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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 it was agreed that RAN1 would focus on both “Dual layer DL reception” and “Feedback based on CSI-RS” [2]. Then, in RAN1 #94bis the following agreements were reached [3].

	Dual layer DL reception
	Feedback based on CSI-RS

	
Agreement 
Dual-layer transmission is not supported for non-BL UEs in CE mode B
Email discussion for evaluation parameters for dual layer transmission simulations by 19th of October (Changhwan, LGE)
	
Agreement 
CSI-RS based CSI feedback is not supported for non-BL UEs at least in CE mode B




In between RAN1 #94bis and RAN1 #95, an e-mail discussion was held leading to the following agreement.
	Agreements:
· T-put performance metric based on Rank 1 and Rank 2 will be shown by Hull-curve against SNR according to the simulation parameters given in Table 1 
· The SNR range is to be discussed, aiming to conclude in RAN1#95 
· In proposing the SNR range, companies are encouraged to check the WID and perform appropriate analysis considering relevant aspects related to non-BL & CE mode A

Table 1. Link-level simulation parameters for Dual-layer transmission for non-BL UEs in CE mode A
	Parameter
	Value

	Frequency
	700MHz

	Channel
	EPA with low correlation according to Table B.5.2-2 in TS 36.104

	eNB Antenna configurations
	4 Tx, Cross-polarization: +/-45 degrees

	UE configurations
	Speed: 1km/h

	
	2 Rx with X-polarized: 0/+90 degrees

	Traffic load
	Full Buffer

	Transmission scheme
	TM9 with fixed rank

	PDSCH
	6 RBs with 1, 2, 4, and 8 repetitions

	corReceiver
	Non-Ideal DMRS channel estimation and interference estimation 

	
	LMMSE-IRC receiver

	Overhead
	2 symbols for DL CCHs, 2 CRS ports and 2 DM-RS ports

	CSI/Precoding
	No rank adaptation (Rank 1 and Rank 2)
Fixed CQI and feedback wideband PMI with periodicity of 10msec (Channel reciprocity property in TDD system can be used for DL PMI adjustment)

	Rate control
	Target 10% BLER after 1st transmission

	Cyclic prefix
	Normal CP






In RAN1 #95, the only agreements reached were on “Feedback based on CSI-RS”, since the discussion on “Dual Layer DL reception” resulted in no consensus [4].
	Feedback based on CSI-RS

	
Agreement
Companies are encouraged to evaluate DL performance with CSI-RS based CSI feedback for non-BL UE in CE mode A including
by comparing downlink throughput performances based on
CRS-based CSI feedback
The current CSI-RS based CSI feedback (detailed configuration of CSI-RS is up to company, including new CSI-RS design, if any)
under the simulation assumption in Table 1 used for the performance comparison between Single- and Dual-layer transmissions with the following updates
Rank 1
CQI adaptions are enabled
Periodic CSI feedback Mode 1-1 is applied with periodicity of 10msec
Aperiodic CSI feedback




This contribution is intended to summarize the status of discussions on “Dual layer DL reception”, and
assess the applicability and potential gains of supporting “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
2.2.1	Status until RAN1 #95
The potential support of Dual-layer DL reception for non-BL UEs using enhanced coverage functionality has been discussed for several meetings already. Table 2.1 summarizes the companies views on the support of Dual-layer DL reception until RAN1 #95 [5-12].
Table 2.1: Overall view on the support of Dual Layer DL reception
	Status on Dual Layer DL reception up to RAN1 #95

	[5]

	[9]

	[7]

	[8]

	[6]

	[10]

	[11]

	[12]


	Supports the introduction of Dual Layer DL reception?
	
Yes
	
No
	
No
	
Yes
	
No
	
-
(Prior RAN1 #95, it was stated “only if performance gain is verified”)

	
No
	
No

	Presented Results in RAN1 #95, according to the simulation setup agreed over E-mail Discussion 25-10-2018.
	
No
	
Yes

EVALUATION (SNR -5 to 0dB & 0dB to 20)
	
No
	
No
	
No
	
No
	
Yes

EVALUATION (SNR -5 to 0dB)

	
No

UPDATED THEORETICAL ANALYSIS (SNR -5dB to 0dB)


	
Main Arguments


	
About 80% and 70% UE’s DL geometry is larger or equal to 0dB for ISD 500m and 1732m, respectively. 

non-BL UE in CE ModeA could use dual layer DL reception 


	
It can be seen that there is virtually no throughput gain from dual layer transmission below the 50th percentile.

Even though a significant percentage of UEs receive rank-2 transmission, there is no benefit relative to single layer transmission

Based on the performance results, there does not seem to be any significant benefit from supporting dual-layer transmission in CE mode A.
	
The following question would have to be answered first:


-If it is appropriate that Non-BL UE stays in CE mode A rather than normal coverage mode at higher SNR than typical SNR region for BL/CE UE

-If the amount of power saving which can be achieved when UE reduces reception bandwidth but has to turn on another receiving antenna is enough to motivate Non-BL UE to support dual layer transmission in CE mdoe A

- If the throughput enhancement due to dual layer transmission is enough to compensate for the loss of benefits in normal coverage mode, e.g., various types of TMs and CSI feedback modes, available downlink subframes, OFDM symbols in control region, etc.
	
