3GPP TSG-RAN WG1 Meeting #73
R1-131951
Fukuoka, Japan, 20th – 24th May 2013

Agenda item:
   6.2.4
Source:
Fujitsu

Title:
Conclusions and Recommendations in TR36.888
Document for:
Decision

1. Introduction
The low-cost MTC SID with extended coverage features have been studied quite extensively since October 2011. This contribution tries to conclude this study item. 
2. Discussion
The following text changes of section 10 (TR36.888 v2.0.2) are proposed, following the extended coverage analysis.
Text Proposal to TR 36.888
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10
Conclusion and recommendations

10. 1 Low-Cost MTC

Cost reduction techniques have individually been analyzed in clause 6 and further cumulative reduction has been analyzed, for cost reduction and coverage impact in clause 7 of this TR. 
There are uplink and/or downlink coverage impacts for some of the proposed cost reduction techniques. E.g. Reduction in uplink transmit power significantly impacts uplink coverage performance and single receive RF chain impacts downlink coverage performance. 

Uplink transmit power reduction impacts UL spectral efficiency in comparison to normal LTE operation. Single receive antenna may have impact on DL spectral efficiency depending on the frequency band and antenna performance in comparison to normal LTE operation. Spectral efficiency for both UL and DL is expected to be better for low data rate MTC traffic with either or both of these techniques compared to that achieved for R99 GSM/EGPRS terminals in GSM/EGPRS networks today.
Some bandwidth reduction options have relatively large impact on specification of Radio Interface architecture and protocols; some of these aspects may be covered by the Enhanced DL control channel(s) work item. Reduced uplink transmit power and single receive RF chain may have relatively large impact for specification of radio performance aspect's. 
No eNodeB hardware upgrade is envisaged for any of the studied techniques. Support of cost reduction techniques is also envisaged to reduce power consumption cumulatively. Among the techniques studied, except for half duplex FDD, no other techniques result in degradation to latency for HARQ operation. 

Bill Of Material cost of LTE UE modem would be comparable to EGPRS modem if e.g. downlink bandwidth is reduced to 1.4 MHz, if downlink transmission modes are reduced, half duplex FDD is adopted, peak data rate is reduced with TBS restricted to 1000 bits and Single Rx chain is adopted.

Among the three techniques studied for peak data rate reduction, reduction of maximum transport block sizes for DL and UL (technique 1) has higher cost savings compared to other two techniques. Note that technique 3 (“restricting the maximum modulation order”) is not a recommended technique. 

At least Peak rate reduction with TBS restricted to 1000 bits and bandwidth reduction with transmission bandwidth reduced to 1.4 MHz are recommended as cost reduction techniques for low cost MTC UE. Transmission bandwidths of 3MHz and 5 MHz are not excluded if there is severe degradation in coverage when combined with other techniques e.g. single receive RF, though it is desired to preserve the cost savings. Half duplex FDD is expected to be supported at least as an optional feature for UE category specified for low-cost MTC devices. Since peak uplink transmission power reduction cannot meet the coverage requirements defined in the study item: it is not recommended as a cost saving technique for a low cost MTC device. In addition, coverage reduction should be entirely compensated to ensure same service coverage as LTE for the coverage limiting channel(s) with other techniques as a pre-requisite for adopting single receive RF chain or combinations including them. 

In addition, it is recommended to introduce an MTC-specific UE category and to restrict any MTC-related low-cost adopted technique to this new UE category only, as described in section 8.1.
10.2 Enhanced Coverage MTC

The additional coverage requirements detailed per PHY Channel type were summarized in section 9.2, assuming a 20 dB overall coverage improvement for a reference MTC UE device (category 1 UE and a data rate of 20 kbps).
The related system functionality (section #9.3), targets features covering synchronisation, cell search, power control, random access procedure, channel estimation, measurement reporting and DL/UL data transmission (including DL/UL resource allocation).
A number of techniques implementable on extended coverage MTC devices have been exemplified in section 9.4, as: TTI bundling/HARQ retransmission, repetition, code spreading, RLC segmentation, low rate coding, low modulation order, power/PSD boosting.
Concerning specific characteristics of smart metering MTC devices (low mobility, increased latency in certain modes of operation, low cost etc), it has been agreed that some of the low-cost MTC device requirements could be relaxed. Nevertheless, designing new channels, if actual schemes can’t properly address the enhanced coverage requirements could be also considered in-scope.

Employing small cells (where existent), could provide coverage enhancements without spectral efficiency penalties.

Specifically, the impact upon selected PHY channels and related possible solutions that could be used to counteract enhanced coverage requirements, have been discussed (section 9.5):

· Employing actual PSS/SSS sync signals (section #9.5.1) would not require specifications changes, if non-coherent receive accumulation of PSS/SSS, possible backed by an additional PSD boosting are employed. However a new synchronization sequence may be required for extended coverage, if longer acquisition time or the increased power consumption may not be found acceptable.

·  A number of solutions concerning PBCH (section #9.5.2) have been identified like a combination of PBCH repetition backed by PSD boosting, new PBCH design, low rate coding or code spreading.

· The potential technical solutions aimed to address extended PRACH coverage challenges (section #9.5.3) were highlighted: repetition, new preamble format and/or relaxed requirements. All of these solutions may be backed by PSD boosting. A number of challenges like co-existence with legacy PRACH (for the new preamble case) or extended PRACH access (repetition) have to be further addressed. The spectral efficiency impact could be considerable in repetition case.

· The extended coverage (e)PDCCH (section #9.5.4) could be addressed by repeating ePDCCH across multiple subframes, PSD boosting, compact DCI and/or higher aggregation level. Some specification impact and also potential increased power consumption on the device side impact may be expected.

· Further analysis may be expected in order to clarify if some or possible the overall PUCCH (section #9.5.5) support is required for enhanced coverage MTC.

· Multiple sources have provided simulations regarding the amount of repetitions required to address the operation of PDSCH in enhanced coverage conditions (section #9.5.6). Also RS power boosting, increased RS density and PSD boosting were mentioned as possible solutions. A moderate specification impact may be expected should one or more of these solutions be implemented.

· One or a mix of the following techniques could be employed to address PUSCH extended coverage (section #9.5.7): repetition, increased DMRS density, PSD boosting, frequency hopping (during repetition), shorter length CRC and code spreading.  A moderate impact upon specifications could be expected, excepting increased DMRS density, code spreading and shorter length CRC solutions, which may have a major impact. 

Overall, all solutions addressing PHY channels should include text on any observable diminishing returns for a given technique, indicating a potential better performance/coverage trade-off, even though such a solution may not provide 20 dB extra dB coverage.
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