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1. Introduction
RAN#53 has started a study item on “Provision of Low-Cost MTC UEs based on LTE” [1] with the objective to investigate and evaluate solutions using, or evolved from, LTE RAN specifications up to and including Rel-10. The purpose is to clearly understand the feasibility of creating a type of terminal that would permit the cost of terminals tailored for the low-end of the MTC market to be competitive with that of GSM/GPRS terminals targeting the same low-end MTC market. The study item description stipulates that the initial phase of the study shall focus on solutions that do not necessarily require changes to the LTE base station hardware.
Numerous contributions were submitted to RAN1#66bis. It was agreed that low-cost MTC devices are low power consumption modules with limited mobility needs – they do not necessarily need to support seamless handover but they may need to have the ability to operate in networks in different countries. Two typical applications for low-cost MTC devices that have been mentioned in the discussions are smart metering and tracking and tracing of parcels. The contributions focussed on the following cost reduction techniques:
· Reduced peak rate

· Half-duplex FDD operation

· Operation in smaller bandwidth than the system bandwidth

· Single receive antenna

· Reduced transmit power

· HARQ simplifications
· Single/few bands

· Power saving features

Our initial views on standards aspects impacting UE costs were outlined in [2] and in this contribution we provide some further views on the suggested techniques and how to restrict them to the intended purposes.
2. Discussion
Cost drivers

The manufacturing cost for the modem parts in an MTC UE is largely depending on the silicon area and the amount of external components. It can be noted that the silicon area might scale with Moore’s Law, while cost of external components might not. As a general comment, it should also be noted that economies of scale is an important factor for driving down the device costs, and that fragmentation of the LTE UE market into too many different types of devices may fragment the design effort so that the MTC LTE UEs cannot benefit from the volumes of normal LTE UEs, and vice versa.
The silicon area required for the RF and analog baseband parts tends to be largely impacted by the number of supported bands and needed antennas. The silicon area of the digital baseband parts can on the other hand be largely impacted by the system bandwidth (FFT size, etc) and also by the instantaneous throughput that needs to be handled (e.g. the turbo decoder size may depend on the maximum transport block size).

The external components include antennas, duplex filters, PAs, etc. The more supported frequency bands, the more complex front-end modules are required. For full-duplex UEs, multi-band support requires multiple duplex filters. Duplex filters can be avoided in the UE by operating in TDD mode or half-duplex FDD mode, which may be sufficient for low-cost MTC UEs requiring low rates only. Also, since the LTE band situation is complicated compared to GSM/WCDMA, the lower volumes for LTE UEs with a particular band combination (at least in an initial stage) may result in expensive duplex filters, which may be another reason to try to eliminate them. Also, removal of a duplex filter reduces the insertion losses, which on the receiver side means a corresponding improvement in receiver sensitivity and on the transmitter side that a lower PA power can be used.

Lower power consumption in general can reduce the costs related to the power supply, e.g. by reducing the PA power consumption or by reducing the ON time for the transmitter and the receiver (DTX/DRX).

Standard impact

This section outlines the standard impact (and some other impacts) for the cost reduction techniques under consideration for MTC UEs.

Reduced peak rate: According to the SID [1] the peak rates for the low-cost MTC UE need to be at least 118.4 kbps in downlink and 59.2 kbps in uplink. Due to the requirement on low cost it seems likely that it will become necessary to define at least one new UE category with a lower peak rate, smaller maximum supported TBS, a smaller required soft buffer size, possibly no need to support MIMO, possibly no need for higher order modulation schemes (e.g. only QPSK) and possibly a smaller number of HARQ processes (e.g. a single HARQ process).
Half-duplex FDD operation: As indicated above, there are several reasons to consider half-duplex operation for MTC UEs. Half-duplex operation is already an inherent property of the TDD mode so here we turn our attention to the FDD mode. According to our understanding a mix of half-duplex FDD UEs and full-duplex FDD UEs in a cell is possible and there should not be any fundamental difference between half-duplex FDD and full-duplex FDD in terms of system capacity. We have so far not identified any significant L1/L2 protocol changes but the situation needs to be reviewed further to verify that this is the case. In our view the eNB scheduler ought to be able to ensure non-simultaneous uplink and downlink activity for a half-duplex FDD UE without any standard changes, although there is likely to be some impact on the eNB scheduler complexity. The half-duplex FDD UE monitors the downlink in all subframes (following any configured DRX cycle) except when explicitly instructed to transmit (data or ACK/NACK) in the uplink. It should be analysed further whether there is a need to specify guard periods at the downlink-to-uplink and uplink-to-downlink switching points in the UE. Furthermore, performance requirements for half-duplex FDD operation may need to be defined in RAN4 as well as core requirements reflecting the changes to the front-end architecture and the fact that transmission and reception do not occur simultaneously.

