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1 Introduction

During RAN1 session #68bis, the technique “Reduction of supported downlink transmission modes” is agreed to be introduced as a new subsection into TR 36.888. In this contribution,  evaluation/analysis of downlink transmission modes reduction are proposed especially including “Coverage analysis”, “power consumption”, “Impact on specification”, “Cell spectral efficiency analysis” and “Analysis/evaluation of cost reduction”.
2 Description of supported DL transmission modes reduction
As agreed in [2], 
Category-1 LTE UE is assumed for a reference LTE modem. The maximum number of supported layers is one for Category-1 LTE UEs. Among the Transmission Modes (TMs) for LTE as shown in Table 1, TM3, TM4, TM8 and TM9 may not be useful for Category-1 LTE UEs.
Table 1: Transmission Modes for LTE

	Transmission  Mode (TM)
	Description

	TM 1
	Single antenna port

	TM 2
	Transmit diversity

	TM 3
	Open-loop spatial multiplexing

	TM 4
	Closed-loop spatial multiplexing

	TM 5
	Multi-user MIMO

	TM 6
	Closed-loop rank-1 precoding

	TM 7
	Single layer BF Port 5

	TM 8
	Dual layer BF

	TM 9
	Up to eight layer transmission


“No support of spatial processing mode” shall be evaluated for low cost MTC UEs as required in [1]. Compared with Category-1 LTE UE, reduction of downlink transmission modes may bring additional cost saving. Three options for reduction of downlink transmission modes are shown as below:
Option 1: Low cost MTC UEs only support TM1 and TM2.
Option 2: Low cost MTC UEs support TM1, TM2 and TM7.

Option 3: Low cost MTC UEs support all Transmission modes that UE category 1 UE supported (i.e. TM1, TM2, TM5, TM6 and TM7). 
3 Power consumption
Compared to Option 2 and Option 3, low cost MTC UEs with Option 1 TMs reduction will have lower power consumption on measurement and CQI feedback. Since the spectral efficiency may be reduced in the downlink for low cost MTC UEs with Option 1 TMs reduction, power consumption may be expected to increase.  As a result, different TMs reduction options may not have apparent difference on power comsumption.
4 Coverage analysis
The link level simulation assumptions are listed in Appendix Table A.1. Simulation results for FDD system and TDD system are shown in Figure A.1. TM2/TM6/TM7 are always used for cell edge UEs improving coverage. From the simulation result, TM7 has better link performance compared with TM2 for TDD system.  
Among the five transmission modes that could be used for Category-1 LTE UE, coverage performance of each transmission mode can meet the requirement stated in [1].  Then, each downlink TMs reduction option (option 1, option 2 or option 3 defined in section 2) can meet the coverage requirement for low cost MTC UEs.
5 Cell spectral efficiency analysis
In order to show the spectral efficiency of LTE system with reduced downlink transmission modes, simulations were done based on the simulation assumptions as shown in Table A.2. From the simulation results shown in Figure A.2, TM6 outperforms TM2 by 21% on the cell spectral efficiency and 41% on the cell-edge spectral efficiency for FDD system; TM7 outperforms TM2 by 10% on cell spectral efficiency and 26% on the cell-edge spectral efficiency for TDD system. TMs reduction option 3 would have better cell spectral efficiency performance compared to TMs reduction option 1 and option 2.  
6 Impact on specification
 Reduction of supported downlink transmission modes will not bring impact on RAN specifications.
7 Cost reduction analysis

For TM7, the cost is higher compared with TM1 and TM2 since TM7 needs to support DMRS thus channel estimation is more complex. Compared with TM7, considering the measurement processing and feedback of codebook, the cost of TM6 would be higher. Considering both the MIMO processing blocks and the RS pattern processing difference between CRS and DMRS, further reducing the transmission mode could reduce the total cost but the cost reduction is expected to be small and insignificant when considering total UE cost.  

8 Conclusion

In this contribution, evaluation/analysis of reduction of supported downlink transmission modes are proposed especially including “Coverage analysis”, “Impact on specification”, “Cell spectral efficiency analysis” and “Analysis/evaluation of cost reduction”.  From our simulation/analysis, we have conclusions as below:
Among the three TMs reduction options, considering the cost reduction by further reducing the transmission modes is expected to be small and cell spectral efficiency loss is large, we propose Option 3 as TMs reduction option (i.e.,  Low cost MTC UEs support all Transmission modes that UE category 1 UE supported). 
9 Text proposal

---------------------------------------------------- Start of Text proposal---------------------------------------------------------

6.6 Reduction of supported downlink transmission modes
6.6.1 Description
The maximum number of supported layers is one for Category-1 LTE UEs. Among the Transmission Modes (TMs) for LTE as shown in Table 6.6-1, TM3, TM4, TM8 and TM9 may not be useful for Category-1 LTE UEs.

Table 6.6-1: Transmission Modes for LTE

	Transmission  Mode (TM)
	Description

	TM 1
	Single antenna port.

	TM 2
	Transmit diversity.

	TM 3
	Open-loop spatial multiplexing. 

	TM 4
	Closed-loop spatial multiplexing.

