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1 
Introduction
At RAN#53, the study item on “Provision of low-cost MTC UEs based on LTE” [1] had been agreed as one of the prioritized studies for Rel. 11. The SI focuses on the following issues (copied from [1]):
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.

As part of the analysis of the different solutions, any impacts on backwards compatibility with existing LTE network shall be evaluated and justified, as well as impact on the operation of legacy LTE Release 8-10 UEs and Release 8-10 LTE system performance.

Note1: 
It is assumed that low-cost MTC UEs will have to support mobility and roaming.

Note2: 
This study item is to assess, from a 3GPP standpoint, the technical feasibility of low-cost LTE devices for MTC. Given that factors outside 3GPP responsibility influence the cost of a modem/device, this study item (and the text above) cannot guarantee, or be used as a guarantee, that such modem/device will be low-cost in the market.
The RAN1 chairman suggested focusing the discussions during RAN1#66bis on the initial identification of standards aspects which have significant UE cost impact. 
In this contribution, we provide our view on the areas having significant UE cost impact. Note, that the discussions in this contribution are not including MTC specific radio protocol optimizations that are part of the separate RAN2 lead SI on MTC.
2 
Potential cost-savings areas for MTC 
2.1 Band, RAT and Carrier Aggregation Support

The support of multiple bands increases the UE complexity and cost dramatically. From front-end point of view, there is a need for more band-specific filters as well as wider-band RF frontends. Moreover, multi-band antennas are always less efficient!

On UL side, the power amplifier efficiency has to be sacrificed and the increasing amount of filters increase the losses in the UL TX chain – requiring bigger PAs in order to achieve the same nominal output power (which increases the PA cost). In the DL side, multiple band support directly impacts the UE RX sensitivity besides the cost & complexity. 

From this point of view, a limitation in the number of supported bands for sure can bring down the UE cost. On the other hand, the number of supported bands doesn’t seem to be a specification issue as such, as there is currently no requirement in the specifications that requires multi-band support. Therefore, we don’t see a need for any related specification considerations. The same thing also holds for the support of carrier aggregation, which is not a mandatory feature either and therefore no specification changes are seen as required.
Multi-RAT support is for sure increasing the UE cost & complexity, but it is up to the operator to decide if they need multi-RAT support (e.g. GERAN/LTE combo) in their low-cost MTC UEs. This is clearly a business decision without any related 3GPP RAN specification impacts.
Observation: Multi-band, multi-RAT and carrier aggregation support dramatically increases the UE cost but is not seen as RAN specification related issue.

2.2 Maximum Channel Bandwidth

Already during Rel. 8 there has been a long discussion on having UEs supporting lower maximum system bandwidth than the maximum specified for the respective frequency band – with the result of choosing the simpler & cleaner solution of having a basic 20MHz support for all UE categories.

For sure, the support of a narrower band in UL & DL will enable cost-savings in BB as well as RF but the implications on the specification (work) and network operation should not be neglected here. 

A rather simple, straightforward way of enabling this cost saving would be to define a e.g. 5MHz UE category that only supports the operation on LTE carriers with less or equal to 5MHz system bandwidth, but does not allow operation on LTE carriers wider than 5MHz. But this would require for the operator to have a lower-bandwidth carrier operational in order to serve these low-bandwidth, low-cost LTE UEs. 
A much more complicated approach requiring plenty of specification changes would be, if lower-bandwidth UEs are to operate on wider-band carriers. As discussed in [2], some quickly identifiable issues are e.g. the Rel. 8 DL control channel operation basically utilizing the full channel bandwidth and the equivalent PUCCH transmission happening on the band-edges, beside plenty of other issues that would need to be tackled. Considering the dramatic impact this would have on the LTE overall specification and operation restrictions also for normal, non-MTC UEs, we don’t see this as a compelling alternative.
Proposal: Consider reducing the max. system bandwidth of MTC UEs from the currently supported 20MHz 
2.3 Half-duplex UEs

The basic cost impact from full-duplex FDD UEs is coming from the required (at least single) duplexing filter, separating the UL TX and DL RX in the UE from the same physical antenna.

It is also noted that for some bands some level of filtering is required even for half-duplex UE because those have to protect the operation of other UE’s in adjacent bands. Also for bands where the gap between UL and DL is small the filtering is needed to protect the DL on other UE’s in same band. RAN WG4 has set limits for this interference.

