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1
Introduction

The new R11 SI “Provision of low-cost MTC UE’s based on LTE” [1] aims to investigate the feasibility of MTC type of terminals and solutions that would permit the use of LTE radio access to become competitive with that of GSM/(E)GPRS terminals addressing the MTC use case. Such solutions should,

· Support data rates equivalent to that supported by [R’99 E-GPRS] with a EGPRS multi-slot class [2] device [2 DL timeslots (118.4 Kbps), 1 UL timeslots (59.2 Kbps), and a maximum of 3 active timeslots]. This does not preclude the support of higher data rates provided the cost targets are not compromised. 

· Enable significantly improved spectrum efficiency for low data rate MTC traffic compared to that achieved for R99 GSM/EGPRS terminals in GSM/EGPRS networks today, and ideally comparable with that of LTE. Optimisations for low-cost MTC UEs should minimise impact on the spectrum efficiency achievable for other terminals in LTE Release 8-10 networks.

· Ensure that service coverage is not worse than GSM/GPRS, at least comparable and preferably improved beyond what is possible for providing MTC services over GPRS/GSM today (assuming deployment in the same spectrum bands). The same defined LTE cell coverage footprint as engineered for “normal LTE UEs” should apply for low-cost MTC UEs.

· Ensure that overall power consumption is no worse than existing GSM/GPRS based MTC devices.

· Ensure good radio frequency coexistence with legacy (Release 8-10) LTE radio interface and networks.

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

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

Furthermore, it is assumed that LTE MTC devices will have to support mobility and roaming [1].

In this contribution, we first discuss several design requirements that we think are essential to support the MTC use case based on LTE radio access.

After that, we present our views on individual techniques that would allow for a promising amount of cost-reduction for low-cost LTE MTC devices, their associated impact in terms of system operation and performance, and recommended next steps for the SI.

2
Design assumptions and requirements

Ensuring inter-operability and RF coexistence of a future low-cost MTC device class with legacy and high-performance LTE UE’s is a key design requirement that is of critical importance.

While several possibilities exist to reduce the cost for low-end low data-rate MTC terminals such as eliminating the DL Rx Div branch, we think it is important to firmly base any future MTC work on the premise that such devices, where applicable, will need to comply with existing R8 LTE transceiver RF requirements.

On the Tx side, applicable requirements include EVM (as a function of modulation type), Tx power tolerances, and the existing OOB/ACLR and spurious emission limits.

Similarly, on the Rx side, low-cost MTC devices should continue to comply with applicable requirements such as Tx signal leakage (if operating in full-duplex FDD), Rx selectivity, blocking and spurious reponse, as well as IMD and DR requirements.

Such an approach will impose some limits with respect to the degrees of freedom for example how to dimension and operate the power amplifiers for future low-cost MTC devices. We think however that the risk associated with revisiting these carefully evaluated and well-established RAN4 requirements by far outweights the potential benefits. Moreover, it is extremely desirable that existing eNB and site implementations are not impacted on the HW and the RF front-end side when support for MTC devices is introduced.

Proposal 1

Low-cost MTC devices based on LTE are expected to operate within constraints as given by applicable R8 LTE Tx and Rx side RF requirements, i.e. no relaxation of core RAN4 LTE RF requirements can be assumed.

Another underlying design premise affecting the viability of future low-cost MTC devices based on LTE radio access is ubiquity.

The performance of low-cost MTC devices should not be evaluated under the assumption that these devices will only be deployed and operated in small cell or urban environments where the maximum UL Tx power is typically not reached by a large percentage of UE’s. On the contrary, we would typically expect that similar to GSM/(E)GPRS, LTE radio based MTC devices will be employed in cellular networks both in modestly sized urban Macro cells as well as in relatively large size suburban or rural Macro cells.

Therefore, performance in terms of spectal efficiency and coverage for a future MTC device class should ideally be evaluated both for small urban (ex: 3GPP Case 1) and large urban / suburban (ex: 3GPP Case 3) Macro cells.

Also, we think it is important not to assume the presence of Relays or MTC aggregators in the Uu to assist or help to improve the coverage of low-cost MTC devices during the performance evaluation. Any of these assumptions would imply limitations to the MTC use case, and moreover result in LTE architecture changes. These would likely also imply design deltas at least on the networks-side in the protocol stack both in AS and NAS.

Proposal 2

Coverage and spectral efficiency achievable by low-cost MTC devices based on LTE should be evaluated both in small urban Macro and large urban / suburban Macro cell environments.

3
Cost reduction and standardization impact

In our view, eliminating the 2nd Rx Div branch in the DL and support for reduced channel bandwidth offer the most potential in terms of reducing the cost for MTC devices based on LTE radio access.

