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1. Introduction 
In RAN1 #72 meeting, good progress was made in the discussion on link-level solutions for coverage enhancement of physical channels and signals for low cost MTC [1].  In addition, the simulation assumptions on PDSCH and PUSCH were agreed. So we could study the various solutions to improve the MTC UE coverage. In this contribution, we analyze and evaluate the possible downlink reference signal (RS) enhancement solutions.

2. Reference signal enhancement for PDSCH coverage enhancement
It has been shown that the accuracy of channel estimation is important for the PDSCH coverage enhancement for MTC UE [2]. Then the improvement to the reference signal becomes mandatory. Two possible solutions have been agreed to RS enhancement in RAN1 #72: Power spectral density (PSD) boosting and new channels/signals design. In the following, we discuss them respectively.

2.1 PSD boosting

RS power boosting has already been supported in LTE Rel.8-11 [3]. According to the specification, the cell-specific ratio 
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 is given by Table 1 according to cell-specific parameter 
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  signaled by higher layers [4]. By setting different value of 
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, RS power could be boosted from 0 dB to 6 dB.
Although this method could increase the power density of the reference signal, it reduces the energy per resource element (EPRE) of PDSCH. On the other hand, CRS is shared by all the UEs in the cell. Other UEs may not need RS power boosting at all. One solution is to use a subset of the allocated resource blocks (RBs) to increase the PSD [5]. And the RS EPRE could be increased in an UE-specific way. 
Table 1.The cell specific-ratio 
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 for 1, 2 or 4 cell specific antenna ports
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	One Antenna Port
	Two and Four Antenna Ports 

	0
	1
	5/4

	1
	4/5
	1

	2
	3/5
	3/4

	3
	2/5
	1/2


2.2 New channels/signals design
As it is possible that there is no uplink CSI feedback and no reliable uplink sounding for MTC UE [6], eNodeB will have no idea of the proper precoding or beamforming information. Then the suitable downlink transmission mode is TM2 [7]. TM2 in LTE Rel. 8-11 uses CRS for channel estimation and PDSCH demodulation. CRS density is assumed to be problematic for sufficiently accurate channel estimation [8].
· CRS

Fig.1 gives the mapping of downlink CRS defined in [9]. The study item of MTC coverage enhancement mainly focuses on the extremely low SNR scenario. To suppress the noise, it is better to increase the RS density in the time domain. However in Fig.2, there are only 2 REs/subcarrier/RB/antenna port. The channel estimation based on CRS will require a large number of PDSCH repetitions for the target downlink BLER.
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Figure 1, Mapping of downlink CRS (2 antenna ports)

· DMRS 

It is possible to use DMRS for the channel estimation for MTC UE [5]. The mapping of downlink DMRS is shown in Fig.2. Antenna ports 7 and 9 could be configured for downlink transmit diversity. This scheme could increase the RS density to 4 REs/subcarrier/RB/ /antenna port. As DMRS is transmitted only when PDSCH is mapped for the UE, the power boosting on DMRS could be carried out in an UE-specific way. 
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Figure 2, Mapping of downlink DMRS 

· CRS/DMRS and new RS

If we want to further increase the density in the time domain, it would be beneficial for the new RS (MTCRS) to reuse the available CRS or DMRS. It is impossible for DMRS and CRS to combine together for channel estimation because the mapping of DMRS is fixed among the cells, but the mapping of CRS is shifted among the cells to avoid inter-cell interference. So it is unlikely that all DMRS in one PRB locates at the same carrier as CRS. Then the combination of CRS and DMRS will not bring significant performance improvement.

Considering this, we could introduce MTCRS which shifts in the frequency domain in the same way as CRS or DMRS.  And it occupies more REs in the time domain within one PRB. One example of MTCRS is shown in Fig.4. In this case, antenna ports 23 and 24 are introduced to the legacy CRS mapping. They locate in the same subcarrier as CRS so that joint channel estimation could be carried out. In this way, the density of RS could be increased to 6 REs/subcarrier/RB/antenna port. This will greatly increase the accuracy of the channel estimation. In addition, MTCRS is configured to MTC UE in an UE-specific way. So power boosting on MTCRS could bring further performance improvement while it has no impact to other UEs.
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Figure 3, Mapping of downlink MTCRS and CRS (2 antenna ports)

