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1 Introduction
Reduction of supported downlink transmission modes (TM) as one of potential cost saving techniques for low cost MTC UEs had been discussed in the SI phase, and technical summary about DL TM reduction had been incorporated in the section 6.7 of TR 36.888 [1].

In this contribution, on the basis of progress achieved in the SI phase, further considerations on DL TM reduction for low cost MTC UEs are presented, and several observations and proposal are given.
2 Analyses of DL TM reduction
As analyzed in the TR 36.888 [1], since the maximum number of supported layers for spatial multiplexing in downlink is one for low cost MTC UEs, reducing the supportable downlink transmission modes can facilitate to eliminate the redundant transmission schemes supported by different TMs and simplify MTC UE’s implementation complexity. 
In this contribution, the analyses about cost saving, spectral efficiency related to DL TM reduction are based on supposing only TM1 and TM2 supported for low cost MTC UEs.
2.1 Analysis/evaluation of cost reduction
About 2%~10% potential cost reduction with reduced transmission modes may come from removing DMRS based channel estimation if DMRS based precoding is not supported, no PMI computation if PMI feedback is not supported (either CRS or CSI-RS based PMI) and simplified MIMO detection/equalization algorithm [1].
Table 1 below cites the cost saving values from [1]. The calculation of cost saving by different sources depends on implementation. 
Table 1: Cost saving of DL TM reduction

	Source
	Source 1

[2]
	Source 2

[3]
	Source 3

[4]
	Source 4

[5]
	Source 5

[6]

	Overall relative cost savings
	9.7%
	3.6-6.3%
	2%
	3.9-6.3%
	3%


In view of reduction of peak rate and single receive RF chain are supported for MTC UEs (i.e., Cat 0 UEs), the cost saving of combinational cost reduction techniques, cited from our previous contribution [7], is given in Table 2.

Table 2: Overall analysis on combinations (cost savings & spec impact)

	Numbering
	Bandwidth reduction 
	Single RF chain
	Peak rate reduction
	Transmission mode reduction
	Overall cost savings

	C3
	　
	x
	x
	x
	51.7%


	C4
	　
	x
	x
	　
	46.9%


As a result, on top of the cost saving arising from peak rate reduction and a single receive RF chain, up to 4.8% additional total cost saving can be obtained from DL TM reduction.
Observation 1: Up to 4.8% additional cost saving can be obtained from DL TM reduction on top of the cost saving arising from peak rate reduction and single receive RF chain. 

2.2 Cell spectral efficiency
For DL TM reduction, as mentioned in [1], “there may be some downlink performance degradation due to the lack of precoding gain. Although performance degradation is expected due to the reduced downlink transmission modes, the impact of downlink performance degradation may be lessened considering the typical MTC traffic model as described in Annex A”. 
Observation 2: For DL TM reduction, cell spectral efficiency may not be severely deteriorated considering the typical MTC traffic model.

2.3 ePDCCH
As stated in [8], supporting ePDCCH can get some benefits (e.g., increasing control channel capacity, obtaining beam forming gains and making control channel ICIC). In the current specification, normal UEs can optionally support ePDCCH. For ease of network operation and less specification impacts, low cost MTC UEs can support ePDCCH as normal UEs to exploit the benefits of ePDCCH.

Moreover, as concluded in RAN1 #75 meeting [9], for UEs in enhanced coverage mode for MTC, ePDCCH to schedule PDSCH is supported in USS. Additionally, supporting ePDCCH is more important to consider further cost saving reduction from bandwidth reduction for low cost MTC UEs in the future.
Currently, precoding is applied to ePDCCH. As a result, DMRS precoding is also needed to estimate the channel for ePDCCH detection. Considering ePDCCH for MTC UEs, TMs supporting transmission schemes with precoding should be applied to low cost MTC UEs. 
Observation 3: Considering the benefits of supporting ePDCCH for MTC UEs, TMs supporting precoding can be applied to MTC UEs.

To sum up, although moderate (up to 4.8%) cost saving can be obtained from supporting only TM1 and TM2 without severe cell spectral efficiency loss, considering the benefits of DL TMs based on DMRS precoding (e.g., supporting ePDCCH) and recent efforts in RAN1 and RAN2 to make the operation of low cost MTC UEs and other UEs as similar as possible (e.g., mobility, bandwidth, TBS of SIBs, etc), it is not necessary to reduce the TMs supported by Rel-12 LC-MTC UEs.
Proposal 1:  It is not necessary to reduce the TMs supported by Rel-12 LC-MTC UEs.
3 Conclusion
In this contribution, on the basis of progress achieved in the SI phase, further considerations on DL TM reduction for low cost MTC UEs are presented, and following observations and proposal are given.
Observation 1: Up to 4.8% additional cost saving can be obtained from DL TM reduction on top of the cost saving arising from peak rate reduction and single receive RF chain. 

Observation 2: For DL TM reduction, cell spectral efficiency may not be severely deteriorated considering the typical MTC traffic model.

Observation 3: Considering the benefits of supporting ePDCCH for MTC UEs, TMs supporting precoding can be applied to MTC UEs.

Proposal 1:  It is not necessary to reduce the TMs supported by Rel-12 LC-MTC UEs.
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