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1. Introduction
The low cost MTC UE is intended to be embedded in a different portfolio of end-user devices where the wireless capability is not the main functionality target. Wireless circuitry of an MTC device is not recommended to exceed a few percentage points of the overall MTC device cost.
In the present document, several approaches to low lost MTE UE are discussed.
2. Approaches to low cost MTC UE
The following approaches could be considered in discussion on low-cost MTC UE.
· Reduce hardware (HW) cost
· Reduce UE power consumption by simplifying the physical channels to be supported by MTC UE and the overall L1 operation   
· Reduce the MAC required processing power, hence the cost of the supporting host processor

From a RAN1 point of view, the first two approaches above are discussed in what follows.
2.1. Hardware cost reduction
The UE architect could entertain the following HW cost optimization targets.

· A: Single Tx antenna configuration

A low-cost MTC UE is suggested to be configured with no Tx diversity. This would simplify the Tx  RF circuitry  design and reduce the HW cost by discounting an entire second RF processing chain. A single TX UE profile has already been specified by Rel-8/9. Nevertheless a Tx diversity less configuration would significantly decrease the device power consumption, which triggers supplementary cost reductions (being critical for battery operated devices).
While some may consider no RF diversity, this should be carefully balanced against the DL link budget decrease (2-3 dB).
· B : Single RF band support
Low-cost MTC UE only supports a single band, since the majority of MTC UEs are not intended to travel; hence the RF coverage could be properly determined. The uni-band UE could trigger a cost reduction of a 1-10 US$/unit per UE (quantity dependant).
· C: Reduced Rx/Tx bandwidth
By operating MTC UE on a single narrow band only, RF-front-end circuits with a narrower bandwidth can be used. However, HW cost reduction could vary from vendor to vendor. And as these circuits for 20MHz bandwidth are already available at a reasonable cost due to mass production, reduced Rx/Tx bandwidth might not be effective in HW cost reduction.
As shown in [1], it is challenging that an MTC UE with a narrower Rx/Tx bandwidth is supported by a NodeB with a wider Tx/RX bandwidth. Therefore, MTC UE with a narrow Rx/TX bandwidth should be served by eNodeB with the same Tx/Rx bandwidth.
· D: Reduced Rx/Tx Modulation order
If the MTC devices are transaction based, then the amount of traffic per transaction is reduced. Hence a lower modulation order could be employed. This drives to a higher acceptable Error Vector Magnitude (EVM) on both RF TX and Rx out stages. In return, the following cost reduction effects could be envisioned:

- Reduced size/quality ADC/DAC circuitry, triggering significant cost reductions.

- Higher phase noise LO, though lower cost
· E : Reduced maximum transmission power
A power amplifier with a lower 1dB-compression point could be used, if a proper network design (coverage) is employed.. A lower RF power reduces the overall cost in a multiple way:
· Lower cost RF PA

· Longer battery life (for battery operated devices)
· Lower AC power adapter (for AC powered devices)

However it is up to the radio network architect to determine the proper trade-off between cell coverage (eNodeB density and UE cost. Nevertheless the problem could be further mitigated by a proper heterogeneous network implementation.
These approaches to HW cost reduction may be already feasible with the current LTE L1 specifications.

2.2. Reduced power consumption

Besides the power reduction impacts mentioned in A and E in the previous sub-section, the following PHY channel simplifications could be envisioned:
(i) Physical channel Simplification
Low-cost MTC UE, even “normal” MTC UE, may not need to support several physical channels/signals.
If spatial multiplexing reception is not supported by MTC UE, the following DCI formats and PUCCH formats are not needed to be recognized by MTC UE.

DCI format 2, 2a, 2b and 2c.

PUCCH format 1b, 2b and 3.

(ii) L1 operation simplification
If spatial multiplexing transmission is not supported by MTC UE, MTC UE doesn’t have to do the following operations (other reductions could be further considered):
· PMI (rank >1) determination and reporting

· Rank determination and reporting

Other simplification could be further considered.
3. Conclusion
In this document, several approaches which could reduce MTC UE hardware cost and power consumptions are discussed. The presented approaches would not add new functions to the LTE L1 specifications and could be left to implementation.
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