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1 Introduction
In 3GPP RAN #53 meeting, the study item for low-cost MTC UEs based on LTE was approved [1]. According to the SID, the study shall evaluate at least the following aspects:

· Benefit of developing methods for reducing RF component cost in the devices, including (for example) simplifications and reductions in support of bands/RATs/RF chains/antenna ports, transmission power, maximum channel bandwidth less than the maximum specified for respective frequency band, and support of half-duplex FDD mode.

· Benefit of developing methods for reducing the processing in the device, additionally considering baseband-RF conversion aspects, significantly lower peak data rate support, no support of spatial processing mode in uplink/downlink, and reduced radio protocol processing.

· A method to guarantee that any features recommended as part of this study to allow cost reduction, but which also bring a reduction in LTE system performance, shall be restricted to devices which only operate as MTC devices not requiring high data rates and/or low latency, after further careful study.

Taking into account the above aspects, this contribution discusses standards aspects having UE cost impact.
2 MTC UEs and Standardization
In Rel-10, RAN2 studied RAN improvements for machine type communications (MTC). In the RAN2 study, the main issue was RAN overload control due to the existence of a large number of MTC devices in the network, and some candidate solutions to control the overload were investigated. The outcome of the SI was captured in TR 37.868 [2]. Subsequently, a Rel-11 work item on RAN overload control for MTC was approved as in [3]. The objective of the work item is to specify Extended Access Barring mechanisms for RAN overload control for both UMTS and LTE. During the Rel-11 RAN1 study for low cost MTC UEs, some aspects from the RAN2 WI could be helpful to proceeding with the RAN1 work.
As described in [2], example use cases of MTC include metering, road security, and consumer electronic and devices. All the communication functionalities defined for legacy LTE UE can be supported by MTC UEs as well. However, in order to reduce the cost of low-end MTC UEs and make it competitive with that of GSM/GPRS UEs, low cost LTE MTC UEs should support a limited set of functionalities compared to normal LTE UEs, and thus reduce the implementation cost while still meeting the performance requirements. Trimming some of the features from a legacy, low category, LTE UE may be a feasible way of accomplishing the cost-reduction goal of these MTC UEs. This may be also applicable to low cost voice-support LTE UEs in future if necessary.
3 Standard aspects with UE cost impact
3.1 Bandwidth
In order to meet the low cost target with low data rate support, a straightforward way is for MTC UEs to support small channel bandwidth, e.g., 1.4 MHz. This can correspondingly reduce complexity and cost of RF/IF filters, FFT/IFFT components, ADC/DAC, other digital processing circuitry, etc. When the MTC UEs with narrow bandwidth transmission/reception capability access a cell with wider system bandwidth, some issues arise. 
First, the MTC UEs cannot understand current PDCCH whose transmission is spread over the whole DL transmission bandwidth. Therefore, normal PDSCHs (including the ones conveying SIB) scheduled via the PDCCHs cannot be decoded by the MTC UEs. The same problem exists for PCFICH and PHICH as well. In the uplink, as the PUCCH transmission by MTC UEs is limited within the narrow bandwidth supportable by the MTC UE, resource fragmentation of PUSCH for normal LTE UEs cannot be avoided to not interfere with PUCCH for MTC UEs.