3. Evaluation results
We compare the different schemes to improve the performance of downlink channel estimation including the channel estimation based on Rel.8 CRS, MTCRS with different RS power boosting schemes and the multiple subframes channel estimation. As it is known that the multiple subframes channel estimation does not work well with higher residual frequency tracking error, we limit the number of subframes to 2 in the simulation. For the cases of Rel.8 CRS and MTCRS, we use single subframe channel estimation for PDSCH demodulation. The number of repetitions to achieve 10% BLER works as the evaluation output. Both FDD and TDD frame structures are evaluated. Detailed simulation assumptions are shown in the appendix.
3.1 PDSCH for FDD frame structure
Fig.4 shows the amount of repetitions with low and high frequency tracking error when the number of downlink PRBs is 6. The transport block size is selected according to the number of PRBs and MCS. From this graph, it is verified that the packet will be retransmitted more than 250 times when SNR is -19.3 dB to achieve 10% BLER if the channel estimation is based on Rel.8 CRS. As the Doppler spread is low (1 Hz) for MTC UE, it is possible to improve the performance of channel estimation by applying multiple subframes channels estimation to increase the number of RS density in the time domain. It works pretty well when the frequency tracking error is 20 Hz. As it is shown in the figure, the number of repetitions is reduced to about 120 when SNR is -19.3 dB. But when the error increases to 100 Hz, the repetition number rises to about 145 accordingly because of the significant phase error accumulation. 
MTCRS also reduces the number of repletion to a large extent. In addition, the scheme increases the RS density within one subframe, so we could expect that the frequency tracking error has little influence on its performance. This is clearly shown in Fig.4. By RS power boosting to the MTCRS, further reduced repetition number could also observed. However, if we increase the RS EPRE, the PDSCH EPRE is reduced. So we could find by increasing RS power by 3 dB, the gain is apparent shown. But the 6 dB power boosting does not bring more gain than 3 dB case. Its curve just overlaps with the 3 dB one. 
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Figure 4, FDD and 6 PRBs with frequency tracking error =20/100 Hz
	
	


3.2 PDSCH for TDD frame structure

For TDD system, the UL-DL configuration 0 is used in the evaluation. And we assume no PDSCH transmission for MTC UE in the special subframe. In such a configuration, there are two downlink subframes in a radio frame. So the phase error between the adjacent downlink subframes is larger than that in FDD system. 
Fig.5 shows the evaluation results with 6 downlink PRBs. The number of repletion for Rel.8 CRS in TDD system is increased significantly compared with FDD because of the phase error. This impact also applies to MTCRS. Other findings are the same as FDD. 

Based on the evaluation results, we observe,
Observation 1:MTCRS brings significant gain for MTC UE even when frequency tracking error is large. 

Observation 2:MTCRS can work with other schemes, e.g RS power boosting to achieve better performance.

So we propose,

Proposal 1: Consider to increase the RS density for MTC PDSCH transmission. 

Proposal 2: RS improvement scheme could combine different solutions.
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Figure 5, TDD and 6 PRBs with frequency tracking error =20/100 Hz
4. Conclusion 
This contribution analyzes the possible solutions to improve the reference signal for MTC PDSCH transmission and proposes,
Proposal 1: Consider to increase the RS density for MTC PDSCH transmission. 

Proposal 2: RS improvement scheme could combine different solutions.
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Appendix:  Simulation assumptions on PDSCH
	Parameter
	Value

	System bandwidth
	10MHz

	Frame structure
	FDD or TDD

	UL-DL configuration
	0

	Carrier frequency
	2.0 GHz for FDD/ 2.6GHz for TDD

	Antenna configuration
	2x2, low correlation for FDD; 8x2, low correlation for TDD for TDD

	Channel model
	EPA

	Doppler spread
	1Hz

	MCS
	0

Note: We need to satisfy the traffic requirements agreed before

	Number of DL RBs
	6
Note: We need to satisfy the traffic requirements agreed before

	Transmission mode
	TM2

	Frequency tracking error
	100Hz or 20Hz

	Performance target
	10% iBLER

	Channel estimation
	MMSE 

	The minimum required SINR
	-19.3dB for FDD; -25.3 dB for TDD

	Output
	The amount of repetitions
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