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1 Introduction
In the RAN1 #68bis meeting, it was concluded to
· Introduce a new subsection in the TR for the technique “Reduction of supported downlink transmission modes”.
This contribution analyzes the needed downlink transmission modes for MTC UEs from a functionality, performance evaluation and cost saving perspective.
2 Analyzing the reduction of supported DL TMs from functionality
As described in the proposed SID [1], the basis for MTC analysis shall be the Rel-10 LTE air-interface. This basis implies that all defined TMs (TM1-TM9) must be supported by an LTE Rel-10 Cat-1 UE. However, some TMs are applicable to specific scenarios. For example, TM7 is usually applied to TDD. 
For a reference Cat-1 UE, TM1 and TM2 are needed as the basic TMs for backward compatibility (e.g., transmit diversity is used for PBCH transmission), and the maximum number of supported layers for spatial multiplexing in DL is one [2]. As a result, the applicable transmission schemes for a Cat-1 UE are single-antenna port (port 0, port 5, port 7 or port 8), transmit diversity, MU-MIMO and closed-loop SM (spatial multiplexing) with RI=1. To more specific, Table 1 shows the supportable transmission schemes related to each TM for a Cat-1 UE.
Table 1. Supportable transmission schemes related to each TM for a Cat-1 UE
	Transmission scheme
	Type
	TM1
	TM2
	TM3
	TM4
	TM5
	TM6
	TM7
	TM8
	TM9

	Single
antenna
port
	Port 0
	●
	
	
	
	
	
	●
	●
	●

	
	Port 5
	
	
	
	
	
	
	●
	
	

	
	Port 7/8
	
	
	
	
	
	
	
	●
	●

	Transmit diversity
	RA(resource allocation): Type 0/1
	
	●
	●
	●
	
	
	
	
	

	
	RA: Type 2 
	
	●
	●
	●
	●
	●
	●
	●
	●

	MU-MIMO 
	
	
	
	
	
	●
	
	
	
	

	CL SM with RI=1
	RA: Type 0/1
	
	
	
	●
	
	
	
	
	

	
	RA: Type 2
	
	
	
	
	
	●
	
	
	


As seen from Table 1:

· TM3 with RI=1 is equivalent to TM2. Thus, TM2 can be used instead of TM3. 

· For TM4 with RI=1 and TM6, TM4 is similar to TM6 for the reference UE (the main difference in RA, type0/1 RA for TM4 and type2 RA for TM6). TM4 may not be needed for the MTC UEs.
· TM5 cannot be supported for an LTE UE by setting the bit value in the FGI (feature group indicator[3]) to zero considering the motivation of reduced supported DL TMs is to exclude unnecessary TMs for cost saving.
· For TM6 and TM8 with RI=1, PMI computation and feedback will be needed for MTC UEs, which will introduce processing complexity for MTC UEs. In view of this, whether supporting TM6 or TM8 with RI=1 may need to balance the actually acquired cell spectral efficiency (SE) gain compared to TM2 and increased cost. 
· For TM7, there is no PMI feedback. Therefore, it is mainly applied to TDD based on the channel reciprocity. Similar to the above analysis for TM6 and TM8, whether supporting TM7 may also need to balance the actually acquired cell SE gain compared to TM2 and possible increased cost.
· For TM9 with RI=1 for data transmission, there is no large difference between TM8 and TM9 (Both TM8 and TM9 use DMRS for data demodulation. However, TM8 uses CRS for CQI measurements while TM9 uses CSI-RS for CQI measurements). TM9 may not be needed in this case. 
Note that the ePDCCH may be useful in supporting bandwidth reduction techniques, the reduction of necessary transmission modes to TM1 and TM2 may be achievable while supporting ePDCCH by using a DMRS-based transmission schemes. 
As following, Table 2 summarizes the viewpoints about TM reduction for MTC UEs based on the above analyses.

Table 2. Viewpoints about TM reduction for MTC UEs
	Necessary TMs
	TM1 and TM2

	Unnecessary TMs
	TM3 (RI=1), TM4(RI=1), TM5, TM9 (RI=1)

	TMs for further discussion
	TM6, TM7(TDD only), TM8(RI=1)


3 Analyzing the reduction of supported DL TMs from performance evaluation and cost saving 
In this section, further analyses based on the conclusions given in Section 2 are made from the aspects of performance evaluation and cost saving.

Considering the similar transmission mechanism between TM6 and TM8, there is no performance differentiation between TM6 and TM8 in this simulation. The relative performance gains (including cell average SE and cell edge SE) of TM6/8 compared to TM2 for FDD and TM7 compared toTM2 for TDD are shown in Table 3 using the simulation assumptions listed in Table A of the appendix. 
As shown in Table 3, for FDD case, compared to TM2, the cell average gain of TM6/8 is minimal, and some cell edge gain can be obtained at the cost of increasing PMI feedback overhead and complexity. For TDD case, both the cell average and cell edge of TM7 are superior to that of TM2. 

