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1. Introduction

The reduction of downlink transmission modes is considered as one of the complementary strategies to reduce the cost of an LTE MTC terminal. In particular, the possibility to use TM1 (single antenna port) and TM2 (transmit diversity) only is being discussed by the RAN1 WG [1]. In this contribution we provide our views on different aspects related to the usage of this cost reduction strategy. In particular, we analyze the impact of transmission mode reduction on the minimum data rate, coverage, cell spectral efficiency, power consumption, and UE implementation complexity.
2. Discussion on LTE Downlink Transmission Modes
The LTE Rel. 10 specification defines nine transmission modes (see Table 1) that can be divided into four main categories:
· Single antenna port – TM1;
· Transmit diversity – TM2;
· Codebook based precoding:
· Open loop MIMO – TM3;

· Closed loop MIMO – TM4, TM5, TM6;
· Non-codebook based precoding – TM7, TM8, TM9.
The low-cost MTC UEs are considered to be designed on the base of the simplified LTE Category 1 UEs. And for LTE Category-1 UE devices the maximum number of supported layers for spatial multiplexing in downlink is restricted to one. So in general, low-cost MTC UEs can operate in majority of those modes except the TM3 that has minimum two spatial layers. The TM4 can be also excluded from the consideration since it becomes equivalent to the TM6 which is specially defined for single layer transmission. All other transmission modes by default can be supported by low-cost MTC UEs device. The TM1 is by definition a single layer transmission mode. The TM2 (transmit diversity) has two or four layers but these layers are transmitted on several resources (time/frequency) so that at the receiver side these layers are effectively transformed into a single layer. The remaining five transmission modes TM5, TM6, TM7, TM8, and TM9 can be used assuming that single layer transmission is preserved. All of these modes rely on closed-loop operation based on PMI feedback in FDD and/or sounding in TDD and in some sense are quite similar to each other. The TM5, TM8 and TM9) can be also used to support MU-MIMO operation. In general the MU-MIMO in LTE is almost transparent for UE. From this perspective the usage of MU-MIMO in general does not add complexity to the low-cost MTC UEs implementation. The MU-MIMO operation itself does not require the presence of 2 or more receive antennas if inter-stream interference is eliminated with base station transmit precoding.
The support of TM1 and TM2 is required by default to ensure that low-cost MTC devices can work with the legacy system and to enable control channels operation. The usage of the remaining transmission modes can be considered as optional and should be assessed in terms of performance benefits, cost savings and implementation complexity. In the next sections we present our analysis on down-selection of TMs for low cost MTC devices.

Table 1: LTE DL transmission modes
	Transmission Mode
	Support for Low-cost MTC UEs (Cat 1 UE)

	TM1: Single-antenna transmission
	Yes

	TM2: Transmit diversity
	Yes

	TM3: Open-loop codebook based precoding or Transmit diversity
	Yes 
(same as TM2)

	TM4: Closed loop codebook based precoding
	Yes
(same as TM6)

	TM5: MU-MIMO based on TM4
	Yes

	TM6: CL codebook based precoding with single layer
	Yes

	TM7: R8 non-codebook based precoding with single layer
	Yes

	TM8: R9 non-codebook based precoding with up to two layers
	Yes
(single layer only)

	TM9: R10 non-codebook based precoding with up to eight layers
	Yes
(single layer only)


3. Performance Analysis
The downlink transmission modes TM5-TM9 were introduced with goal to ensure high system capacity and are also advantageous for the system coverage. From the system performance perspective the exclusion of these modes will have impact on the performance of PDSCH channel and will not affect other channels.

3.1. Minimum Data Rate

The minimum data rate is not affected by the reduction of TMs. The target GSM/EGPRS data rates can be supported by any of the TMs (TM1 and/or TM2). In that sense the exclusion of TM5-TM9 will not affect this characteristic.
3.2. Coverage

The exclusion of closed-loop MIMO TM5-TM9 may result in the coverage performance degradation. According to our previous analysis of low-cost MTC UEs performance [2] the Transmit Diversity mode (TM2) has more poor maximum coupling loss (MCL) performance (1-3 dB degradation) than the single layer codebook based precoding mode (TM6) for both dual and single receive RF chain UEs.
Observation: The TM6 with single layer transmit precoding provides better PDSCH coverage performance comparing to the transmit diversity TM2. The approximately 1-3 dB coverage gain is observed depending on data rate, channel model and other factors.
3.3. Cell spectral efficiency

The usage of a reduced set of downlink transmission modes may have a negative impact on the PDSCH cell spectral efficiency. The DL cell average and cell-edge spectral efficiency performance for TM2, TM5 and TM6 was evaluated by system level simulations. The analysis was conducted for different antenna configurations at the eNodeB and the UE sides. In particular, both single and dual receive RF chain UEs designs have been considered. The summary of the system level evaluation results is provided in Table 2 REF _Ref318191948 \h 
 \* MERGEFORMAT  and the detailed simulation assumptions are listed in the Appendix A.
Table 2: Cell spectral efficiency analysis
	Antenna configuration
	Transmission Mode
	Cell SE, b/s/Hz
	Cell edge SE, b/s/Hz/user
	Gain vs. TM2

(Cell SE / Cell Edge SE)

