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Discussion

1. Introduction
In TSG RAN#53, a study item on provision of low-cost MTC LTE UEs was agreed, with the main objective of investigating the possibility of designing terminals with comparable cost to those of the current MTC terminals that are typically GSM-based in order to allow network migration to LTE-only networks.

Most of the costs associated with an LTE terminal are coming from sources outside the scope of 3GPP. The most important one being economies of scale where large volumes decreases the cost per unit. Making special LTE terminals for MTC could be seen as problem for reaching economies of scale, but given that the potential number of MTC devices in the future could be even larger than the number of “traditional” terminals, it should be possible to achieve economies of scale for MTC-specific implementations. Once economies of scale have been achieved, the unit cost is typically linked to the HW-cost which is typically proportional to the HW complexity. Reducing the required HW will therefore still be important. 
In this contribution we discuss different methods of simplifying the LTE terminal which will require changes to the specifications.
2. Possible candidates for cost reduction
2.1. Data rate reduction

For the UE complexity, the DL data rate is the main contributing factor since the UL processing is much simpler than the DL processing. The current UE category 1 has a maximum DL data rate of 10 Mbit/s. Reducing this can potentially save cost and one possible threshold here is the maximum turbo code block size of 6144 bits. Setting the maximum transport block size to lower than this would mean that the receiver can be designed for processing a single transport block at a time reducing the need for parallel processing. The memory sizes required for data processing in the UE receiver are pretty much proportional to the data rate supported so further reduction in the maximum TBS would also save cost.
Setting the maximum supported data rate for a new “MTC-category” requires an understanding of the MTC applications foreseen. The study item objective mentions GPRS/EDGE data rates a target. That could be a starting point, but there could be applications that would benefit from higher data rates. One example is video streaming, e.g. for surveillance purposes, where a data rate of 2 Mbit/s would be required. 

2.2. Changes to the UE processing times
Another way of reducing the processing requirements in the UE can be to allow the UE longer time to process the data or for calculating the feedback for aperiodic CSI reporting modes. 

The UE processing capacity for each individual receiver function is designed for processing a maximum size transport block every TTI. By allowing the UE longer time for processing for each transport block one could reduce the processing requirements, but then the current timing requirements for transmitting ACK/NACK could potentially limit the savings. However, the saving is not straight forward since the UE cannot be scheduled in every TTI in this case, meaning that in order to achieve the same data rate one needs to process a equally larger transport block for this case compared to the case where a transport block is transmitted every TTI. Hence, it is not clear that decreasing the processing requirements by allowing longer processing times gives significant savings and this requires further study.
The currently standardized feedback schemes require significant amount of UE processing especially for the triggered aperiodic modes where the possibility of pre-processing the measurements is less. Allowing longer processing times would reduce the UE complexity, but at the same time it would be worth looking into the necessity for an MTC terminal to support all the standardized reporting modes and then in particular the modes requiring the highest UE processing capability.
2.3. Single RX

Having to support two receive antennas represents a significant cost to the UE and allowing single receiver would probably represent the biggest cost saving potential in this study. Given the assumption that the new category will not support spatial multiplexing, there is no hard requirement for the UE to have two receive antennas and hence no physical layer changes are needed to support this. To be emphasized is that the feature of single Rx does not exclude the possibility to support Tx diversity and rank-1 precoding, and the feature of single Rx itself is not an obstacle to support any transmission mode. Assume that PBCH is still to be detected by low cost MTC UEs, the decoding capability of Tx diversity is anyway needed. Rank-1 precoding can be seen a potential way to satisfy the coverage requirement for both data and control transmission, then should be kept. Moreover, since dual-RX is assumed in the RAN4 performance requirements, it is natural that this discussion is initially left for RAN4.
2.4. RX/TX maximum bandwidth reduction

The current requirement that all UEs must support the maximum bandwidth of 20 MHZ also represents a cost disadvantage for the LTE UE since the wider the bandwidth, the more complex baseband and RFs is needed. Particularly the AD- and DA-converters are the critical components in that respect. It should be studied the exact bandwidth to be supported by low cost MTC UEs and whether same bandwidth should be applied to all low cost MTC UEs.
The two alternatives possible for introducing narrow bandwidth are discussed in the following. 

1. Allowing narrow band UEs with no specification changes. This would require the network operator to configure a narrow band carrier to be used for MTC purposes. As we see it, this goes against the whole intention of the study item and hence is not a feasible solution. An alternative proposed is to configure an SCell with a narrow bandwidth for MTC UEs and use CA for legacy UEs in order for these to still utilize the full bandwidth. The problem with this proposal is that CA will not be supported by all UEs and for the CA band combinations currently being specified, support CA with the real narrow bandwidths is not included. 
2. Make specification changes allowing narrow band UEs. Currently, the wideband PDCCH prevents any operation of UEs in a narrower band than the system bandwidth. However, with the advent of a FDM based E-PDCCH in Rel-11, the problem associated with scheduling UEs that are only able to receive parts of the full system band should be solvable. With this in mind, it is worth studying the additional issues associated with narrowband UEs in a wider system bandwidth such as using PDCCH or E-PDCCH for the control signalling of RACH, paging and SI; and how to configure and avoid impacts on legacy UEs.  
3. Conclusions
In this contribution we discussed following possible schemes that should be investigated further:
1. Data rate reduction

2. Changes to UE processing times

3. Single RX (To be discussed in RAN4)

4. RX/TX maximum bandwidth reduction where a UE is allowed to support a smaller maximum bandwidth than  MHz
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