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1 Introduction
In RAN#53 meeting, a study item on “Provision of Low-Cost MTC UEs based on LTE” was initiated for LTE Rel-11 [1]. The study focused to investigate the feasibility of MTC type terminals targeting low cost and low data rate applications within LTE to ensure competition with GSM/(E)GPRS. The major requirements for low cost MTC LTE UE specified during the study item are summarized as follows:
· The data rates supported by the MTC device shall be equivalent to (R’99 E-GPRS) with EGPRS multi-slot class 2 device (118.4 Kbps in DL) and (59.2 Kbps in UL).

· The MTC devices shall enable significantly improved spectrum efficiency for low data rate MTC traffic compared to that achieved for R99 GSM/EGPRS terminals with minimal co-existence impact on terminals in LTE Release 8-10 networks.

· The coverage foot print shall be comparable to GSM/GPRS and preferably improved beyond what is possible for providing MTC services over GPRS/GSM today. Coverage improvement of 20dB should be targeted for low-cost MTC UEs in comparison to defined LTE cell coverage footprint (for normal LTE UEs).

· The overall power consumption shall not be worse than existing GSM/GPRS based MTC devices.

· Target operation of low-cost MTC UEs and legacy LTE UE on the same carrier

· Re-use the existing LTE/SAE network architecture.

The findings from the study item have been summarized in a technical report [2], where it is concluded that it shall be possible to specify an LTE device for MTC with the a requirements mentioned above. A subsequent work item has been approved in RAN#60 on "Low cost & enhanced coverage MTC UE for LTE" [3] with the objective of specifying a new UE category for MTC operation in all LTE duplex modes and provide a relative LTE coverage improvement of 15dB for FDD. A general overview of the impacts of this WI on RAN4 is provided in [4]. 
This contribution includes an overview of the impact of  the capabilities of the  new MTC UE  type specified in [3]:

· Single receive antenna
· Downlink and uplink maximum TBS of 1000 bits
· Reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband

2 Discussion
2.1 Single receive antenna
The new UE type is limited to one RF processing chain only considering that the same performance as for a legacy UE is not expected and this would reduce the UE cost.  In [5], it is observed that the removal of the second RF processing chain will cause degradation in link performance and system capacity. Even though the coverage of single receive antenna UEs exceeds that of GSM/EGPRS UEs [2], MTC UEs with a single receive RF chain may not achieve the same coverage as legacy dual receive RF chain UEs. Thus, additional solutions are needed to compensate for the degradation of receiver performance. There is on-going work [6] in RAN1 to set the coverage enhancement targets for MTC so as to cater for the performance degradation due to the HW simplifications for MTC UEs.
Observations:
· With a single receive antenna, the UE will not be able to support multi-layer transmission. However, the specifications already cover a UE category that only supports single-layer transmission, namely UE category 1.

· RAN4 needs to study the impact on core and performance requirements for UEs with a single receive chain [7].
· The downlink coverage improvements for a UE with a single receive chain needs to be studied. A low complexity UE with a single receive antenna should support downlink coverage improvements to compensate for its degraded receiver performance.
2.2 Reduced Transport Block (TB) Size
Since the MTC type devices target low data rate applications, limiting the peak data rates is seen as one of the viable methods to bring cost and complexity reductions for MTC UEs. Furthermore, the memory size in the UE required for data processing is dependent on the data rate requirements. For instance, the category 1 UEs support the peak rates of 10 Mbps in DL and 5 Mbps in UL with a maximum transport block size of 10296 bits and the number of soft channel bits equal to 25344. Since the data rate requirements are relaxed for MTC UEs, the maximum TB size can be decreased. Specifically a TB size of 1000 bits has been agreed for an MTC UE. This will lead to reduced memory requirements for storing soft channel bits. Furthermore, the lower peak rate due to the limitation on TB size shall enable support for lower-order modulation schemes leading to a higher acceptable Error Vector Magnitude (EVM) in the RF stages of the receiver.
Observations:

· A new UE category with reduced peak rate (1 Mbps) and reduced maximum TBS (1000 bits) needs to be defined
2.3 Reduced Base-Band Channel Bandwidth
The MTC UE category defined in [3] also features a reduced downlink channel bandwidth of 1.4 MHz for baseband data channels while the maintaining system bandwidth. The downlink control channels can still occupy the complete system bandwidth. In addition, there are no restrictions on the uplink.

The PDSCH allocations for the new UE type are then limited to a maximum of 6 RBs and the UE is not required to receive downlink data transmissions spanning more than 1.4 MHz.  In addition, RAN1 is still discussing whether the allocation of  6 RB’s  in the DL is contiguous or non-contiguous over the system bandwidth [8]. As such RAN4 needs to potentially evaluate the impact of both approaches in this regard.

The limitation on DL RB allocation for data transmissions results in a scaled down processing load and relaxes the constraints on baseband dimensioning in terms of channel estimation, equalisation, FFT/IFFT and buffering requirements. In terms of the impact on the RAN4 specifications, the necessary UE requirements to ensure that the UE is capable of receiving up to 6 RBs anywhere over the system bandwidth needs to be specified. RAN4 needs to assess which of the core and performance requirements will be impacted.
Observations:

· The PDSCH allocations for the MTC UE are limited to a maximum of 6 RBs  anywhere over the system bandwidth.
· RAN4 needs to investigate the impact on UE requirements of limiting the data in the DL to 6RB while keeping the legacy RF system bandwidth.
3  Conclusion
This contribution provided an overview of the capabilities of MTC type UEs and highlighted their implications on RAN4work. The major observations can be summarized as follows:
Single RX chain:

· With a single receive antenna, the UE will not be able to support multi-layer transmission. A single receive antenna MTC UE should in principle be able to support the same transmission modes as UE category 1.

· RAN4 needs to study the impact on core and performance requirements for UEs with a single receive chain [7].
· The downlink coverage improvements for a UE with a single receive chain needs to be studied.  A low complexity UE with a single receive antenna should support downlink coverage improvements to compensate for its degraded receiver performance.
Reduced TB size:
· A new UE category with reduced peak rate (1 Mbps) and reduced maximum TBS (1000 bits) needs to be defined 
Reduced Base-Band channel bandwidth:

· The PDSCH allocations for the MTC UE are limited to a maximum of 6 RBs anywhere over the system bandwidth.
· RAN4 needs to investigate the impact on UE requirements of limiting the data in the DL to 6RB while keeping the legacy RF system bandwidth .
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