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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
· [bookmark: _Hlk3390378]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]. RAN1 has held discussions on the above-mentioned candidate techniques from RAN1 #94bis until RAN1 #96 [3-5], being the most recently reached agreements, the ones listed below.

	Dual layer DL reception

	
Conclusion
· RAN1 has no consensus on the support for dual layer DL reception for non-BL UEs in CE mode A in Rel-16





	Feedback based on CSI-RS

	
Agreement
[bookmark: _Hlk3391811]Existing Rel-15 CSI-RS based CSI feedback is supported for non-BL CE UEs operating CE mode A. FFS on:
· [bookmark: _Hlk3406723]The number of CSI-RS ports
· [bookmark: _Hlk3981093]CSI feedback mechanism
· [bookmark: _Hlk3984765]Resource assignment issue due to REs used for CSI-RS




[bookmark: _Hlk3390575]Based on the most recent agreements, this contribution will focus on “Feedback based on CSI-RS”, discussing what in our view would be the most suitable setup and model for 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	Feedback based on CSI-RS
In RAN1 #96, the potential benefits of supporting “Feedback based on CSI-RS” for non-BL UEs using enhanced coverage functionality were discussed. A set of simulation results presented in [6], compared the “Throughput ratio between CSI-RS based 8Tx PMI feedback and CRS based 4Tx PMI feedback” showing promising gains in a SNR region that truly correspond to CE Mode A. 
Based on the above-mentioned results, RAN1 decided that the “Existing Rel-15 CSI-RS based CSI feedback is supported for non-BL CE UEs operating CE mode A.” The above agreement was accompanied by a list of FFSs that will be discussed below once we have provided an analysis on what in our view would be the most suitable setup and model for supporting “Feedback based on CSI-RS”.
2.1.2	Setup and model for supporting “Feedback based on CSI-RS”
2.1.2.1	Number of CSI-RS ports
One fundamental question on the support of “Feedback based on CSI-RS” is determining how many CSI-RS ports are to be used? (this has been listed as part of the FFS: “The number of CSI-RS ports”). The simulation results presented in [6], assumed the use of 8 CSI-RS ports which outperformed a CRS scheme based on 4Tx PMI feedback.
[bookmark: _Hlk3409869]Fundamentally speaking, in a beamforming-based scheme increasing the number of antenna elements in an array will make the beam sharper (i.e., an increased number of antennas helps to maximize the received energy at the receiver). In Figure 1, this is illustrated by comparing the resulting beam of an array composed by four and eight antenna elements respectively.
	

	