No repetitions and small number of repetitions are applicable for normal coverage and moderate coverage enhancement. And it can be seen from “Study on Self Evaluation towards IMT-2020 Submission” and other previous studies for eMTC that over 70% ~ 80% UEs fall into the SNR range of more than 0 dB. Moreover, in the existing RAN4 tests for eMTC, the performance requirements for normal coverage are considered around 10 dB. In this SNR range, rank-2 transmission can provide the obvious throughput gain compared to rank-1, especially for more than or equal to 4 Tx antennas.	-one-codeword to two-layer
	-RI reporting
	-TM4
	
The WID objective targets ‘extreme coverage for non-BL UEs’. “In our understanding, the extreme coverage assumes the SNR region from low to modest values which is inconsistent with dual layer reception”
	
Support only if performance gain is verified (Written prior the results presented in RAN1 #95).

For CE Mode A with a small coverage level, the improvement of transmission efficiency and peak data rate can also be expected. Considering the potential performance for CE Mode A, dual layer DL reception should be specified for non-BL UEs.

	 
Observation 1: Dual-layer downlink transmission performs much worse than single layer for the SNR range from -5dB to 0dB. 

Observation 2: No throughput gain is observed for TM3 dual layer transmission over TM2 transmission under extended coverage. 

Observation 3: No power saving is observed for narrowband mPDCCH monitoring compared to the wideband PDCCH monitoring at the good SNR range



	
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.

Conclusion	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 for non-BL UEs.


Until RAN1 #95, 2 out of 8 contributors declared supporters of “Dual-layer DL reception” [5, 8], 1 was uncertain awaiting for the results that were eventually presented during RAN1 #95 [10], and 5 companies declared against the support of “Dual-layer DL reception” based on the observed results [9, 11], theoretical analysis [12], use-case [6, 7], etc.
The two companies that remain supportive of “Dual-layer DL reception” based their views mainly on the following points:
· “It can be seen from a Study on Self Evaluation towards IMT-2020 Submission and other previous studies for eMTC that over 70% ~ 80% UEs fall into the SNR range of more than 0 dB”. However, the “DL geometry of Urban Macro - mMTC test environment” from the IMT-2020 evaluation that is being referred to, shows a CDF that accounts for ALL UEs, while the Work Item objective only refers to the UEs that require to make use of the enhanced coverage functionality. Thus, the figure doesn’t seem to be an appropriate reference because for non-BL UEs that require to make use of the enhanced coverage functionality the CDF of the “DL geometry” would look different.

· ”in the existing RAN4 tests for eMTC, the performance requirements for normal coverage are considered round 10 dB”. In our understanding, the RAN4 requirements cited above are “necessary in order to ensure that BL UEs perform well at high SNR but it cannot be seen as a representative operating point for non-BL UEs in CE mode”. In addition, an explanation of “CE mode versus Non-CE mode” can be found in Annex A.

Based on the status-analysis above, and the investigation performed in [12], we stick to the following observations and proposals.
[bookmark: _Toc1147242]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: _Toc1147243]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: _Toc1147244]Until RAN1 #95, only 2 out of 8 contributors declared supporters of “Dual-layer DL reception” [5, 8], 1 was uncertain awaiting for the results that were eventually presented during RAN1 #95 [10], and 5 companies declared against the support of “Dual-layer DL reception” based on the observed results [9, 11], theoretical analysis [12], use-case [6, 7], etc.
[bookmark: _Toc1147245]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 for non-BL UEs. 
2.3	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. An example of a “Codebook for 1-layer CSI reporting” is shown in the table below [13]:
Table 7.2.4-1: Codebook for 1-layer CSI reporting using antenna ports 15 to 22
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In the case of the table above, the indices i1 and i2 (both in a range from 0 to 15) are used by the base station to reconstruct the precoding matrix.
The question to be studied as part of this Work Item objective is whether the 8 CSI RS that would be transmitted at low SNR regions for CSI estimation purposes can be used by the UE to provide accurate values of i1 and i2 so the eNodeB can use them to select an appropriate precoding matrix. 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: _Toc1147246]The potential benefits of using feedback based on CSI-RS for beamforming-based transmission at SNR levels associated with enhanced coverage shall be evaluated (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.
Observation 3	Until RAN1 #95, only 2 out of 8 contributors declared supporters of “Dual-layer DL reception” [5, 8], 1 was uncertain awaiting for the results that were eventually presented during RAN1 #95 [10], and 5 companies declared against the support of “Dual-layer DL reception” based on the observed results [9, 11], theoretical analysis [12], use-case [6, 7], etc.
 
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 for non-BL UEs.
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 evaluated (e.g., in terms of improving the selection of the correct precoder).
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Annex A
A.1	CE mode versus Non-CE mode
The technical specification 36.300 in clause 23.7b states the following [14]:
A UE in enhanced coverage is a UE that requires the use of enhanced coverage functionality to access the cell. In this release of the specification two enhanced coverage modes (mode A, mode B) are supported.
As stated in the above definition, there is a tight relation between the UE’s location within the cell and the usage of the enhanced coverage functionality. 
In Rel-16, the work item objective on “Additional MTC enhancements for LTE” states “Specify CE mode A and B improvements for non-BL UE”, which as per the definition in TS 36.300 corresponds to a region where the UE is required to make use the enhanced coverage functionality. Figure 1 depicts a normal coverage region, and outer regions where the UE requires to make use of the enhanced coverage functionality.
[image: ]
Figure 1: Normal coverage region, and outer regions where the UE requires to make use of enhanced coverage functionality. 
The work item objective has listed five candidate techniques (see section 1), among which few or even only one of them may be feasible to operate and provide gains in a region where a non-BL is required to make use of the enhanced coverage functionality. Below we provide an analysis on the feasibility and potential benefits of supporting “Dual layer DL reception” and “Feedback based on CSI-RS” for non-BL UEs in enhanced coverage mode A (recall CE mode B has already been determined to be unfeasible for the RAN1 related techniques [3]). 
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