	2 x 1
	TM2
	1.28
	0.018
	NA

	
	TM6
	1.52
	0.031
	18.8% / 72.0%

	
	TM5
	1.52
	0.029
	18.8% / 61.0%

	2 x 2
	TM2
	1.63
	0.039
	NA

	
	TM6
	1.90
	0.055
	16.6% / 41.0%

	
	TM5
	1.97
	0.054
	20.9% / 38.5%

	4 x 1
	TM2
	1.20
	0.017
	NA

	
	TM6
	1.70
	0.041
	41.7% / 140.2%

	
	TM5
	1.78
	0.040
	48.3% / 135.3%

	4 x 2
	TM2
	1.54
	0.035
	NA

	
	TM6
	2.05
	0.064
	33.1% / 82.9%

	
	TM5
	2.29
	0.067
	48.7% / 91.4%


The simulation results indicate that for all the considered system configurations the TM2 has more poor performance than the more enhanced TM6 (closed-loop SU-MIMO) and TM5 (closed-loop MU-MIMO) modes.
Observations:
· The exclusion of rank-1 precoding transmission modes will lead to the degradation in cell spectral efficiency (14 – 33%) and cell-edge spectral efficiency (28 – 58%) performance.
· The usage of a single receive RF chains together with the exclusion of rank-1 precoding transmission modes will lead to substantial loss in cell spectral efficiency (35 – 48%) and cell-edge spectral efficiency (65 – 75%) comparing to the performance of dual receive RF chains LTE Cat-1 UEs.
3.4. Power consumption

The reduction of the number of supported downlink transmission modes has impact on the receiver baseband power consumption. Several factors that affect the performance may be highlighted:

· The reduced number of computational operations will be required (e.g. PMI estimation) and it will lead to the reduction of the baseband power consumption. The associated potential reduction of power consumption is proportional to the number of removed baseband operations.

· The loss in DL spectral efficiency and coverage performance needs to be compensated by larger sizes of the frequency/time allocations that are required to transmit the same amount of data (i.e. one MTC packet). This effect will lead to the increase of power consumption at some extent.

Observation: The reduction of supported downlink transmission modes will unlikely result in the noticeable savings of the UE power consumption.
3.5. UE implementation aspects
As it was shown in the previous sections the support of rank-1 precoding schemes is beneficial from the system performance perspective and allows increasing spectral efficiency and coverage for 1 RX and 2 RX UEs. In terms of UE complexity reduction the major savings come from the reduction of the number of receive antenna RF chains rather than from the reduction of transmission modes. Assuming that an MTC device has a single RF chain the further exclusion of rank-1 based transmissions modes does not add much value. In addition taking into account the gradual trend to increase the number of TX antennas at the base station side the argument to exclude the rank-1 based MIMO transmission modes seems to be contradictive. The discussion on the support of MU-MIMO modes and possible degradation of system performance due to more significant impact of inter-stream interference from collocated users can be left up to the base station vendor decision since in any case these modes are transparent to the UE terminal.
Observation: From the UE implementation perspective the major savings can be achieved from the reduction of RF chains rather than down-selection of transmission and MIMO modes.
4. Conclusions
In this contribution we have provided the details of the analysis for the reduction of transmission modes cost reduction strategy for low-cost MTC UEs. Based on the results of this analysis we have made the following observations and come up with a proposal:

Observations:

· The TM6 with single layer transmit precoding provides better PDSCH coverage performance comparing to the transmit diversity TM2. The approximately 1-3 dB coverage gain is observed depending on data rate, channel model and other factors.
· The exclusion of rank-1 precoding transmission modes will lead to the degradation in cell spectral efficiency (14 – 33%) and cell-edge spectral efficiency (28 – 58%) performance.
· The usage of a single receive RF chains together with the exclusion of rank-1 precoding transmission modes will lead to substantial loss in cell spectral efficiency (35 – 48%) and cell-edge spectral efficiency (65 – 75%) comparing to the performance of dual receive RF chains LTE Cat-1 UEs.
· The reduction of supported downlink transmission modes will unlikely result in the noticeable savings of the UE power consumption.
· From the UE implementation perspective the major savings can be achieved from the reduction of RF chains rather than down-selection of transmission and MIMO modes.
Proposal: Capture the provided observations and conclusions on the evaluation/analysis of reduction of supported downlink transmission modes in the SI technical report.
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Appendix A – Simulation Assumptions
Table 3: System level simulation assumptions

	Parameters 
	Values 

	Duplexing
	FDD

	System BW 
	10MHz 

	Test environment
	3GPP Case 1 3D (TR 36.814), 900 MHz carrier frequency
57 Macro cells hexagonal deployment, 570 UEs, UE speed is 3 km/h

	Antenna configuration 
	eNodeB:

· 2/4 Tx vertically polarized antennas separated by 0.5 wavelength

UE modem:

· Dual receive RF chain modem  – 2 Rx vertically polarized antennas separated by 0.5 wavelengths

· Single receive RF chain modem – 1 Rx vertically polarized antenna

	Receiver type 
	MMSE, interference unaware

	Link adaptation 
	MCSs based on LTE transport formats

CQI/PMI feedback with 5ms period and 6 ms application delay

CQI granularity is 5 PRBs

PMI granularity is 5 RBs for SU-MIMO and wideband for MU-MIMO, based on Rel-8 LTE codebook

	Channel estimation
	Perfect

	Outer loop link adaptation
	10% target PER for initial transmission 

	HARQ scheme 
	CC; maximum 4 retransmissions

	Feedback and control channel errors 
	No error 

	Scheduler 
	PF with 5 PRBs allocation granularity

	Traffic
	Full buffer
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