink PSD boosting with smaller granularity than 1 PRB
· Resource allocation using EPDCCH with cross-subframe scheduling and repetition (EPDCCH-less operation can also be considered)
· New physical channel formats with repetition for SIB/RAR/Paging
· A new SIB for bandwidth reduced and/or coverage enhanced UEs

· Increased reference symbol density and frequency hopping techniques

· Relaxed “probability of missed detection” for PRACH and initial UE system acquisition time for PSS/SSS/PBCH/SIBs can be considered as long as the UE power consumption impact can be kept on a reasonable level.

· The amount of coverage enhancement should be configurable per cell and/or per UE and/or per channel and/or group of channels. Relevant UE measurements and reporting to support this functionality should be defined.
· When defining the detailed solutions for the above coverage enhancement techniques, the work should strive to minimize divergence of solutions between the new UE category/type and other UEs. Basically the solutions should be the same for the new low complexity UE category/type and for other UEs, however if a divergence cannot be avoided, the specification work for the new low complexity UE category/type should be given higher priority. One possible approach is to require a ‘normal complexity UE’ configured with the coverage enhancement techniques to mimic some of the behaviours of a Rel-13 low complexity UE configured with the coverage enhancement techniques.

· The work with the physical layer control signalling (e.g. EPDCCH) and higher layer control signalling (e.g. SIB, RAR and Paging messages) should aim for a high level of commonality between the solutions for the new Rel-13 low complexity UEs and the solutions for coverage enhanced UEs.
· Provide power consumption reduction for the UE category/type defined above, both in normal coverage and enhanced coverage, to target ultra-long battery life:
· When defining the detailed solutions for the Rel-13 low complexity UEs and the solutions for coverage enhanced UEs, strive to reduce active transmit/receive time. (e.g., minimizing the required number of repetitions by minimizing sizes of control messages).
· Modification, including redesign, addition or removal, of signals/channels can be considered if this can achieve significant power consumption reduction.

· Reduction of measurement time, measurement reporting, feedback signalling, system information acquisition, and synchronization acquisition time etc., can be considered if this can achieve significant power consumption reduction.

· Half duplex FDD, full duplex FDD, and TDD should be supported but since half duplex operation is particularly beneficial from device complexity and power consumption point of view, the solutions specified within this work item should be optimized for half duplex FDD and TDD.
· Reduced mobility support can be considered if this is needed to fulfil the objectives.

· The agreements and working assumptions made during the initial work carried out during the corresponding Rel-12 work item should be used as a starting point when applicable.

The work plan for the work shall be the following:

· RAN1 work

· Specify physical layer aspects, and initiate the design of the new UE category/type.

· RAN2 work

· Specification of Layer 2/3 protocol aspects.

· RAN3 work

· Specification of network protocol aspects on request from RAN1/RAN2.

· RAN4 work

· Determine the allowed re-tuning time for when the UE changes its Rx or Tx frequency.

· Determine the maximum transmission power level for the new UE power class.

· Specify UE, eNodeB and RRM core requirements.
· Specify necessary performance requirements related to the above mentioned core requirements.

4.2
Objective of Performance part WI
Specify necessary performance requirements related to the above mentioned core requirements
4.3
RAN time budget proposal
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Service Aspects

6
MMI-Aspects

7
Charging Aspects

8
Security Aspects

9
Impacts
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