	TM 5
	Multi-user MIMO.

	TM 6
	Closed-loop rank-1 precoding.

	TM 7
	Single layer BF port 5

	TM 8
	Dual layer BF.

	TM 9
	Up to eight layer transmission.


“No support of spatial processing mode” shall be evaluated for low cost MTC UEs as required in [1]. Compared with Category-1 LTE UE, reduction of downlink transmission modes may bring additional cost saving. Three options for reduction of downlink transmission modes are shown as below:

Option 1: Low cost MTC UEs only support TM1 and TM2.

Option 2: Low cost MTC UEs support TM1, TM2 and TM7.

Option 3: Low cost MTC UEs support all Transmission modes that UE category 1 UE supported (i.e. TM1, TM2, TM5, TM6 and TM7). 
6.6.2 Analysis/evaluation of performance against requirements 

	Metric
	Impact (Yes/No)

	Coverage same as GSM/EGPRS
	Y

	Minimum Data rate
	N

	Power consumption
	Y

	Impact to non-MTC UE
	N

	eNB Hardware impact
	N

	Impact on specification
	N

	Cell spectral efficiency
	Y


6.6.2.1
Coverage analysis

The link level simulation assumptions are listed in Appendix Table A.1. Simulation results for FDD system and TDD system are shown in Figure A.1. TM2/TM6/TM7 are always used for cell edge UEs improving coverage. From the simulation result, TM7 has better link performance compared with TM2 for TDD system.  

Among the five transmission modes that could be used for Category-1 LTE UE, coverage performance of each transmission mode can meet the requirement stated in [1].   Then, each downlink TMs reduction option (option 1, option 2 or option 3) can meet the coverage requirement for low cost MTC UEs.
6.6.2.2
Power consumption

Compared to Option 2 and Option 3, low cost MTC UEs with Option 1 TM reduction will have lower power consumption on measurement and CQI feedback. Since the spectral efficiency is reduced in the downlink for low cost MTC UEs with Option 1 TM reduction, power consumption may be expected to increase.  As a result, different TM reduction options may not have apparent difference on power comsumption.
6.6.2.3
Impact on specification

Reduction of supported downlink transmission modes will not bring impact on RAN specifications.
6.6.2.4
Cell spectral efficiency

In order to show the spectral efficiency of LTE system with reduced downlink transmission modes, simulations were done based on the simulation assumptions as shown in Table A.2. From the simulation results shown in Figure A.2, TM6 outperforms TM2 by 21% on the cell spectral efficiency and 41% on the cell-edge spectral efficiency for FDD system; TM7 outperforms TM2 by 10% on cell spectral efficiency and 26% on the cell-edge spectral efficiency for TDD system. TMs reduction option 3 would have better cell spectral efficiency performance compared to TMs reduction option 1 and option 2.  

6.6.3
Analysis/evaluation of cost reduction

For TM7, the cost is higher compared with TM1 and TM2 since TM7 needs to support DMRS thus channel estimation is more complex. Compared with TM7, considering the measurement processing and feedback of codebook, the cost of TM6 would be higher. Considering both the MIMO processing blocks and the RS pattern difference between CRS and DMRS, further reducing the transmission mode could reduce the total cost but the cost reduction is expected to be small and insignificant when considering total UE cost.  

---------------------------------------------------- End of Text proposal---------------------------------------------------------
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11 Appendix A
Transmission Modes link level simulation parammters are listed in table A.1.

Table A.1.  TM simulation parameters

	Parameters
	Assumptions

	Carrier frequency
	2GHz

	System BW
	10MHz

	Channel model
	SCME

	Velocity
	3km/h

	Modulation mode
	QPSK

	Code rate
	1/3

	RB Number of PDSCH
	6

	Tx antenna
	FDD：2 for TM2/6

TDD：8 for TM2/7

	Rx antenna
	2

	Channel estimation
	Practical

	CP type
	Normal CP
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Figure A.1. Link level simulation results under different Transmission Modes
Transmission Modes system level simulation parammters are listed in table A.2.

Table A.2.  System level simulation assumptions

	Parameters
	Assumptions

	Cellular Layout 
	Hexagonal grid, 19 cell sites, 3 cell sectors per site.

	Number of users per cell
	uniformly distributed with average 10 UEs per sector

	Distance-dependent path loss
	L=I + 37.6log10(.R), R in kilometers 
I=130.5--2.6GHz for TDD, 
 I=120.9--900MHz for FDD.

	Inter-site distance
	500m(3GPP Case1)

	Operating bandwidth (BW)
	10MHz

	Penetration loss 
	20dB

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	intra-cell 1.0 inter-cell 0.5

	UE Speed
	3km/h

	Channel model
	3GPP Case1- SCME- UMa

	Antenna configuration
	2Tx2Rx for FDD TM2/6 

 8Tx2Rx for TDD TM2/7

	Link adaptation
	RI=1, FDD: PUCCH 1-1; TDD: PUCCH 2-0

	Scheduler 
	Proportional Fair 

	Traffic
	Full buffer

	Receiver
	MMSE receiver

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	3
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Figure A.2.  System level simulation results under different Transmission Modes
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