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1 Introduction
This document gives an overview of the work required for RAN4 to complete the work item “Low cost & enhanced coverage MTC UE for LTE”, and Vodafone would like RAN4 to discuss this with a view to gaining a common understanding of the spec impacts and further work required during RAN4#68bis. 
The work item description for this work item is also attached to provide further background.
2 UE functionality support
General

The following should be taken into account by RAN4:

· “Low cost MTC” features and “MTC coverage extension” features should apply to ALL duplex modes of the MTC UE. Therefore Half Duplex is also covered here, also because this was one of the techniques that was considered to provide cost saving in the “Low Cost MTC” study item (see TR36.888 “Study on provision of low-cost Machine-Type Communications (MTC) User Equipments (UEs) based on LTE”).
· “MTC coverage extension” features apply to both the UE supporting the “low cost MTC” features, and to other UEs.
· It has not been agreed so far whether all “low cost MTC” UEs shall support “MTC coverage extension features.

· The common understanding (in order to maximize savings) is that all “low cost MTC features may be operated in the UE at the same time. However, there is no current agreement that all “low cost MTC” features shall be supported/operated at the same time in the same UE.
· Single Rx and Half duplex are both “low cost MTC” features.

Number of bands in low cost device: There is no current agreement within 3GPP to restrict “low cost MTC” support to particular subset of frequency bands, and Vodafone considers that this would be something to be decided based on market demand during product development.
CA support: The TR 36.888, it was assumed that CA was not supported by a low cost MTC device. Therefore, it is assumed that minimum requirements for CA configurations would not apply for such devices.

3 Core requirements impacts
-
Single Rx antenna UE (for low cost aspect): 

The low cost MTC device will operate with a single Rx antenna. Therefore core RF requirements for the UE will need to be defined for operation with a single Rx antenna. These will include:

· Impacts to 36.101: For Rx requirements in section 7, the receiver characteristics indicate that the test setup applies “identical” wanted signals to each Rx antenna port, and “identical” interfering signals to each Rx antenna ports. Therefore Vodafone understands that there would be the following impacts to each requirement below, based on the use of a single Rx antenna port.
· Reference sensitivity level: This would be reduced by X dB, where X is assumed to be 3dB due to the “wanted” signal power being halved.
NOTE: The same value of X is also applied where stated in the requirements below.
· Maximum input level: In order to meet the required throughput, the “Power in Transmission Bandwidth Configuration” would need to be increased by XdB.
· Adjacent channel selectivity: 
· Case 1 requirements would not change, as both wanted and interferer signal are relative to REF_SENS..
· Case 2 requirements would seem not to change as both wanted and interferer signal are absolute levels, so would both scale with the removal of one antenna port.
· In-band blocking: As the wanted signal is relative to REFSENS, the value of Pinterferer should be increased by X dB in each case..
· Out-of-band blocking:  As the wanted signal is relative to REFSENS, the value of Pinterferer should be increased by X dB in each case.
· Narrowband blocking: As the wanted signal is relative to REFSENS, the value of PUW should be increased by X dB in each case..
· Spurious response: As the wanted signal is relative to REFSENS, the value of Pinterferer should be increased by X dB in each case.

· Intermodulation characteristics: As the wanted signal is relative to REFSENS, the values of Pinterferer1 and Pinterferer2 should be increased by X dB in each case..
· Spurious emissions: No impact is foreseen as the measurement is performed at each antenna port.
· Receiver image: No impacts foreseen. Requirement only valid for Carrier Aggregation configurations.
· Impact on 36.133 core requirements: It would seem that the only impact on the TS36.133 core requirements would be to adjust the side conditions of E-UTRA RSRP, SCH_RP, PRP, and Io for RRM measurements to take into account the relaxed sensitivity, similar to what is already specified for CA supporting UEs in section B.4.2. 
-
Half duplex operation (for low cost aspect): 
The work item description indicates that low cost MTC should support all duplex modes, as one aspect that RAN1 considered for cost reduction is the removal of the duplex filter from the device. These will include the following:

· Impact to TS36.101 core requirements: Switching time between DL and UL transmissions: RAN1 would need to understand from RAN4 how much switching time is needed by the UE, such that suitable solutions can be identified. In the TR36.888, a few solutions for this are documented:

· Rely on eNB scheduler to leave a sufficient gap between data scheduled on DL and UL, such that switching may take place. 
· Possible optimization when switching from DL to UL by the UE DRXing in the final OFDM symbol(s) at the end of the downlink sub-frame to allow for the switching to uplink.

