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Discussion/Decision
1 Introduction

TR 36.888 [1] details five concepts that may provide significant cost savings for low-cost MTC UEs based on LTE. It was agreed at RAN1#68bis that analysis of a sixth concept concerning downlink transmission modes (TMs) should be added to the study item report. This document provides an analysis of downlink TMs that should be supported for low-cost MTC UEs based on LTE.
This document observes that current investigations have shown that an MTC UE’s coverage would be limited by either PUCCH or the downlink control channels. Based on this observation, application of advanced TMs to PDSCH serves to increase the PDSCH capacity rather than the PDSCH coverage. The document then considers that the signalling associated with these TMs is problematic for typical MTC traffic. Hence the document proposes that only TM1 and TM2 are required for MTC devices: these TMs can be applied to both downlink control channels and PDSCH.

2 Discussion and recommendation
In TR 36.888 each cost reduction concept is evaluated for its impact on the following aspects of system operation:
· Coverage

· Minimum data rate

· Power consumption

· Impact to non-MTC UE

· eNB hardware impact

· Impact on specification

· Cell spectral efficiency

This document considers the impact on coverage of restricting the TMs that could be used on the downlink for a given low-cost MTC UE. The reason that we focus just on the coverage is that in the existing agreed analyses of the other five cost reduction concepts it is this impact that is of particular interest. It is recognised that consideration of the coverage impact for each of the other five concepts will provide information on which TMs are relevant and indeed required for low-cost MTC operation.

Table 1 provides a summary of the impact upon coverage of each of the other five cost reduction concepts considered in the study item report [1].
Table 1: Summary of the coverage impacts due to each of the original five cost reduction concepts.
	Concepts area
	Coverage impact

	Reduction of maximum bandwidth
	Some degradation due to loss of frequency diversity. This will impact both the downlink and the uplink. Coverage will remain uplink limited. [2]

	Single receive RF chain
	Observations [3]:

· Impacts downlink coverage
· Downlink limitation would depend on network configuration

· Many networks are uplink limited. Loss of downlink coverage may not lead to an overall loss of coverage.
· FDD systems could be: PDCCH or uplink limited.
· TDD systems could be: PDCCH limited.

	Reduction of peak rate
	Reducing the peak rate in general does not make the coverage worse. [4]

	Reduction of transmit power
	Significant uplink limitation. [5]

	Half duplex operation
	No loss of coverage. [6]


It is observed from Table 1 that an MTC UE employing the other concepts for cost saving can experience coverage limitations on the following channels:

· PUCCH/PUSCH

· PDCCH
The coverage of PDSCH coded with lower data capacity MCS formats has not been shown to be a limiting factor in the studies performed to date. The coverage when using higher data capacity MCS formats on PDSCH, however, could be limited by some of the MTC cost reduction techniques that have been proposed.
TM1 and TM2 can be applied to both the control channels and PDSCH. However, other TMs can only be applied to PDSCH and cannot be applied to PDCCH. Since downlink coverage is limited by PDCCH, the region over which UEs can be served by PDSCH is also effectively limited by PDCCH. Application of TM6 or TM7 to PDSCH will not extend PDSCH coverage if the PDSCH cannot be allocated by the PDCCH in the first place. Hence, it is concluded that downlink coverage is affected by the restriction to the use of TM1 and TM2 for PDCCH. The only effect of other TMs such as TM6 and TM7 is to increase the capacity of the PDSCH (by allowing higher MCS formats to be applied to the PDSCH within the cell range that is defined by the PDCCH).

When considering the use of higher TMs (for example TM6 and TM7), it is unclear that the use of these higher TMs leads to any significant improvement in overall capacity for MTC devices for the following reasons:

· Many MTC applications transmit small amounts of bursty data. The downlink and uplink signalling packets associated with this application data are also small.
· For small packets, increasing the MCS applied to the PDSCH may not increase the cell spectral efficiency when the system is limited by the PDCCH capacity in the cell (i.e. when small amounts of data have to be transmitted to many UEs, there may be insufficient PDCCH resource to allocate all the PDSCH resource when higher data capacity MCS formats are used).
· For extremely bursty data, it may not be desirable to set up the feedback reporting channels that are required to support some of the LTE TMs (due to the overhead associated with these channels compared to the amount of data that needs to be transmitted on PDSCH).
The consequences for downlink TM selection from these observations are:

· TM2 should be supported to enable the use of transmit diversity thus maximizing coverage for PDCCH.

· TMs in addition to TM1 and TM2 only improve PDSCH coverage (overall coverage is limited by the coverage of the downlink control channels) and are unnecessary or even counter-productive for typical MTC traffic.
3 Conclusion
It is recommended that low-cost MTC UEs are required to support TM1 and TM2. Support of other TMs is optional.
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