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1.
Introduction

A low cost and enhanced coverage UE for machine telecommunications (MTC) WI has been approved at RAN#60 [1]. This contribution provides an overview of both core and performance issues that will be impacted from a RAN4 perspective.
2. WI Requirements
The key objectives of the new work item on “Low cost & Enhanced coverage MTC UE for LTE” are defined in [1] and summarized below:
1. Specify a new UE category/type for MTC operation in all LTE duplex modes supporting the following capabilities:

· 1 Rx antenna.

· Downlink and uplink maximum TBS size of 1000 bits.

· Reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband, while the control channels are still allowed to use the carrier bandwidth. The uplink channel bandwidth and the bandwidth for uplink and downlink RF remains the same as that of normal LTE UE.

2. Provide a relative LTE coverage improvement – corresponding to 15dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage. 
· Specify the following techniques (which shall be applicable for both FDD and TDD) to achieve this:

· Simplification of PHICH and PCFICH functionality or alternative mechanism to PHICH and PCFICH functionality so that coverage limited UE is not constrained by PHICH and PCFICH physical channels

· A mechanism(s) to support scalability of spectral efficiency impact for coverage improvement by identifying UE requiring additional coverage improvement and informing eNB the amount of coverage the UE requires.
· Repetition/TTI bundling and extension to PSD boosting for applicable channels/signals identified during study phase.

· A relaxed requirement for “probability of missed detection” for PRACH.

· When defining the detailed solutions for the above coverage enhancement techniques, relative spectral efficiency impact and cost/power consumption impact should be taken into account, and divergence of solutions between the new UE category/type and other UEs (mentioned above) should be minimised where possible.

3. Potential Impacts of Work Item 

3.1 Potential Impacts to RAN1:
Based on the characteristics defined in [1] for an MTC UE, RAN1 has commenced investigating the impacts and potential specification changes for a Low cost & enhanced coverage MTC UE for LTE. These potential impacts include:
· For low cost MTC UE aspects: 

· Define new UE category and associated additional UE capabilities for cost reduction techniques.

· Possible design of a new MIB with reduced system information to allow UE operation with reduced bandwidth for data and enhanced coverage.

· For fundamental coverage techniques:

· Define baseline techniques highlighted in WID.

· Define simplification of PHICH and PCFICH functionality or alternate mechanisms for PHICH and PCFICH functionality such that a coverage limited MTC UE is not constrained by PHICH and PCFICH physical channels.

· Define mechanisms to identify delay-tolerant MTC UEs and their level of coverage, as well as possibly tune their configuration to trade-off coverage with spectrum efficiency impacts

· For complimentary coverage techniques to mitigate spectrum efficiency impacts:

· Consider the additional techniques in the WID.

Furthermore, based on the discussions captured in the minutes of the RAN1#74 meeting [2], currently the following agreements have been reached in this work item:
· For the new UE category for low cost MTC UEs 
· There is no need to support 64QAM for the uplink
· The maximum number of supported layers for downlink and uplink is 1
· The PDSCH frequency allocation method  is for further study and may include:

· Pre-defined or fixed manner or dynamic-manner for initial access
· Semi-static or dynamic manner for others
· For the purpose of investigating the required coverage enhancements, coverage loss for PBCH by 1 Rx antenna is assumed to be 4dB
· Can also consider a 4dB loss for other downlink channels when needed
· Intermittent repetition / PSD boosting of PBCH could be applied to minimize the spectral efficiency loss
· UE behavior, impact on UE power consumption, and configurability are FFS
· Introducing a new PBCH is FFS
Observation #1: 
a)  Based on RAN1 discussion to date, a single layer transmission scheme has been agreed to for both the uplink and downlink.

b) Details of PDSCH, PBCH, UE behavior, power consumptions and configurability are FFS
3.2   Potential Impacts to RAN4

Based on the requirements defined in the work item on “Low cost & enhanced coverage MTC UE for LTE”, the following impacts to the RAN4 core and performance requirements are noted.
3.2.1   Impacts to RAN4 core requirements
· Possible basestation transmitter EVM impacts of PSD and RS boosting on PDSCH/PDCCH/E-PDCCH.
· UE RF receiver requirements will need to be defined for the operation of a single receive antenna. Note that the RX requirements in 36.101 are today specified assuming diversity reception. 
· UE RF receiver requirements need to be considered for a half-duplex implementation. 