While we think that support for half-duplex FDD operation is in principle an option to pursue, its real-life potential to offer reduced RF cost will depend on the supported operating bands and several other factors.

In the following, we will briefly discuss each of these, and also address several related aspects falling into the category of reducing A/D power consumption and BB front-end processing.

3.1 Single antenna reception for low-cost MTC devices

The analog RF front-end includes the physical antennas, Tx and Rx side amplifier (chains), band and channel filtering components, various matching components, mixers, and the duplex filter(s). Many components need to be duplicated, either because components are band-specific, or because the device supports multiple Rx (since R8) and/or Tx (since R10) paths, and because the LTE device supports multiple operating bands.

Traditionally, the analog RF front-end has represented a small but relatively constant fraction of the overall BOM in the case of high-end / high-performance multi-mode 2G/3G devices. High-value device components such as the display, application procssor core(s), other wireless chips, will typically constitute the major contributing factor here.

Given that for most MTC modems many of the above functions becomes unnecessary, these can be eliminated. A second major source of cost reduction that is equally out-of-scope in terms of 3GPP standardization work is which bands any given specific MTC device implementation will need to support.

While high-end 2G/3G/4G multimode handsets would typically be expected to support up to 7 bands in the particular example of Europe, i.e GSM/(E)GPRS 850/900/1800/1900 MHz + 3G WCDMA/HSPA+ 850/900/1900/2100 MHZ + LTE 800/1800/2600, specific application targeted MTC device modems will clearly not need to support all of these.

When taking into account all these factors, for LTE radios the major remaining contributor resulting in a barrier to further reduce device cost is the analog RF front-end through the DL demodulation requirements. These de-facto mandate dual Rx paths in current LTE UE modem design.

We deem that investigating single Rx antenna operation for low-cost MTC devices offers great potential both in terms of cost reduction through lower component count and reduced Rx power consumption for future low-end low data-rate applications.

However, when detecting PSS/SSS in the initial cell search process and decoding PDCCH and PHICH which rely on CRS based channel estimation, a nominal link budget penalty of >3dB will be incurred. Similarly, REFSENS for the DL PDSCH MCS’s will nominally be degraded by at least 3dB (as a function of R8-R10 transmission mode in use), but the flexibility inherent into operation of PDSCH and HARQ may offer more easily means than in the case of the DL Control Channels to reduce the link budget penalty at the cost of somewhat reducecd system spectral efficiency.

Accordingly, we recommend to focus performance evaluations for low-cost MTC devices onto techniques to improve DL Synchronisation Channel, Control Channel and PDSCH reception in order to allow MTC devices using a single Rx path to operate against DL coverage as close as possible compared to R8 LTE UE’s based on R8 demodulation requirements.

Proposal 3:

Focus performance evaluations for low-cost MTC devices onto techniques that allow implementation of a single antenna Rx path while aiming to maintain DL coverage that is comparable to R8 LTE UE’s.

3.2 Support for reduced bandwidth

Support for up to 20 MHz operating bandwidth for LTE devices does not represent a major factor in terms of the analog RF front-end design.

However, supporting smaller LTE operating bandwidths than the maximum required in the operating band is a factor to reduce power consumption due to A/D and in digital BB front-end processing. Support for only a reduced operqating bandwidth results in a corresponding reduction in digital Rx front-end processing by scaling down the FFT, the equalizer dimensioning, and reduces the amount of pre-processing buffering upon signal demodulation.

In addition, support for reduced bandwidth inevitably results in scaled down processing load and dimensioning of channel decoding and HARQ/soft-buffering, because the number of TB bits/TTI is reduced in consequence of the much reduced instantaneous data rates.

We think that supporting only a reduced operating bandwidth, i.e. less than the maximum operating bandwidth in the LTE band offers very significant potential for low-cost MTC devices to reduce Rx power consumption and to allow for low-op’s count BB implementations in the digital front-end (FFT, equalizer) and channel decoding (Turbo).

It may be worthwile to consider to reduce the supported modulation types to DL QPSK and 16QAM (and UL QPSK only) A/D in conjunction with the support for reduced operating bandwidth. Both determine A/D in terms of required bit resolution and incurred power drain, and both result in scaling down of most parts of digital front-end and core BB processing.

Support for reduced operating bandwidth for low-cost MTC devices may potentially result in a rethinking of the LTE air interface design.