Operation in smaller bandwidth than the system bandwidth: Currently LTE UEs are required to operate over the full system bandwidth (e.g. 20 MHz). Operating a UE with a bandwidth smaller than the system bandwidth may help reduce the power consumption as well as the manufacturing cost (smaller FFT, etc). This means that reception and transmission over only a part of the total carrier bandwidth would be supported. Applying a smaller bandwidth in downlink but keeping the full bandwidth in uplink has been brought up as an alternative, intermediate solution but it may not provide the same cost reduction potential. It remains to investigate how much smaller the bandwidth needs to be in order to get a substantial cost reduction (e.g. 10 MHz, 5 MHz or even smaller) and what impact this might have on protocol specifications. It may also need to be investigated whether any significant changes to existing network implementations are needed in order to maintain the system performance for legacy UEs (e.g. avoidance of resource fragmentation).

Single receive antenna: Although there is no explicit standard requirement on receive diversity, this has been the baseline assumption in the downlink physical channel design. For low-rate UEs, the main concern will be the downlink control channel coverage. Removed receive diversity may result in 3-4 dB coverage loss in an unloaded system but significantly more in a loaded system. Whether this loss needs to be compensated for and how to achieve this need further investigation. It should be noted that although LTE is better than GSM in many ways, it is not unlikely that LTE is deployed in a higher frequency band than GSM, and removing the receive diversity may then make it more difficult to achieve the same coverage as GSM. Furthermore, the SID [1] specifies that the spectrum efficiency should ideally be comparable with that of LTE, and it is difficult to see how this can be achieved without receive diversity.
Reduced transmit power: Reducing the maximum transmit power of the UE will result in correspondingly worse uplink coverage and/or uplink capacity. For low-rate UEs, the main concern will be the uplink control channel coverage. Whether this loss needs to be compensated for and how to achieve this need further investigation. Again, it should be noted that reducing the transmit power may make it more difficult to achieve the same coverage as GSM.
HARQ simplifications: Since only low rates need to be supported by the low-cost MTC UEs, some simplifications to the HARQ mechanism may be considered, for example reductions in the number of HARQ processes (as already mentioned above) and maximum number of HARQ transmissions. Relaxations of the HARQ timing requirements could also be considered but it should be understood that such modifications might have a significant impact on network implementations. It has also been suggested to consider removing the HARQ functionality altogether for low-cost MTC UEs which would also eliminate the related feedback signaling but this would probably have a severe link performance impact, especially if other forms of (space or frequency) diversity are also degraded for these UEs.
Single/few bands: The number of supported frequency bands can be reduced for cost saving reasons without any standard changes. However, it should be noted that there may be low-cost MTC applications where multi-band support is desired. Also, a device supporting a larger number of bands may have a larger addressable market resulting in a larger potential for economies of scale. This may be especially true for LTE since the spectrum situation is more complicated for LTE compared to GSM. Hence the primary low-cost MTC LTE UE solution should probably not rely on an assumption that only a single or very few frequency bands need to be supported by the UE. As mentioned above, one way to reduce the cost for supporting additional bands is to try to eliminate the duplex filters by enabling half-duplex operation.
Power saving features: It should be investigated whether any DRX enhancements such as extended DRX cycles or other energy saving measures such as RRC signaling optimizations are required in order to fulfill the goal that the power consumption should be no worse than for GSM/GRPS MTC UEs [1]. Such techniques may also be of a more general interest for delay tolerant services, i.e., not only for low-cost MTC UEs.

3. Restriction of techniques

The SID [1] calls for evalution of methods to guarantee that any cost reduction techniques associated with system performance degradations are restricted to devices that only operate as MTC devices not requiring high data rates or low latency.
Rate policing: One way to avoid that lower-performing UEs become a new de-facto baseline LTE device for other purposes than the intended ones could be to use rate policing. Today, rate policing can for example be used to limit the rate to 64 kbps once the user has reached his monthly 1 gigabyte of data. Similarly, for the new low-cost UE category an operator might choose to set the threshold to 1 megabyte per month and the allowed throughput beyond that to 0 kbps. Then, a low-cost UE could be used as a power meter but not e.g. as a streaming MP3 player or speech phone. This approach uses existing functionality and does not require any further standardization. Operators are free to decide what the low-cost UEs may be used for since it is not mandated in the standard. One possible drawback is that users may become unhappy if they e.g. buy a low-cost MP3 player that works in one network but not in another.
Even if rate policing may help to restrict the usage of lower-performing UEs, we feel that it is important to get a full understanding of whether there is a risk that some of the cost reduction techniques that are now being considered will somehow hamper future network feature evolution in any way.
4. Conclusion
In this contribution we have presented our view on standards aspects impacting UE costs. Some of the techniques that provide the largest cost reductions unfortunately come with potentially significant performance drawbacks. The techniques for reducing cost and power consumption that we consider most promising at this point are reduced peak rate and half-duplex FDD operation, and possibly also operation in smaller bandwidth and extended DRX cycles. The risk of LTE UE market fragmentation and its impact on the potential economies of scale should be kept in mind in the analysis of the potential cost reductions. Furthermore it is noted that rate policing can be a powerful tool for restricting the usage of lower-performing UEs to the intended purposes.
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