· There may be certain considerations due to reducing the downlink transmission to 1.4 MHz or more specifically 6RBs within the channel bandwidth.
· There may be impacts on RRM measurement requirements due to the use of a single receive antenna.
·  Discussion on whether mobility requirements can be relaxed for low cost MTC UE.
· RRM measurement core requirements may possibly also be  impacted by modifications to System Info delivery (potential removal of some mobility-related info, or longer reception delays). 
Observation #2: 
The low cost & enhanced coverage MTC UE for LTE will impact RAN4 core requirements for PDCCH/E-PDCCH, UE receiver requirements, mobility requirements and RRM measurement requirements.
3.2.2   Impacts to RAN4 performance requirements

·  New UE demodulation requirements may be required for UE’s configured with enhanced coverage features for:
· PDSCH reception
· P-BCH reception
· PDCCH/E-PDCCH reception
· Possibly DL ACK/NACK detection (depending on RAN1 agreements)
· New BS demodulation requirements may be required to support UE’s configured with enhanced coverage features for:
· PUSCH reception
· PRACH detection (Relaxed Pmissed detection requirement, possibly including reception of new RACH format).
· PUCCH detection.
· RRM performance requirements, which include RRM measurement accuracies and RRM test cases to verify any modifications to mobility requirements for MTC UEs with low cost and/or enhanced coverage.
It should be noted that due to possible changes to the definition of the above physical layer channels by RAN1, that analysis of the performance impacts on these channels due to the deployment of low cost MTC UEs, should be deferred until finalization of the physical layer channel definitions by RAN1.
Observation #3: 
The low cost & enhanced coverage MTC UE for LTE may impact RAN4 performance requirements for PDSCH, P-BCH, PDCCH/E-PDCCH, PUSCH, PRACH, PUCCH and RRM measurement accuracies. 
 3.2.3   Co-existence Impacts to Legacy Networks
With the deployment of MTC devices as a possible overlay to legacy networks, the cumulative impact of the deployment of a large number of MTC devices may raise the noise floor of the legacy network. As such RAN4 should investigate the potential impact of MTC deployments in legacy networks based on the methodologies defined in TS36.942 [3].
Proposal #1: 
RAN4 should investigate possible impacts of MTC overlays on legacy LTE networks. 
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Discussion of way forward
Based on the fact that RAN1 is still investigating a number of aspects of channel definitions for low cost MTC UE’s and may propose new channel definitions, it is proposed that the RAN4 analysis of core and performance analysis be deferred until RAN1 has completed the definition of the channel definitions. Furthermore it is proposed that RAN4 initially prioritize the analysis of the impact of a single-receiver UE as well as the impacts of a half-duplex implementation. Additional details on the analysis of these two capabilities are discussed in [4] and [5].
Proposal #2: 
RAN4 should initially prioritize the investigation RF requirements for  
· Single receiver MTC UE implementations.

· Half-duplex MTC UE implementations 
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Conclusions
Observation #1: 
a)  Based on RAN1 impacts to date, a single layer transmission scheme has been agreed to for both the uplink and downlink.

b) Details of PDSCH, PBCH, UE behavior, power consumptions and configurability are FFS
Observation #2: 
The low cost & enhanced coverage MTC UE for LTE will impact RAN4 core requirements for PDCCH/E-PDCCH, UE receiver requirements and RRM measurement requirements.
Observation #3: 
The low cost & enhanced coverage MTC UE for LTE may impact RAN4 performance requirements for PDSCH, P-BCH, PDCCH/E-PDCCH, PUSCH, PRACH, PUCCH and RRM measurement accuracies. 
Proposal #1: 
RAN4 should investigate possible impacts of MTC overlays on legacy LTE networks. 
Proposal #2: 
RAN4 should initially prioritize the investigation of RF requirements for
· Single receiver MTC UE implementations.

· Half-duplex MTC UE implementations 
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