Observation: Half-duplex FDD operation can decrease the UE cost on some bands but is not seen as an important cost-saving area.

2.4 UL TX Power Amplifier
The power amplifier and RF front-end in general is nowadays becoming the dominant cost factor for the UE transmitter. The cost of the UE power amplifier and power amplifiers in general, is mainly dominated by (a) the TX output power and (b) the required linearity. Both of these aspects affect in a similar way the amplifier current/power consumption – lower UL TX power & less linearity result in less power consumption, which also seems to be a potential requirement for some power limited MTC applications.
The required linearity of the power amplifier can be affected by limiting the UL modulation constellation size – e.g. to QPSK for low-cost MTC UEs compared to the 16QAM/64QAM support available for the current LTE UE categories. The restriction to QPSK modulation would only effect on the spectral efficiency (bit/s/Hz) of the MTC UE – but not affect the LTE network operation otherwise. The decreased linearity requirement by doing so would decrease the needed PA back-off and thereby cost (smaller PA and power supply possible, changes to duplexer) and battery drain. The specification impact would be mainly related to UE category definition limiting the UL modulation to QPSK.
Proposal: With respect to UL TX related cost-savings, focus on reducing the UE TX related component cost by limiting the UL modulation to QPSK only to reduce the required UL TX PA linearity

Decreasing the required output power of the PA has a direct effect on PA cost and power consumption. But a lower TX output power also reduces the basic UL coverage (PRACH, PUCCH, PUSCH with lowest MCS). Reducing the max. TX output power for low-cost MTC UEs without any additional measures taken in the specification could lead to increased imbalance between DL and UL link budgets and coverage holes in networks that are already rolled-out, which is to be prevented. That is to say that although the cell edge bit rates will obviously take a hit when the UL TX power is reduced, the absolute UL coverage considering e.g. PUCCH should be preserved as much as possible to minimize the changes to network planning (re-use of existing cell sites etc.) due to MTC support. Therefore a careful gain vs. pain analysis needs to be carried out when considering the reduction of maximum UE tx power (i.e. cost savings vs. coverage loss and standardization impact).
In order to compensate for the lower max. TX output power, the coverage could be kept at the same level by introducing lower effective code-rates of the physical transport channels. This could be done by e.g. increasing the possible bundling, repetitions or even introducing BPSK type of modulation specifically for low-cost UEs.  
Observation: UE TX related component cost could be decreased by reducing the required max. UL TX output power. But this would require specifying means to preserve the LTE UL coverage for baseline system operation of all UL physical channels. 

2.5 Other UL TX specific issues
UL MIMO:

The support of UL multi-antenna operation in the UE is a UE capability and for sure a single TX UE will be much cheaper compared to a multi-antenna UE. Moreover, there are no UL specific spatial processing requirements for single TX UEs. Thus, this is not seen as an issue to be considered in this SI.
Observation: UL MIMO and UL spatial processing not seen as an issue that needs to be considered in this SI if the focus is only on single antenna UL TX already supported in LTE.
Lower UL peak data rates:

Of course, a lower peak data rate will also decrease the required UE BB TX processing – but this is not seen as the most critical issue with respect to UE cost, as the processing complexity & related cost is usually higher at the receiver end of the link meaning from the UE point of view in the DL. But of course, besides the proposal of limiting the UL modulation to QPSK and the max. system bandwidth, the supported max. UL data rate could be restricted compared to Cat.1 UEs.
Proposal: Cost reduction for UL related TX processing possible by lowering the max. supported UL data rates compared to Cat.1 UEs. 

2.6 UE RX chains & DL MIMO processing 
Dual-antenna reception is a mandatory feature for LTE in order to efficiently support advanced MIMO features (i.e. SU-MIMO & MU-MIMO) as well as to improve the spectral efficiency of the overall LTE system. Considering now the specific need to provide low-cost UE implementations for low-data rate applications like MTC, advanced MIMO features boosting the peak data rate & overall system capacity might not be of highest priority here. Therefore, the mandatory support of dual-RX UEs for low-cost MTC UE purposes should be seriously considered to be dropped.