Figure 1: Resulting beam of an array composed by four and eight antenna elements respectively [7].
[bookmark: _Hlk3409896]The elements in an array can also be arranged differently (e.g., square shape) to produce different radiation forms. In LTE, applying a specific precoding matrix is used for modifying the beam, the above was just an example to highlight the relevance of increasing the number of antenna elements in terms of the sharpness of the beam. Hence, for the support of “Feedback based on CSI-RS” for non-BL UEs in CE mode A we propose to use 8 CSI-RS ports.
[bookmark: _Toc4767397]Fundamentally speaking, in a beamforming-based scheme increasing the number of antenna elements in an array will make the beam sharper (i.e., an increased number of antennas helps to maximize the received energy at the receiver).
[bookmark: _Toc4767666]8 CSI-RS ports are used to support “Feedback based on CSI-RS” for non-BL UEs in CE mode A.
2.1.2.2	Number of Layers
As part of this work item objective, RAN 1 studied the feasibility of using more than one layer in DL for a SNR region where the UE requires the use of enhanced coverage functionality to access the cell. The findings collected in [6] and [8-10], led to the RAN1’s conclusion of not using more than one layer in CE Mode A. Hence, the support of “Feedback based on CSI-RS” for non-BL UEs in CE Mode A shall use a single layer only. This, at the same time means that there won’t be any need for reporting the rank indicator (RI).
[bookmark: _Toc4767398]The findings collected during this WI objective (e.g., see [8-10]), have led to the RAN1’s conclusion of not using more than one layer in DL for CE Mode A.
[bookmark: _Toc4767667]Single-layer beamforming is used to support “Feedback based on CSI-RS” for non-BL UEs in CE mode A.
[bookmark: _Toc4767668][bookmark: _Hlk3978357]A rank indicator (RI) is not reported for the support of “Feedback based on CSI-RS” for non-BL UEs in CE mode A.
2.3.2.3	Transmission Mode
[bookmark: _Hlk3980274]Previously it was mentioned the benefit of using 8 CSI-RS ports for supporting “Feedback based on CSI-RS”, and the reasons for using at most one-layer in CE Mode A. Accounting for the above mentioned principles, in our view the legacy transmission mode 9 (TM9) can be re-used for the support of “Feedback based on CSI-RS” for non-BL UEs in CE mode A.
For example, the codebook based on Precoding Matrix Indicator (PMI) feedback described in Table 7.2.4-1 of TS 36.213 can be re-used [11]. This addresses the FFS regarding the “CSI feedback mechanism”.
[bookmark: _Hlk3980526]Table 7.2.4-1: Codebook for 1-layer CSI reporting using antenna ports 15 to 22
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[bookmark: _Toc4767399]The benefit of using 8 CSI-RS ports for supporting “Feedback based on CSI-RS”, along with the reasons for using at most one-layer in CE Mode A, are principles that can be fulfilled by re-using TM9.
[bookmark: _Toc4767669][bookmark: _Hlk3987845]TM9 is used to support “Feedback based on CSI-RS” for non-BL UEs in CE mode A.
· [bookmark: _Toc4767670]Working Assumption:  Table 7.2.4-1: Codebook for 1-layer CSI reporting using antenna ports 15 to 22.
2.3.2.4	FFS on “Resource assignment issue due to REs used for CSI-RS”
[bookmark: _Hlk3988734][bookmark: _Hlk3988578]In RAN1 #96 it was brought up in [12], that “According to the current specification, REs occupied by CSI-RS transmission are counted in the MPDCCH/PDSCH mapping but not used for transmission of the MPDCCH/PDSCH”. In our view, the above statement is meaningful/applicable for Rel-16 UEs. That is, a Rel-16 UE supporting “Feedback based on CSI-RS” will be able to at least puncture the REs occupied by CSI-RS when preparing the transmission of MPDCCH/PDSCH.
[bookmark: _Toc4767400]In RAN1 #96, it was brought up that “According to the current specification, REs occupied by CSI-RS transmission are counted in the MPDCCH/PDSCH mapping but not used for transmission of the MPDCCH/PDSCH”, which can be seen as a puncturing mechanism that is meaningful/applicable for Rel-16 UEs supporting “Feedback based on CSI-RS”.
[bookmark: _Toc4767671]A new rate-matching rule is not supported.
· [bookmark: _Toc4767672]UEs supporting “Feedback based on CSI-RS” will be able to puncture REs occupied by CSI-RS when preparing the transmission of MPDCCH/PDSCH.
Conclusion
In the previous sections we made the following observations:

Observation 1	Fundamentally speaking, in a beamforming-based scheme increasing the number of antenna elements in an array will make the beam sharper (i.e., an increased number of antennas helps to maximize the received energy at the receiver).
Observation 2	The findings collected during this WI objective (e.g., see [8-10]), have led to the RAN1’s conclusion of not using more than one layer in DL for CE Mode A.
Observation 3	The benefit of using 8 CSI-RS ports for supporting “Feedback based on CSI-RS”, along with the reasons for using at most one-layer in CE Mode A, are principles that can be fulfilled by re-using TM9.
Observation 4	In RAN1 #96, it was brought up that “According to the current specification, REs occupied by CSI-RS transmission are counted in the MPDCCH/PDSCH mapping but not used for transmission of the MPDCCH/PDSCH”, which can be seen as a puncturing mechanism that is meaningful/applicable for Rel-16 UEs supporting “Feedback based on CSI-RS”.
 
Based on the discussion in the previous sections we propose the following:
Proposal 1	8 CSI-RS ports are used to support “Feedback based on CSI-RS” for non-BL UEs in CE mode A.
Proposal 2	Single-layer beamforming is used to support “Feedback based on CSI-RS” for non-BL UEs in CE mode A.
Proposal 3	A rank indicator (RI) is not reported for the support of “Feedback based on CSI-RS” for non-BL UEs in CE mode A.
Proposal 4	TM9 is used to support “Feedback based on CSI-RS” for non-BL UEs in CE mode A.
 Working Assumption:  Table 7.2.4-1: Codebook for 1-layer CSI reporting using antenna ports 15 to 22.
Proposal 5	A new rate-matching rule is not supported.
 UEs supporting “Feedback based on CSI-RS” will be able to puncture REs occupied by CSI-RS when preparing the transmission of MPDCCH/PDSCH.
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