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1. Introduction
There was some discussion on transmission mode restriction for low-cost MTC UEs for further cost saving, e.g. only TM1 and TM2 are supported. In the last RAN1#68bis meeting, it was agreed to introduce a new subsection in the TR for the technique “Reduction of supported downlink transmission modes”. Based on our contribution [1] [2], we give our further analysis on this technique in this contribution.
2. Discussion
The reference UE is a category 1 LTE UE which does not support spatial multiplexing. Single receive RF chain was agreed to be a candidate technique for low-cost MTC UEs. UEs with single receive RF chain cannot support spatial multiplexing either. However, transmit diversity and rank-1 precoding are supported by both category-1 UEs and single receive RF chain UEs. Moreover, it should be noted that not supporting spatial multiplexing is not an obstacle to support any transmission mode [3].
1.1. Cost analysis
For low-cost MTC LTE UEs, restricting the supported downlink transmission modes to TM1 and TM2, i.e., rank-1 precoding is not supported, may bring some simplification on complexity especially for channel estimation. However, the cost saving is considered to be marginal as this simplification is only related to software complexity, and is an inessential part on hardware design. 
In addition, it has been widely discussed to use ePDCCH for low-cost MTC UEs. There were agreements that DMRS rather than CRS is used for demodulation for ePDCCH. Hence if ePDCCH will be used for low-cost MTC UEs, channel estimation based on DMRS shall be supported. The advantage of channel estimation simplification of not supporting rank-1 precoding is invalid, and the cost saving becomes negligible. 
Observation 1: Marginal cost saving can be achieved by not supporting rank-1 precoding. If ePDCCH is used, the cost saving will become negligible.
1.2. Cell spectral efficiency analysis

Rank-1 precoding can provide better performance over transmit diversity. Thus if rank-1 precoding is not supported, the spectral efficiency will degrade. 

In simulation, TM7 is used for comparison. The system level simulation results based on the assumptions in [4] for TM2 and TM7 with single receive RF chain are shown in Table 1. Comparing TM2 with TM7, 15.4% degradation in cell spectral efficiency and 43% degradation in cell-edge spectral efficiency are observed. 

Table 1: The cell spectral efficiency comparison for TM2 and TM7 with 1Rx

	
	Cell spectral  efficiency (bit/s/Hz/cell)
	Cell-edge spectral efficiency (bit/s/Hz)

	TM7

(1Rx)
	1.680
	0.0565

	TM2

(1Rx)
	1.422
	0.0322

	Performance degradation percentage
	15.4%
	43.0%


Observation 2: Significant spectral efficiency degradation without rank-1 precoding is observed from system-level simulation results.
3. Conclusion

The cost saving achieved by not supporting rank-1 precoding is marginal; in addition, the cost saving will become negligible if ePDCCH is used; furthermore, the spectral efficiency degrades considerably without rank-1 precoding; so we propose rank-1 precoding should be supported by low-cost MTC UEs.

Proposal: Transmission modes supported by low-cost MTC UEs should not be limited to TM1 and TM2. Rank-1 precoding should be supported by low-cost MTC UEs.
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---------------------------------------------------- Start of Text proposal---------------------------------------------------------
6.7 Reduction of supported downlink transmission modes
6.7.1
Description

Rel-11 category 1 UE shall support downlink transmission modes 1-9 for TDD and transmission modes 1-6 and 9 for FDD. Capability fields have been defined to indicate whether the UE supports transmission mode 7 and 8 for FDD. For low-cost MTC UEs, one possible technique for further cost reduction is to restrict the downlink transmission modes which MTC UEs can support.

6.7.2
Analysis/evaluation of performance against requirements 

	Metric
	Impact (Yes/No)

	Coverage relative to normal LTE UEs
	No

	Minimum Data rate
	No

	Power consumption
	Yes

	Impact to non-MTC UE
	No

	eNB Hardware impact
	No

	Impact on specification
	Yes

	Cell spectral efficiency
	Yes


6.7.2.1
Coverage analysis

Since PDSCH is not the limiting channel, reduction of supported downlink transmission modes in general does not make the coverage worse.
6.7.2.2
Power consumption
With the decrease in cell spectral efficiency, the receive time is expected to become longer resulting in the increase of power consumption. 
6.7.2.3
Impact on specification
New UE capability which supports limited downlink transmission modes shall be defined.
6.7.2.4
Cell spectral efficiency

The cell spectral efficiency and cell-edge spectral efficiency degrade considerably if rank-1 precoding is not supported. From system-level simulation, the degradations are observed as in the following table.

	
	Cell spectral  efficiency (bit/s/Hz/cell)
	Cell-edge spectral efficiency (bit/s/Hz)

	TM7

(1Rx)
	1.680
	0.0565

	TM2

(1Rx)
	1.422
	0.0322

	Performance degradation percentage
	15.4%
	43.0%


6.7.3
Analysis/evaluation of cost reduction 

Restricting the supported downlink transmission modes may bring some simplification on complexity especially for channel estimation. But the cost saving is considered to be marginal as this simplification in only related to software complexity, and is an inessential part on hardware design. 

In addition, if ePDCCH will be used for low-cost MTC UEs, channel estimation based on DMRS shall be supported. The advantage of channel estimation simplification of not supporting rank-1 precoding is invalid and the cost saving becomes negligible. 
---------------------------------------------------- End of Text proposal---------------------------------------------------------
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