A single-antenna RX low-cost MTC UE would provide dramatic cost-savings in several different dimensions. The most obvious is related to the direct costs of the 2nd antenna, the RF filters as well as the whole RF-frontend/RF-IC. But it is not only the cost of the RF front-end – but also the space it requires (especially the 2nd antenna & RF-filters), which might become a MTC specific issue.
Secondarily, the restriction to a single RX will decrease the baseband processing in the UE – as basically only half the samples will be provided by the ADC (buffering etc.) and UE RX combining will be not needed any longer. 
Proposal: Consider the single-RX assumption as the main focus in DL in order to provide considerable cost-savings for low-cost MTC UEs.

Obviously, the single RX assumption would decrease the receiver sensitivity and could potentially lead to coverage issues compared to the dual-RX Rel.8-10 UEs. For most deployment scenarios, the coverage limitation would happen first from the UL side (having a limited UE transmission power) compared to the DL. Therefore, the restriction to single-RX would of course affect the spectral efficiency but would not necessarily lead to DL coverage holes as such. 
Moreover, the SID refers several times to the case of GSM/EGPRS which is not having any mandatory dual-RX either. But LTE has gain mechanisms like frequency diversity due to wider-band transmission incl. FDPS as well as advanced DL multi-antenna processing (i.e. precoding) that helps the coverage limitation compared to the case GSM/EGPRS MTC devices. 

Observation: Detailed DL coverage studies for single-RX low-cost MTC UEs will be needed and if any dramatic issues are identified, solutions to solve these problems would need to be specified. 

As discussed above, single RX assumption will decrease the required MIMO processing in the UE (rank=1) providing potential savings in terms of decreased BB processing. However, although single RX antenna DL operation should be seriously considered hence precluding spatial multiplexing, we would like to stress here, that baseline support for single-stream CL precoding does not need to be and should not be compromised in order to be able to still profit from close-loop precoding gains (including UE specific RS based operation) especially at the cell edge.
Proposal: Do not compromise the LTE single-stream closed-loop precoding support for low-cost MTC UEs.

2.7 DL peak-data rate requirements

Besides the limitation of having single-RX UEs (which will already decrease the MIMO capabilities and related peak-data rates) and the maximum supported system bandwidth, additionally lowering the peak data requirements compared to Cat.1 UEs would lead to cost benefits in the related baseband processing & memory sizes (for buffering etc.). Although, the share of the costs in LTE UEs for baseband compared to the RF parts is much lower, this additional cost savings alternative should be explored in this SI. Nevertheless, we don’t see a striking argument to limit the supported DL modulation for low-cost MTC UEs in contrast to our related UL proposal.

Proposal: Reduce the costs for DL related RX BB processing by lowering the max. supported DL data rates compared to Cat.1 UEs. 

3 
Summary & Conclusions
In this contribution, we present our view related to specification issues that could provide substantial lower-cost UE implementations for MTC type of applications. 
In short, our proposals in order of importance can be summarized as follows:

· Proposal 1: Consider the single-RX assumption as the main focus in DL in order to provide considerable cost-savings for low-cost MTC UEs.
· Proposal 2: Proposal: Consider reducing the max. system bandwidth of MTC UEs from the currently supported 20MHz
· Proposal 3: Reduce the costs for DL related RX BB processing by lowering the max. supported DL data rates compared to Cat.1 UEs.
· Proposal 4: With respect to UL TX related cost-savings, focus on reducing the UE TX related component cost by limiting the UL modulation to QPSK only to reduce the required UL TX PA linearity
· Proposal 5: Reduce the costs for UL related TX processing by lowering the max. supported UL data rates compared to Cat.1 UEs. 
· Proposal 6: Do not compromise the LTE single-stream closed-loop precoding support for low-cost MTC UEs.
In addition, we would like to highlight our following observations:

· Observation 1: Detailed DL coverage studies for single-RX low-cost MTC UEs will be needed and if any dramatic issues are identified, solutions to solve these problems would need to be specified.
· Observation 2: Multi-band, multi-RAT and carrier aggregation support dramatically increases the UE cost but is not seen as RAN specification related issue.
· Observation 3: Half-duplex FDD operation can decrease the UE cost on some bands but is not seen as an important cost-saving area.
· Observation 4: UE TX related component cost could be decreased by reducing the required max. UL TX output power. But this would require specifying means to preserve the LTE UL coverage for baseline system operation of all UL physical channels!
· Observation 5: UL MIMO and UL spatial processing not seen as an issue that needs to be considered in this SI if the focus is only on single antenna UL TX already supported in LTE.
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