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1	Introduction
In the Work Item (WI) on “Additional MTC enhancements for LTE” [1], one of the objectives is to specify CE mode A and B improvements for non-BL UEs from among the techniques listed below:

	Extreme coverage for non-BL UEs:
· Specify CE mode A and B improvements for non-BL UEs from among the following list [RAN1, RAN2, RAN4]
· [bookmark: _Hlk521496697]Enhancements to idle mode mobility
· UE demodulation performance requirements for 2 RX antennas and full duplex FDD
· Dual layer DL reception
· Feedback based on CSI-RS
· ETWS/CMAS in connected mode



In RAN1 #94, the following agreements were reached. 

	Agreement
Study on the performance benefit of dual layer DL reception when it is supported for non-BL UEs in CE mode A. Companies are encouraged to submit evaluation results. 
· UE complexity should be also considered
· Prioritize SNR region relevant to CE mode A

Agreement 
Study on the performance benefit of CSI-RS based CSI feedback when it is supported for non-BL UEs in CE mode A.
· UE complexity should be also considered
· Prioritize SNR region relevant to CE mode A




This contribution is intended to assess, respectively, the potential benefits of supporting “Dual layer DL reception” and “Feedback based on CSI-RS” for non-BL UEs using enhanced coverage functionality.
[bookmark: _Ref178064866]2	L1 related enhancements for non-BL UEs using enhanced coverage functionality
2.1	Dual-layer DL reception
In a dual-layer transmission scheme, two data streams are transmitted over Nt ≥ 2 antennas, while the receiver detects the transmitted streams using Nr ≥ 2 receive antennas. 
The applicability of “Dual layer DL reception” as a way of increasing the data rate for non-BL UEs using enhanced coverage functionality needs to consider its behaviour in high and low SNR. Therefore, in the sub-sections below, we provide an analysis of “Dual layer DL reception” for both high and low SNR, using as a reference the following well-known channel capacity formula [2-4]:

Where  is the transmit power at the i-th transmit antenna,  is i-th eigenvalue,  is the noise power,  the rank of the MIMO channel matrix, and  the bandwidth.
The component  from the equation above is a concave function, which results in the following approximations for high and low SNR regions:

	When SNR >>1
	When SNR ≈ 0

	
	



When the SNR is high, the capacity increases logarithmically with the received power , while at a low SNR the capacity increases linearly with the received power .
2.1.1	Dual-layer at high SNR
At a high SNR region, to get the most out of the multi-stream transmission, the power is equally distributed to all sub-channels with non-zero eigenvalues, in which case the capacity can be written as follows:


For large SNR, the capacity increases linearly with the rank of the MIMO channel matrix (). That is, the rank provides an intuitive insight of the channel capacity.
2.1.2	Dual-layer at low SNR
At a low SNR region, if we distribute the power equally to all sub-channels with non-zero eigenvalues, the resulting capacity is as follows:


However, at a low SNR region, to get the most out of the transmission it is better to supply power only to the strongest eigenmode, in which case the resulting capacity is as follows:


[bookmark: _Hlk524383249]Since the best is to supply the entire power to the finest sub-channel, then for low SNR regions what we effectively have in the end is a single layer transmission. That is, in the case of a low SNR, the MIMO channel behaves as a SIMO channel if it is possible to take advantage of having more than one received antenna, otherwise the behaviour approximates that of a SISO channel.
The figure below compares the channel capacity when Dual-layer is used at a low SNR range to transmit two data streams and a single data stream respectively.
[image: ]
Figure 1: Dual-layer at a low SNR range, using 9.1547 and  as singular values of the channel. 
The result shows that at low SNR the channel capacity is limited by the strength of the strongest channel mode and the ability of the transmitter to beamform in that direction. Moreover, at low SNR(s), channel estimates are significantly worse, resulting in a higher uncertainty of the estimates for resolving the MIMO channel matrix (e.g., eigenvalues), which in turn decreases the decoding performance.
[bookmark: _Toc525930268]For large SNR, the capacity increases linearly with the rank of the MIMO channel matrix. That is, the rank provides an intuitive insight of the channel capacity.
[bookmark: _Toc525930269]For low SNR, the capacity of the MIMO channel approximately equals either that of a SIMO channel (at best) or that of a SISO channel. At low SNR, to maximize throughput, the entire power is supplied only to the strongest eigenmode, which results in a single stream transmission.
[bookmark: _Toc525930275]Dual-layer DL reception is not supported by non-BL UEs using enhanced coverage functionality, since using more than one layer is only beneficial and feasible for SNRs significantly higher (>> 1 = 0dB) than what is targeted by CE Mode A (not to mention CE Mode B).
2.2	Feedback based on CSI-RS
In Rel-10, up to 8 layers were made available for spatial multiplexing, which created a need for 8-layer channel estimation due that the Cell-specific RS (CRS) was originally designed for up to 4-layer spatial multiplexing. This was a reason why the Channel State Information Reference Signal (CSI-RS) was introduced, which is used to provide channel estimation for up to 8 layers (antenna ports). One important aspect to mention is that due to the sparse placement of CSI-RS (as to minimize the interference on UEs that perceive CSI-RS as interference), the CSI-RS-based CSI reports will be reported over longer time intervals than CRS-based CSI reports.
It is quite possible that CSI reporting based on CSI-RS can show similar benefits for a UE operating in coverage enhancement as when the feature was introduced to support TM9 in Rel-10. In particular, it can be expected to be useful for transmission based on beamforming, since improved channel estimation can be crucial for improving the selection of correct precoder at low SNR. By using (up to) eight CSI-RS ports it is possible to obtain a more accurate estimation of the preferred precoder than using only CRS. However, it may also be challenging to achieve enough processing gain for such accurate estimation at the low SNR levels associated with operation in enhanced coverage. Whether or not there are any significant gains for at least some practical scenarios should be studied and shown by simulations.
[bookmark: _Toc525930276]The potential benefits of using feedback based on CSI-RS for beamforming-based transmission at SNR levels associated with enhanced coverage shall be studied (e.g., in terms of improving the selection of the correct precoder).
 
Conclusion
In the previous sections we made the following observations:

Observation 1	For large SNR, the capacity increases linearly with the rank of the MIMO channel matrix. That is, the rank provides an intuitive insight of the channel capacity.
Observation 2	For low SNR, the capacity of the MIMO channel approximately equals either that of a SIMO channel (at best) or that of a SISO channel. At low SNR, to maximize throughput, the entire power is supplied only to the strongest eigenmode, which results in a single stream transmission.
 
Based on the discussion in the previous sections we propose the following:
Proposal 1	Dual-layer DL reception is not supported by non-BL UEs using enhanced coverage functionality, since using more than one layer is only beneficial and feasible for SNRs significantly higher (>> 1 = 0dB) than what is targeted by CE Mode A (not to mention CE Mode B).
Proposal 2	The potential benefits of using feedback based on CSI-RS for beamforming-based transmission at SNR levels associated with enhanced coverage shall be studied (e.g., in terms of improving the selection of the correct precoder).
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