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Introduction
At RAN #80 meeting, a new work item (WI) on Rel-16 MTC enhancements was approved [1]. One objective of the WI is to specify CE mode A and B improvements for non-BL UEs from among the following list [RAN1, RAN2, RAN4]:
· 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 and #94bis meeting, the following agreements were made regarding the CE mode A and B improvements for non-BL UEs [2] [3]:
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

Agreement 
Dual-layer transmission is not supported for non-BL UEs in CE mode B

Agreement 
CSI-RS based CSI feedback is not supported for non-BL UEs at least in CE mode B

In RAN1 #95 meeting, some additional agreements were further made [4]:
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

In this contribution, we present our views on the support of dual layer reception and CSI feedback based on CSI-RS in CE mode A. In addition, we discuss about how to enable CSI-RS for non-BL UEs in CE mode A, if it is agreed to be introduced. 

The need of dual layer reception and CSI-RS based CSI feedback
The benefit of DL dual layer reception feature can be harvested only in the region from moderate to high SNR values [5]. It is unclear why a non-BL UE would stay in CE mode A performing dual layer reception instead of doing it in normal coverage mode. One motivation expressed by some companies during the online discussion on evaluation parameters for dual layer simulations triggered after RAN1#94bis is to reduce the UE bandwidth for power saving purposes. However, from the UE perspective, a larger power saving gain can be achieved by switching off all Rx chains except only one. In this case, staying in CE mode A is justified by compensation of coverage losses caused by using only one Rx antenna. Of course, it’s obvious that dual layer reception is impossible in this situation.
Another aspect here is the WID objective which targets ‘extreme coverage for non-BL UEs’ [1]. In our understanding, the extreme coverage assumes the SNR region from low to modest values which is inconsistent with dual layer reception. Based on the reasoning above, we propose not to support DL dual layer reception for non-BL UEs in CE mode A.

Proposal 1:
· DL dual layer reception is not supported for non-BL UEs in CE mode A.

Considering the fact that the WID instructs to consider the potential introduction of this feature without mandating specifying it, it is imperative to consider further whether or not CSI-RS based CSI feedback merits introduction in Rel-16. In this regard, we share similar concerns as some other companies on the introduction of CSI-RS based CSI feedback, considering the marginal achievable gain in practice, at the cost of significant UE implementation efforts and large spec impact as detailed in the following sections.
Even in the SNR region relevant to CE mode A, the achievable accuracy of CSI feedback based on CSI-RS may not be sufficient to justify the use of CSI-RS over CRS-based CSI feedback. Furthermore, as discussed in the following, repetitions of CSI-RS and measurements over longer periods (even when considering new CSI-RS patterns with increased density) would be necessary due to the much lower density of CSI-RS and the target SNR regime of operation, leading to additional latency of the CSI feedback as well as increased UE power consumption. The resulting benefits in terms of achievable throughput is likely not sufficient to offset these shortcomings. 

Observation 1:
· The benefits of CSI-RS-based CSI feedback may be quite limited considering the impact to UE complexity and achievable throughput gains even in CE mode A.

With this backdrop, in the following sections, we present our views on how the feature may need to be designed if agreed to be introduced.

Design of CSI-RS based CSI feedback
Configuration of CSI-RS repetition in consecutive subframes
According to the current LTE Rel-15 technical specifications, the CSI-RS configurations do not assume repetition of CSI-RS. However, the repetition of signal over time is the main enabler of CE mode. Therefore, it would be necessary to introduce a parameter which indicates the number of consecutive subframes with repeated CSI-RS to non-BL UE. For that purpose, a new parameter , which may take values different from the already defined parameter  (csi-NumRepetitionCE), can be introduced to control the number of subframes with repeated CSI-RS.
The basic concept of CSI-RS repetition is depicted in Figure 1, where two options (Opt-A and Opt-B) are present.
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In Opt-A from Figure 1, the repetitions occur only in BL/CE subframes and avoid the subframes not valid for BL/CE UEs. In Opt-B, the CSI-RS repetitions occur over all subframes, though some of the repeated CSI-RS subframes are not available for BL/CE UEs.
In order to fit multiple repetitions of CSI-RS into CSI-RS periodicity, additional value of  is expected, where  is the CSI-RS periodicity.

Proposal 2:
· If CSI-RS based CSI measurement is introduced,
· Repetitions of CSI-RS over consecutive  subframes for non-BL UEs in CE mode should be defined.
· CSI-RS periodicity  larger than 80 subframes needs to be introduced.

CSI-RS configurations and max number of antenna ports
Regarding the CSI-RS configuration for non-BL UEs in CE mode, it is proposed to reuse the same configuration as what is defined for non-BL/CE UEs. However, the current LTE specification assumes up to 8 antenna ports for CSI-RS in TM9 (and even higher if eMIMO feature is configured). On the other hand, the max number of antenna ports for DMRS of PDSCH or MPDCCH in CE mode is 4. In this case, it is also proposed to limit the max number of CSI-RS antenna ports for non-BL UEs in CE mode to be 4. 

Proposal 3:
· If CSI-RS based CSI measurement is introduced, reuse the existing CSI-RS configurations defined in 3GPP TS 36.211 for 1, 2 and 4 antenna ports for non-BL UEs in CE mode.

Considerations on the RE density of CSI-RS
Due to the proposed lower number of CSI-RS antenna ports (max 4 instead of 8), it is possible to increase the density of CSI-RS REs at the expense of REs previously allocated for excluded antenna ports. This can be illustrated by Figure 2, where REs allocated for CSI-RS ports denoted by numbers from 4 to 7 now can be reused for transmission of CSI-RS ports denoted by numbers from 0 to 3.
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Figure 2. Illustration of CSI-RS configurations for 8 CSI-RS ports where REs occupied by ports denoted by numbers 4-7 can be reused for non-BL UEs in CE mode to repeat transmission of CSI-RS ports denoted by 0-3.

Proposal 4:
· If CSI-RS based CSI measurement is introduced, CSI-RS configurations with increased density of CSI-RS REs should be considered.

Conclusion
In this contribution, we discuss the support of DL dual layer reception and CSI-RS based CSI measurement. Based on the discussion, we made the following observation and proposals:
Observation 1:
· The benefits of CSI-RS-based CSI feedback may be quite limited considering the impact to UE complexity and achievable throughput gains even in CE mode A.

Proposal 1:
· DL dual layer reception is not supported for non-BL UEs in CE mode 

Proposal 2:
· If CSI-RS based CSI measurement is introduced,
· Repetitions of CSI-RS over consecutive  subframes for non-BL UEs in CE mode should be defined.
· CSI-RS periodicity  larger than 80 subframes needs to be introduced.

Proposal 3:
· If CSI-RS based CSI measurement is introduced, reuse the existing CSI-RS configurations defined in 3GPP TS 36.211 for 1, 2 and 4 antenna ports for non-BL UEs in CE mode.

Proposal 4:
· If CSI-RS based CSI measurement is introduced, CSI-RS configurations with increased density of CSI-RS REs should be considered.
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