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1. Introduction
In RAN#80 a new work item (WI) on Rel-16 MTC enhancements for LTE was agreed. One of the WI objectives is to specify CE mode A and B improvements for non-BL UEs [1]. In particular, specify CSI feedback based on CSI-RS. In this contribution, we express our views on how to enable CSI-RS for non-BL UEs in CE mode.

2. 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’s proposed 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 different values than the already defined parameter  (csi-NumRepetitionCE), is 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.


[bookmark: _Ref521715360]Figure 1. Example burst transmission of CSI-RS with multiple consecutive repetitions
In Opt-A from Figure 1, the repetitions happen only in BL/CE subframes and avoid the subframes not allowed for BL/CE UEs. In Opt-B, the CSI-RS repetition happens 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, it’s proposed to introduce additional value of , where  is the CSI-RS periodicity.

Proposal 1:
· Introduce repetitions of CSI-RS over consecutive  subframes for non-BL UEs in CE mode.
· Introduce the CSI-RS periodicity  larger than 80 subframes.

3. CSI-RS configurations and max number of antenna ports
Regarding the CSI-RS configuration for non-BL UEs in CE mode, it’s proposed to reuse the same configuration defined for non-BL/CE UEs. However, the current LTE specification assumes upto 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’s also proposed to limit the max number of CSI-RS antenna ports for non-BL UEs in CE mode also to 4. 

Proposal 2:
· The existing CSI-RS configurations defined in 3GPP TS 36.211 for 1,2 and 4 antenna ports are reused for non-BL UEs in CE mode.

4. Frequency domain considerations
For CSI feedback, the UE may assume that CSI-RS is transmitted across the whole system bandwidth. However, the non-BL UE in CE mode may be configured with a smaller DL bandwidth, e.g., 6, 25 (100 is the maximum) PRBs. In this case, it’s proposed to introduce new parameters into the CSI-RS configuration to limit the bandwidth of CSI-RS for CSI measurements and feedback for non-BL UEs in CE mode. The parameters limiting the bandwidth of CSI-RS for the non-BL UEs in CE mode may include starting PRB and number of PRBs were the UE shall expect CSI-RS transmission. Otherwise, the non-BL UE in CE mode shall not assume CSI-RS transmission beyond its signal bandwidth or configured signal bandwidth. When the signal bandwidth of BL/CE UE is 6 PRB it may be configured to perform CSI-RS based measurements across all narrowbands (NBs) configured for that UE for MPDCCH monitoring in connected mode.

Proposal 3:
· Introduce frequency domain restrictions on the CSI-RS for non-BL UEs in CE mode.

5. 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.
[image: ]
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 0-1.

Proposal 4:
· Introduce CSI-RS configurations with increased density of CSI-RS REs.

6. Conclusions
[bookmark: _GoBack]In this contribution, we discussed considerations on CSI-RS for non-BL UEs in CE mode. Our proposals are summarized as below:

Proposal 1:
· Introduce repetitions of CSI-RS over consecutive  subframes for non-BL UEs in CE mode.
· Introduce the CSI-RS periodicity  larger than 80 subframes.

Proposal 2:
· The existing CSI-RS configurations defined in 3GPP TS 36.211 for 1,2 and 4 antenna ports are reused for non-BL UEs in CE mode.

Proposal 3:
· Introduce frequency domain restrictions on the CSI-RS for non-BL UEs in CE mode.

Proposal 4:
· Introduce CSI-RS configurations with increased density of CSI-RS REs.
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