However, considering the facts that the main traffic for MTC UEs is uplink service rather than DL traffic and not all UEs are MTC UEs in a real system, the real DL performance degradation without using precoding may be largely lessened for both FDD and TDD. 
Certainly, using precoding can compensate for the coverage loss incurred by the technique of a single RF chain. However, as pointed out in [4], the bottleneck of coverage in DL is the control channel rather than the data channel. As a result, using precoding to enhance the DL coverage may not be critical to the technique of a single RF chain.
Table 3. Performance gain compared to TM2
	
	Cell average
	Cell edge

	FDD: TM6/8
	3.69%
	15.8%

	TDD: TM7
	18%
	46.3%


Cost reduction arising from TM reduction can be achieved from baseband savings in “receiver processing block” and “MIMO specific processing block” provided only TM1 and TM2 are needed for MTC UEs.
The receiver processing block includes the channel estimation and CSI computation. The cost ratio of channel estimation to CSI computation in the receiver processing block is about to 4:6. For CSI computation, the RI feedback would not be supported for a Cat-1 UE, and the complexity of CQI/PMI computation is dependent on the number of antenna ports, which determines the number of evaluated codebooks. Taking 2 and 4 antenna ports into account, 80% discount is assumed on the saving of CSI computation. Thus, about 48% relative cost saving can be obtained in the receiver processing block

Without supporting precoding, the complexity of MIMO specific processing can also be reduced, and about 30% relative cost saving can be obtained in the MIMO specific processing block.
Table 4 shows the relative cost saving for supporting only TM1 and TM2. As shown in the Table 4, about 9.7% relative total cost saving can be obtained with a TM reduction technique. 
Table 4. Relative cost saving estimations for TM reduction
	Functional block
(Ratio of RF to baseband cost 40:60)
	Recommended (For evaluation)
	Supporting only TM1 and TM2

(Relative savings)

	RF

	Power amplifier
	25%-30%
	NA

	Filters
	5%-10%
	NA

	RF transceiver

( including LNAs, mixer, and local oscillator)
	40%-50%
	NA

	Duplexer /Switch
	15%-25%
	NA

	Other
	0%-10%
	NA

	Total of RF
	95%-110%
	NA

	Baseband

	ADC / DAC 
	10%
	NA

	FFT/IFFT
	5%
	NA

	Post-FFT data buffering
	10%-15%
	NA

	Receiver processing block
	20%-35%
	48%

	Turbo decoding
	5%-15%
	NA

	HARQ  buffer
	10%-15%
	NA

	DL control processing & decoder
	5%
	NA

	Synchronization / cell search block
	10%-15%
	NA

	UL processing block
	5%-10%
	NA

	MIMO specific processing blocks
	5%-15%
	30%

	Other
	0%
	NA

	Total of Baseband
	90%-110%
	16.2% 

	Overall relative cost savings
	
	9.7%


However, as analyzed in [5], TM reduction has cost saving overlap with both bandwidth reduction and a single RF chain. In this case, the cost saving arising from TM reduction contributes less when TM reduction technique is combined with bandwidth reduction and/or a single RF chain. Even so, TM reduction will also be beneficial when the technique is used by itself or with other minimal specification impact techniques.
In summary, based on the above analyses, and considering the low real performance degradation without precoding and worthwhile cost saving, the following proposal is given:

Proposal: Supporting only single antenna port schemes and transmit diversity scheme (TM1, TM2 and DMRS based spatial diversity introduced for ePDCCH) may be feasible for MTC UEs, at least when the technique is used by itself or with other minimal specification impact techniques. 

4 Conclusion

In this contribution, the needed downlink transmission modes for MTC UEs are analyzed from functionality, performance evaluation and cost saving perspective. On balance of the low real performance degradation without precoding and worthwhile cost saving, the following proposal is given: 
Proposal: Supporting only single antenna port schemes and transmit diversity scheme (TM1, TM2 and DMRS based transmission schemes introduced for ePDCCH) may be feasible for MTC UEs, at least when the technique is used by itself or with other minimal specification impact techniques. 
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Appendix

Table A: Simulation assumptions for performance evaluation

	Assumptions
	Values

	Simulation scenario
	3GPP case 1

	Channel model
	SCM

	Carrier frequency
	2.0 GHz

	System bandwidth
	10MHz

	Antenna configuration
	FDD: 2Tx2Rx

TDD: 4Tx2Rx

	Traffic model
	Full buffer

	Scheduling algorithm
	PF

	Scheduling granularity
	Per PRB restricted within 6PRBs

	Receiver algorithm
	MRC

	Feedback mode
	TM2: PUCCH 2-0 for both FDD and TDD
TM6/8:PUCCH 2-1 for FDD
TM7: PUCCH 2-0 for TDD

	RI adaptation 
	Non adaptation

	Retransmission adaptation
	Non adaptation

	TDD UL/DL subframe configuration
	TDD: configuration 1: DL:SP:UL = 2:1:2

Special subframe: DwPTS 11 symbol, GP 1 symbol, UpPTS 2 symbol

	UE mobility
	Fixed

	Downlink HARQ scheme
	HARQ-CC

	Antenna configuration at base station
	Correlated cross-polarized antenna 

	Antenna configuration at UE
	Vertically-polarized, with 0.5 lambda spacing


