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1 Introduction
In RAN1 #89, the following has been agreed for CSI acquisition in NR [1]:
Working assumption:

· Support at least NZP CSI-RS based interference measurement 

· select at least one of following scheme

· Scheme-1: Estimation on NZP CSI-RS for channel estimation (by subtracting NZP CSI-RS from Rx signal)

· Scheme-2: Emulation on NZP CSI-RS which is represented by multiplied value of channel and precoding matrix

· Aim to conclude whether to support one of them or both in the next RAN1 meeting

· FFS whether or not to support signaling of power boosting for NZP CSI-RS

· Other schemes are not precluded

· FFS whether or not support DM-RS based interference measurement, aim to decide in the next RAN1 meeting

· Companies are strongly encouraged to carry out analysis of the resulting overhead comparing NZP CSI-RS and DM-RS based approaches (e.g., as in contribution R1-1709452)

Agreements:

· Support following features for NR CSI acquisition

· FFS Frequency domain subset restriction

· FFS on number of configurable subsets

· FFS on detailed signaling/configuration

· FFS measurement restriction of interference measurement

· FFS on measurement restriction of channel measurement 

· For time domain, measurement restriction of channel and interference measurement

· CSI reporting via short duration PUCCH

· FFS on detailed setting in CSI reporting setting

· CSI reporting via long duration PUCCH

· FFS on detailed setting in CSI reporting setting

· PUCCH reporting which is contained in a single slot

· FFS on PUCCH reporting which is contained in multiple slots

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

2 Discussion
NZP CSI-RS as an IMR
It has been agreed as a working assumption that a NZP-CSI-RS can be used as an IMR as it is beneficial in terms of signaling overhead when multiple TRPs and/or multiple panels are used for a joint transmission and/or a coordinated operation. Note that a serving TRP for a UE at a time can become an interferer at another time. Therefore, an interference emulation using a NZP-CSI-RS for joint transmission and/or a coordinated operation seems to be beneficial for NR. On the other hand, it is unclear whether an interference estimation using NZP-CSI-RS can provide any benefit as the interference estimation should be done after subtracting the transmitted NZP-CSI-RS. Note that, in general, NZP-CSI-RS density in frequency domain is very sparse which results in poor channel estimation accuracy. Therefore, the interference estimation would be also inaccurate due to imperfect serving cell signal cancellation.

Proposal 1: confirm the working assumption and support at least scheme-2 for interference emulation using NZP-CSI-RS

UE-selected subband reporting
A UE-selected subband reporting has been supported in LTE as it can reduce CSI feedback overhead while a network schedule can acquire CSI for the best N subbands. The UE-selected subband reporting is beneficial especially when a system bandwidth wide and/or the number of subband is large as it will significantly reduce the overhead. Considering that a wider system bandwidth is supported for NR, it is straightforward to support UE-selected subband reporting to reduce the CSI feedback overhead while supporting frequency selective scheduling with the CSIs for the best N subbands. 
As similar to LTE, a wideband CSI reporting should be supported on top of the best N subbands CSI so that a gNB has at least a coarse CSI information for the other subbands, thus avoiding a scheduling restriction due to the absence of the CSI information or supporting a proper link adaptation when the other subbands are used for scheduling.
Proposal 2: a UE-selected subband CSI reporting is supported with a wideband CSI reporting 

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 3: 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 4: 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: confirm the working assumption and support at least scheme-2 for interference emulation using NZP-CSI-RS

Proposal 2: a UE-selected subband CSI reporting is supported with a wideband CSI reporting 

Proposal 3: rate-match around a downlink channel if it collides with a CSI-RS irrespective of the CSI-RS types

Proposal 4: a common DCI is used to indicate activated CSI-RSs for PDSCH rate-matching in a slot
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