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1 Introduction

In RAN#60, the “Low Cost & Enhanced Coverage MTC UE” WI was approved [1].  This WI aims at introducing a new low-cost MTC UE and allowing for enhanced coverage for these new MTC UEs and also other MTC UEs.  This contribution discusses the UE category and capability aspects of this WI.
2 UE Category & Capability
For the low cost MTC UE aspect, the objective is as follows:

· 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. Uplink channel bandwidth and bandwidth for uplink and downlink RF remains the same as that of normal LTE UE.

NOTE:
Reduced downlink channel bandwidth for control channels in baseband could also be considered if EPDCCH with CSS is already considered in Rel-12 timeline by other work.
The UE category is defined by the maximum number of TB bits per TTI, the total number of soft channel bits and the maximum number of supported spatial layers.  
Since we do not expect low cost MTC UEs to operate at high throughput, more than 1 spatial multiplexing layer is not required in the uplink and downlink (as is already the case for Cat-1 UEs).  The maximum number of TB bits/TTI and corresponding soft channel bits can be obtained directly from the objective of limiting the TBS to 1000 bits in the downlink and uplink taking into account that only a single spatial layer is used.  Therefore only one UE category is required.  A single UE category would also reduce the amount of conformance testing and signalling required.

Proposal 1: A single UE category is introduced for low cost MTC UE.

Another main objective of this WI is:

· 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
The coverage improvement feature is applicable to the new low cost MTC UE and also to other MTC UEs.  A new UE capability can be defined for UEs supporting this feature.
Proposal 2: A new UE capability for coverage improvement up to 15 dB is defined.

The features in low cost MTC UE, namely in using a single Rx antenna would lead to coverage degradation.  Therefore without coverage enhancement capability, there is a coverage gap between the new low cost MTC UE and that of a Category 1 UE.  If we wish to close this gap, additional coverage enhancement features are required to close this coverage gap.  We have a preference not to introduce another coverage enhancement for low cost MTC UE to close this gap since we already have a capability to extend the coverage for such UEs by up to 15 dB.
Proposal 3: Apart from the coverage enhancement of up to 15 dB capability, no additional coverage enhancement feature is required to close the coverage gap between a low cost MTC UE and a Category 1 UE.
It can be discussed later whether this capability for supporting improved coverage is mandatory or optional for UEs of the new “low cost” category. 
3 Specification Impacts

In this WI, we have 3 types of MTC UE: 

1. Low cost MTC UE without coverage enhancement capability

2. Low cost MTC UE with coverage enhancement capability

3. Non-low cost MTC UE with coverage enhancement capability

We will discuss the requirements for low cost and non-low cost MTC UE with coverage enhancement capability in [3].  The specification impacts in introducing the new low cost MTC UE category without coverage enhancement capability are outlined in [2].  These impacts are reviewed in this section.
3.1 Single Rx Antenna
A single Rx antenna cannot support Rx diversity and therefore only a single RF chain is required.  The following specification impacts are identified:

· RAN4 specifications assume a dual receive RF chain.  Hence a single RF chain would impact the RAN4 specifications on receiver characteristics, performance requirements and reporting of channel state information.  

· The coverage of PDCCH is impacted and RAN1 may need to compensate for this loss e.g. via higher aggregation levels.  This aspect will be covered by the introduction of coverage enhancement capability for MTC UE.  We therefore do not expect to introduce additional measures to improve PDCCH coverage for low cost MTC UEs apart from the coverage enhancement capability.
· If the eNB is aware that a UE has a single RF chain upon reception of PRACH, it can take this into account when selecting the appropriate format (code rate) for Message 2/4 to ensure that the UE can decode it.  As described in our Proposal 3 in previous section, we do not expect this feature is required for low cost MTC UE.
3.2 Reduction of TBS size and DL channel BW
The reduction of peak throughput includes the limitation of maximum UL & DL TBS to 1000 bits and the reduction of downlink bandwidth for data channel to 1.4 MHz.  The specification impacts identified are:
· 36.306: Introduce a new UE category for low cost MTC UE and its characteristics.  
· 36.213: May need to optimise the table entries related to TBS.  This does not seem essential.
4 Conclusion

In this contribution we provide proposals on the UE category and capability for low cost & enhanced coverage MTC UE.  We also reviewed the specification impacts identified during the SI phase.  The following is proposed:
Proposal 1: A single UE category is introduced for low cost MTC UE.

Proposal 2: A new UE capability for coverage improvement up to 15 dB is defined.
Proposal 3: Apart from the coverage enhancement of up to 15 dB capability, no additional coverage enhancement feature is required to close the coverage gap between a low cost MTC UE and a Category 1 UE.
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