An MTC device supporting only 5 MHz can acquire a 20 MHz cell as far as PSS/SSS/PBCH(MIB) and AFC is concerned. Similarly, PDSCH transmission to MTC devices can easily be supported in FDM with legacy LTE devices supporting full bandwidth in the Data Region of subframes under full control of the eNB scheduler. However, given that PDCCH demodulation for MTC devices would require full processing of the 20 MHz channel bandwidth, the analog RF front-end, A/D and digital front-end processing (FFT) would still need to be dimensioned for 20 MHz reception in the beginning of the LTE subframes which defeats the benefits of processing the PDSCH in a 5 MHz maximum bandwidth around the f_c of the carrier. Therefore, it appears almost inevitable to identify techniques as part of the SI that allow low-cost MTC devices to receive the DL control channels (and DCI’s) against smaller bandwidth (e.g., 5 MHz) only.

In order to minimize the potential impact from low-cost MTC supporting reduced bandwidth into LTE, one possibility is to consider the well-proven (E)GPRS protocol design for LTE based low-cost MTC devices.

In (E)GPRS, multiple handsets monitor a given DL radio block (4 bursts mapped into 4 consecutive GSM frames). DL transmissions are dynamically scheduled on a per radio-block basis by including the DL assignments, i.e. a TFI, as part of the (E)GPRS RLC/MAC protocol header of the PDU. Similarly, UL transmission opportunities (“UL grants”) for the corresponding associated UL radio blocks can be dynamically scheduled by the eNB to one out of multiple EGPRS handsets independently from the receiver of the DL radio block through the USF. Incorporating DL assignments and/or UL grants for a TTI into the actual PDSCH transmissions monitored by several MTC devices on semi-statically allocated resources in the Data Region of the subframe could at least offer the possibility to get around a major re-design of the PDCCH.

It would altogether avoid the problem of inter-operability between legacy LTE and MTC handsets operating on the same carrier and allow for full access to independent DL/UL scheduling on a per-TTI basis under full eNB control.

Proposal 4:

Support low-cost MTC devices operating at reduced channel bandwidth, i.e. less than the maximum nominal LTE channel bandwidth for the operating band.

3.3 Half-Duplex FDD

While most (if not all) available GSM/(E)GPRS chipsets operate in a HD-FDD arrangement, both 3G WCDMA/HSPA and 4G LTE FDD require full duplex FDD operation (at fixed duplex distance).

In the UE, support for half-duplex FDD is nominally possible since LTE R8 as far as the 3GPP core specifications are concerned. Support for DL Rx to UL Tx switching is provided through skipping the last OFDM symbol on the PDSCH.

While a HD FDD handset would not need the operating band Tx-Rx duplexer(s), design of the analog RF front-end paths will not be able to re-use an existing full-duplex Tx or Rx FDD path “as is”. Depending on the UMTS operating band, additional Rx filters and isolators will become necessary to avoid Rx desensitation (amongst others). On the other hand, the UL Tx side design for HD FDD devices may offer some potential for easier filter implementation. The insertion loss from the duplexer is avoided in HD FDD, but at least partially offset by insertions losses from additional filters in the Rx path. Moreover, only a handset that exclusively supports HD FDD makes sense, i.e. there is not purpose in simultaneously supporting (and re-designing) Tx or Rx paths for HD and full-duplex FDD operation on the same band.

On a per TTI basis, the power consumption of a HD and full-duplex FDD receivers are comparable. Some differences may exist over prolonged periods of time, mainly as a function of the activity cycles observed during periods of intense DL and UL data scheduling.

In summary, HD-FDD operation is possible and at least nominally supported in the core specifications.

However, we see limited potential for further reduced Tx or Rx side power consumption when using HD FDD as a technique for low-cost MTC devices, because these numbers mainly depend on the activity cycles for DL data reception and UL data transmission. For low data rates, and very intermittent Rx or Tx operation, full-duplex FDD implementations can in principle achieve comparable power-savings. On the other hand, UL amplifier design and is likely to benefit much from the introduction of HD FDD operation.
We see the biggest uncertainty with respect to HD FDD operation on the amount of work necessary on the RF requirements side.

Proposal 5:

The potential for reduced implementation complexity for low-cost MTC devices using HD FDD should be evaluated in RAN4 first.

4
Conclusion

In this contribution, we have presented several considerations that we deem pertinent for the SI on low-cost MTC based on LTE radio.

We see the approaches to eliminate the 2nd Rx Div branch in the DL and support for reduced channel bandwidth offering most potential in terms of reducing the cost for MTC devices based on LTE radio access.

While we think that support for half-duplex FDD operation is in principle an option to pursue, its real-life potential to offer reduced RF cost will much depend on the supported operating bands and several other factors. We recommend to investigate these aspects in RAN4 first.

We also recommended to endorse the principle that low-cost MTC devices based on LTE are expected to operate within constraints as given by applicable R8 LTE Tx and Rx side RF requirements, i.e. no relaxation of core RAN4 LTE RF requirements can be assumed.
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