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1 Introduction
In RAN1 #88bis, the following has been agreed for CSI acquisition in NR [1]:
Agreements:
· For interference measurement, down selection from options will be conducted.

· NZP CSI-RS based

· Opt. A1: Estimation on NZP CSI-RS for channel estimation (by subtracting CSI-RS from Rx signal)

· Opt. A2: Emulation on NZP CSI-RS which is represented by multiplied value of channel and precoding matrix

· DM-RS based

· Opt. B1: Estimation on DM-RS for own data demodulation (by subtracting DM-RS from Rx signal)

· Opt. B2: Estimation on DM-RS for other UEs

· Criteria for design and down selection are as follows.

· Required RS densities

· UE processing latency

· Support of self-contained CSI reporting (if supported) at least depends on the location of IMR.

· FFS: Whether the emulation is performed at TRP side or UE side

· FFS: RAN1 specification impact, if any, on the options above

Agreements:
· Aperiodic IMR is triggered by DCI.

· Herein the IMR refers to ZP CSI-RS based IMR. Other types of IMR are FFS

· FFS: use of MAC CE to reduce the set of candidate IMRs among the resources configured in RRC.   

· FFS whether or not to jointly trigger aperiodic NZP CSI-RS and/or aperiodic ZP CSI-RS 

· FFS: semi-persistent IMR is activated/deactivated by MAC CE or DCI.

In this contribution, we discuss on remaining details for CSI acquisition in NR.

2 Discussion
IMR other than ZP-CSI-RS
Two candidates of reference signals such as NZP-CSI-RS and DM-RS have been considered as an additional IMR on top of ZP-CSI-RS. Considering that multiple TRPs and/or multiple panels can be used for a joint transmission and/or a coordinated operation, using NZP-CSI-RS as an IMR seems to be beneficial since a potential serving transmission point for a UE can become an interferer at some point. Therefore, NZP-CSI-RS should be supported as an additional IMR at least for NR and used for interference emulation. There has been a concern on the interference emulation complexity as a UE may need to measure channels and search PMI and/or RI to emulate interference. However, channel estimation from multiple NZP-CSI-RSs has been already supported for CoMP operation in LTE and the complexity of searching PMI and/or RI can be reduced by using a predefined PMI and/or RI as an example.
A DM-RS can be used for co-channel interference measurement when MU-MIMO is used. However, its measurement is limited to a scheduled bandwidth only and the co-channel interference can change dynamically as buffer status is different for each UE. Therefore, the benefit of using DM-RS as an additional IMR seems to be unclear.

Proposal 1: NZP-CSI-RS is supported as IMR for interference emulation but strive to reduce the interference emulation complexity
Rate-matching of CSI-RS
A downlink channel has been rate-matched around for a CSI-RS if it collides with a CSI-RS in a subframe in LTE. Otherwise, a significant performance degradation has been observed due to the interference. Although the CSI-RS patterns and its time/frequency location within a slot has not been agreed yet, it is obvious that a CSI-RS can collide with a downlink channel (e.g., PDSCH or NR-PDCCH) and it can happen in a UE-specific manner and aperiodically. Therefore, it seems to be straightforward that a rate-matching is used when a downlink channel collides with a CSI-RS irrespective of the CSI-RS types (e.g., ZP-CSI-RS and NZP-CSI-RS)

Proposal 2: rate-match around a downlink channel if it collides with a CSI-RS irrespective of the CSI-RS types

For the periodic CSI-RSs, since a CSI-RS is transmitted in a UE-specific manner, rate-matching of CSI-RS is relatively easier as a gNB can configure zero-power CSI-RSs which may be overlapped with CSI-RSs used for other UEs. Therefore, the CSI-RS interference can be minimized for a PDSCH reception. However, for aperiodic CSI-RS and semi-persistent CSI-RS, indicating ZP-CSI-RSs to rate-match around PDSCH for the CSI-RSs used for other UEs in the same slot seems to be complicated or require a lot of signaling overhead as there are a lot of CSI-RS combinations with a CSI-RS resource pool. In addition, rate-match around PDSCH for all CSI-RS resources in a CSI-RS resource pool seems to be a waste of resource as only few of them could be activated in a slot.
For efficient rate-matching of PDSCH for the activated CSI-RSs in a slot, a common DCI which provides a set of active CSI-RSs in the slot can be used so that a UE scheduled in the same slot can rate-match around the scheduled PDSCH for the activated CSI-RSs in the same slot. If the set of active CSI-RSs is signaled in the UE-specific DCI, the DCI size gets increased permanently, thus resulting in control coverage loss even though an aperiodic CSI-RS and/or a semi-persistent CSI-RS are activated in a subset of slots.

Therefore, using a common DCI to indicate activated CSI-RSs for PDSCH rate-matching purpose seems to be beneficial.

Proposal 3: a common DCI is used to indicate activated CSI-RSs for PDSCH rate-matching in a slot

3 Conclusion

We discuss on the remaining issues for CSI acquisition. From the discussions, we propose the following:
Proposal 1: NZP-CSI-RS is supported as IMR for interference emulation but strive to reduce the interference emulation complexity

Proposal 2: rate-match around a downlink channel if it collides with a CSI-RS irrespective of the CSI-RS types

Proposal 3: a common DCI is used to indicate activated CSI-RSs for PDSCH rate-matching in a slot
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