· Impact to TS36.133 core requirements: Only requirements in “RRC CONNECTED state” need to be considered here, as the UE does not transmit in IDLE state.

· E-UTRA intra-frequency handover and inter-frequency handover requirements are the same for FDD and TDD, and therefore as Half Duplex FDD would be no worse in terms of downlink reception opportunities than TDD, there seems to be no changes required to requirements in section 5 of TS36.331.

· Relevant requirements in section 6 and 7 of 36.331 are agnostic to the duplex mode, so it is assumed no changes would be needed here for HD-FDD.

· UE measurement procedures in RRC connected mode for intra-frequency and inter-frequency measurements are the same for FDD and TDD, and therefore it can be assumed that for HD-FDD there are no changes required to existing requirements. This seems to apply also for the case where e-ICIC and fe-ICIC are applied. 
· For positioning measurements, more checking is needed as to whether there is any impact.

-
PSD and RS boosting on PDCCH/E-PDCCH (for coverage extension aspect)
This is one of the solutions to allow further coverage extension. Further details need to be agreed in RAN1 before this work can start properly, but there may be impacts to Base Station EVM requirements.

-
Possible delays to system information reception (for coverage extension aspect, and maybe low cost “reduced reception bandwidth”)
RAN1 is currently discussing mechanisms to allow extended reception coverage of the above information in the cell for the MTC UE, and one mechanism would likely lead to the UE needing to receive instances of System information multiple times before it can be decoded, which may cause delays to system information reception, time TSI. However this needs further discussion in RAN1 and RAN2 before RAN4 should consider this in detail.
Any delays would impact: “RRC connection re-establishment” requirement in TS36.133. 
 -
Need for longer PSS/SSS acquisition time (for coverage extension aspect)

RAN1 is currently discussing mechanisms to allow extended reception coverage of PSS and SSS in the cell for the MTC UE, and this would likely lead to the UE needing to receive instances of PSS and SSS multiple times before it can be decoded. However this needs further discussion in RAN1 and RAN2 before RAN4 should consider this in detail.
Any delays would impact: Cell re-selection requirements, RRC connection re-establishment, UE measurement procedures in RRC connected mode. 

-
Need for longer CRS acquisition time (for coverage extension aspect)

RAN1 is currently discussing mechanisms to allow extended reception coverage of CRS in the cell for the MTC UE, and this would likely lead to the UE needing to receive instances of CRS multiple times before it can be decoded. However this needs further discussion in RAN1 and RAN2 before RAN4 should consider this in detail.
Any delays would impact: Cell re-selection requirements for intra-E-UTRA mobility, E-UTRA RRC CONNECTED state mobility for intra-E-UTRA mobility, RRC connection re-establishment, UE measurement procedures in RRC connected mode for intra-E-UTRA mobility. 
Impacts to RAN4 performance requirements

Once RAN1 has made progress, it will become clearer what kind of changes are needed to UE demodulation requirements in TS36.101 and RRM performance requirements in 36.133. 
4 Current work plan for this work item
RAN4 core requirements work is highlighted in green. RAN4 performance requirements work is highlighted in yellow. After December, the time units will be reviewed.
October 2013
RAN1#74bis [1.5 Time Units] 

· Low cost: For bandwidth reduction, agree on resource allocation details (predefined, fixed, semi-static, Dynamic) for initial and subsequent access for BW reduction.
· Coverage: Finalise physical layer design details of techniques.
· PBCH: 


· Analyse need for MIB content reduction. If required, which aspects can be reduced?