3.2 Spatial processing
As the peak data rate for low cost MTC UEs is just 118.4 Kbps and 59.2 Kbps for DL and UL, respectively [1], SU-MIMO support would not be needed. This will reduce the RF cost by adopting single Tx and Rx antenna/RF configuration at the MTC UE and also make the baseband processing simpler by not implementing MIMO reception and not reporting spatial feedback. Likewise, no support of UL Tx precoding can lead to a single RF implementation. For uplink coverage extension, PUSCH repetitions and HARQ-ACK repetitions in a PUCCH are already supported. On the other hand, not supporting DL TX diversity may be an issue as MTC UEs will be unable to access cells with 2 Tx or 4 Tx CRS ports. As DL TX diversity does not directly affect UE hardware compared to MIMO and UL Tx diversity, it may be reasonable that it is mandatory for MTC UEs to support DL TxD.
Limiting the spatial processing capabilities of MTC UEs also implies that MTC UEs would support a limited number of transmission modes, e.g., only TM1 and TM2.
3.3 MCS and TB size
With low data rate support by MTC UEs, it is unnecessary for MTC UEs to support PDSCH/PUSCH with high order modulation (16QAM, 64QAM) and large TB size. By not supporting high order modulation, the requirement on ADC resolution can be relaxed and baseband processing for channel estimation and demodulation at the UE can get simpler.
In addition, support of only small TB sizes for MTC UEs will lead to reduced memory requirements for storing soft channel bits which can become even less than for Category 1 LTE UEs (see Annex). In addition, the relevant DCI field, e.g. MCS field, and UE’s CQI feedback, can be reduced accordingly.
The above limitation of MCS and TB size for MTC UEs would not sacrifice the spectral efficiency of the network, considering that MTC UEs do not require high data rate transmission and the resources not used by MTC UEs can be scheduled to legacy LTE UEs.
3.4 HARQ
As the total amount of memory for HARQ support is a function of the number of HARQ processes and maximum number of HARQ transmissions, some restriction on those factors would relax the UE memory requirement. Even more, if HARQ is not supported, then corresponding HARQ-ACK feedback is not required any more, thereby removing the HARQ-ACK feedback overhead. In addition, the overall communication process would be simplified. Without HARQ, however, the performance impact should be investigated carefully. Specifically, taking into account that frequency domain scheduling gain would be limited due to the narrower channel bandwidth for an MTC UE, keeping the target QoS would become more challenging without HARQ.
Due to PDSCH/PUSCH transmissions in only 6 RBs and due to reduced MCS/TBS and HARQ support, the PDCCH size for MTC UEs may be reduced compared to that for legacy UEs.
3.5 Power
Concerning power, two aspects, power consumption and peak transmission power, can be considered. Reducing the peak transmission power can contribute to reducing the cost of Tx RF components, but this incurs shrinkage of uplink coverage. 
Reducing the power consumption is useful in MTC applications like metering where a battery is installed into the device without relying on an external power source. The following standard aspects can be considered to reduce the power consumption of MTC UEs: 
· Reduction of blind decoding attempts, e.g., by limiting the number of candidates per CCE aggregation level.
· Longer DRX cycle depending on the service type.
4 Conclusion
This contribution considered several aspects for supporting low cost MTC UEs. Relaxation of the UE requirements on aspects such as bandwidth, spatial processing, MCS and TB size, HARQ, and power have been considered in order to reduce the cost of MTC UEs. Based on considerations of relaxed capability requirements for low cost MTC UEs, it seems worth considering to introduce a new UE category, say, Category 0, characterized by narrower bandwidth, much smaller TBS support and no support of 16QAM/64QAM compared to legacy LTE UEs.
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Annex: UE category (Rel-8/9/10) (TS 36.306)
Table 4.1-1: Downlink physical layer parameter values set by the field ue-Category
	UE Category
	Maximum number of DL-SCH transport block bits received within a TTI
	Maximum number of bits of a DL-SCH transport block received within a TTI
	Total number of soft channel bits
	Maximum number of supported layers for spatial multiplexing in DL

	Category 1
	10296
	10296
	250368
	1

	Category 2
	51024
	51024
	1237248
	2

	Category 3
	102048
	75376
	1237248
	2

	Category 4
	150752
	75376
	1827072
	2

	Category 5
	299552
	149776
	3667200
	4

	Category 6
	301504
	149776 (4 layers)

75376 (2 layers)
	3654144
	2 or 4

	Category 7
	301504
	149776 (4 layers)

75376 (2 layers)
	3654144
	2 or 4

	Category 8
	2998560
	299856
	35982720
	8


Table 4.1-2: Uplink physical layer parameter values set by the field ue-Category

	UE Category
	Maximum number of UL-SCH transport block bits transmitted within a TTI
	Maximum number of bits of an UL-SCH transport block transmitted within a TTI
	Support for 64QAM in UL

	Category 1
	5160
	5160
	No

	Category 2
	25456
	25456
	No

	Category 3
	51024
	51024
	No

	Category 4
	51024
	51024
	No

	Category 5
	75376
	75376
	Yes

	Category 6
	51024
	51024
	No

	Category 7
	102048
	51024
	No

	Category 8
	1497760
	149776
	Yes