· Investigate reduction (or combining to create a new SIB) of SIB1/SIB2 for support of “enhanced coverage mode” 

· Decide if PSD boosting and New PBCH is needed
· PRACH
· Agree principles of mechanism for identifying poor coverage UEs. PRACH or RSRP based. Discuss details of proposals.
· Discuss details of PRACH format enhancement i.e. new PRACH format, new resources, or repetition of existing PRACH format. 

· If possible agree on number of repetition required for enhanced coverage.

RAN4#68b [1C, 0.75P Time Units] 

· Low cost: 
· Identify spec impacts for low cost UE.
November 2013
RAN1#75 [1.5 Time Units]

· Low cost & coverage: Confirm P-BCH/SIB design for low cost & enhanced coverage UE.

· Coverage: Conclude on need for UL and DL HARQ, and paging, and finalise physical layer design for UL and DL layer 1 control channels.

RAN2#84 [0.75 Time Units]

· Low cost: 

· Specify UE category and associated UE capability for low cost MTC UE. 

· Coverage: 

· Study control plane impacts for low cost and enhanced coverage (MIB/SIB, initial access), and aim to provide feedback to RAN1 on proposed solution.

· If possible, provide some feedback on the mechanism to determine UEs needing “enhanced coverage”.

RAN4#69 [0.5C, 0.75P Time Units]

· Low cost: Agree changes to single Rx and Half duplex RF specs – discuss requirement values.

· Coverage: Identify impacts of PSD boosting and potentially RS boosting on RAN4 core requirements. 

February 2014

RAN1#76 [1.5 Time Units] 

· Coverage: Progress any outstanding issues.

RAN2#85 [1.5 Time Units]

· Coverage: 

· Agree principles of solutions for higher layer impacted procedures to cope with higher latency due to enhanced coverage.

· If not done already, feedback to RAN1 on the mechanism to determine UEs needing “enhanced coverage”.

RAN4#70 [1C, 0.75P Time Units]

· Low cost: Finalise changes on single Rx and half duplex.

· Coverage: 

· Agree on changes to core requirements for PSD boosting (and RS boosting if agreed).

· Feedback, if required, on RSRP measurement accuracy for identifying UEs needing “enhanced coverage”

· General: Progress on any changes to RRM requirements from low cost and enhanced coverage.

March 2014

RAN1#76b [1.5 Time Units]

· General: Finalise any outstanding issues.

RAN2#85b [1.5 Time Units]

· General: Progress the details of RRC configuration parameters for enhanced coverage and low cost UEs.

RAN4#70b [0.5C, 0.75P Time Units]

· General: Finalise CRs for UE and BS core RF requirements.

· General: Progress on RRM core requirement aspects.

May 2014

RAN1#77 [1.5 Time Units]

General: Finalise CRs.

RAN2#86 [1.5 Time Units]

· General: Agree final stage 3 CRs. 

RAN4#71 [0.5C, 1.5P Time Units]

· General: Finalise any changes to RRM core requirements.

· Coverage: Initial discussion on scenarios for new UE/BS demodulation requirements.

August 2014

RAN4#72 [0.5P Time Units]

· Coverage: Agree scenarios for new UE/BS demodulation requirements and simulation assumptions.

· General: Discuss and aim to agree framework for any new RRM performance requirements (including test cases).

October 2014

RAN4#72b [0.5P Time Units]

· Coverage: If needed, adjustment of parameters for demod simulation assumptions and/or validation of test points.

· General: Progress on RRM performance requirements and test cases.

November 2014

RAN4#73 [0.5P Time Units]

· Coverage: Finalise ideal demod simulations from all companies.

· General: Agree on final RRM performance requirements and test cases. 

Q1/ 2015

RAN4#74 [0.5P Time Units]

· General coverage: Finalise all demod simulations and agree requirements.

· General: Agree CRs to 25.133 for RRM performance requirements and test cases.


· 
· 
· 


· 
· 


· 
· 
· 


· 
· 


· 
5 Proposal

RAN4 to discuss this document and attempt to confirm the core requirement impacts at RAN4#68bis.
Page 1

