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1. Introduction
In RAN1#90 meeting, signaling method for CSI-RS and CSI reporting were discussed in online and offline. The discussed proposals are captured as following [1]:
	Proposals:
· Support RRC + DCI signaling for aperiodic CSI-RS transmission (as working assumption and could be revisited according to the final decided maximum CSI-RS resources)
· Support RRC + DCI signaling for aperiodic CSI reporting
· Support RRC + MAC CE signaling for semi-persistent CSI-RS transmission
· Support RRC + MAC CE signaling for semi-persistent CSI reporting



In this contribution, we discuss the views on CSI measurement for NR-MIMO and CSI acquisition for reciprocity based operation. For interference measurement, we especially focus on ZP CSI-RS based IMR of which the design should be finalized by the end of this year.

2. Remaining issues on ZP CSI-RS based IMR
2.1. Time domain behavior
For IMR, aperiodic and periodic ZP-CSI-RS based IMR is agreed to be supported in RAN1#88. Aperiodic ZP-CSI-RS based IMR is beneficial in terms of reflecting dynamic nature of interference and flexible usage of DL/UL resources, i.e., avoid ‘always-on’ resource reserved per UE basis. Periodic ZP CSI-RS based IM is beneficial in terms of interference measurement accuracy by allowing time averaging on rather stable interference environments and no necessity of dynamic signaling. In the similar context to the periodic ZP CSI-RS based IMR, semi-persistent ZP CSI-RS based IMR is beneficial on stable interference situation but gives more flexibility on the usage of resources by dynamic activation and deactivation. This feature is an essential part in NR to support forward compatibility and dynamic multiplexing of different services. It is also important in the aspect of supporting flexible and dynamic TDD operations. In addition, especially if semi-persistent reporting is configured to UE with semi-persistent NZP CSI-RS for channel measurement, it is quite natural to configure IMR semi-persistently as well rather than periodically or aperiodically. Therefore, semi-persistent ZP CSI-RS based IMR should be supported in NR, which is currently a working assumption.
Proposal 1: Confirm the working assumption: Support semi-persistent ZP CSI-RS for interference measurement.

Allowing flexible measurement settings is desirable for NR, which may include supporting any combinations between aperiodic/semi-persistent/periodic resource setting for channel measurement and aperiodic/semi-persistent/periodic resource setting for interference measurement. More specifically, considering semi-persistent or periodic CSI reporting, semi-persistent or periodic resources needs to be supported to avoid or minimize L1/L2 control signaling. Also, aperiodic CSI-RS setting can be associated with semi-persistent or periodic IMR for aperiodic CSI reporting. Conversely, semi-persistent or periodic NZP CSI-RS can also be associated with aperiodic IMR for aperiodic CSI reporting. 
Proposal 2: Following combinations are supported for CSI reporting:
· Note: abbreviation of the table
· CMR(channel measurement resource): NZP CSI-RS configured for channel measurement
· IMR(interference measurement resource): ZP CSI-RS configured for interference measurement
· PR(periodic), SP(semi-persistent), AP(aperiodic)
· For periodic CSI reporting, following combination is supported.
	
	PR CMR
	SP CMR
	AP CMR

	PR IMR
	O
	X
	X

	SP IMR
	X
	X
	X

	AP IMR
	X
	X
	X


· For semi-persistent CSI reporting, following combinations are supported.
	
	PR CMR
	SP CMR
	AP CMR

	PR IMR
	O
	O
	X

	SP IMR
	O
	O
	X

	AP IMR
	X
	X
	X


· For aperiodic CSI reporting, following combinations are supported.
	
	PR CMR
	SP CMR
	AP CMR

	PR IMR
	O
	O
	O

	SP IMR
	O
	O
	O

	AP IMR
	O
	O
	O



2.2. Frequency domain behavior
Partial band CSI-RS is agreed to be supported in addition to wideband CSI-RS, and in RAN1 NR Ad-hoc#2, there was an agreement that partial band could be the same as BWP for CSI-RS. It is under discussion whether to allow configuring partial band smaller than BWP or not. One of the main motivation of introducing partial band CSI-RS was to measure different CQI in case of different services are multiplexed within a wideband carrier. In a similar context, IMRs are also required to be configured correspond to the band configuration of the corresponding NZP CSI-RS for channel measurement to obtain partial band CSI. In NR phase I, only one BWP will be active at a time but dynamic BWP switching will be supported using DCI and/or MAC CE. Since CSI related settings are configured in RRC, NR should configure partial band information (e.g. BWP) at each NZP and ZP CSI-RS resource setting. If the numerology of BWPs are different, a measurement gap can be configured for supporting UE’s measurements across multiple BWPs similarly to intra-frequency measurement across CCs. 
Proposal 3: BWP information should be configured in each resource setting in order to support dynamic switching of BWPs.
· Periodic resources for the active BWP are automatically activated for measurement and reporting.
· Resources for the inactive BWPs are to be measured only when requested by network in a measurement gap. 
· Note: each resource setting can contain either NZP CSI-RS resources or ZP CSI-RS resources for channel or interference measurements.

2.3. ZP CSI-RS configuration
Based on the discussions above, following parameters can be considered for ZP CSI-RS configuration:
· RE pattern within a PRB
· [RB-level frequency density]
· Time domain behavior
· Periodicity and slot offset for periodic/semi-persistent ZP CSI-RS based IMR
· Band configuration
Since the major functionality of the ZP CSI-RS based IMR is the power estimation of data REs from interfering sources(e.g. TRP), the RE patterns does not necessarily follow the RE patterns for NZP CSI-RS. In this regard, LTE used (2,2) RE pattern only. In NR, we should strive for minimizing the number of RE patterns for ZP CSI-RS in this regard. It seems one RE pattern would be enough, e.g. (2,1), (4,1) or (2,2), but we can also consider configurable RE patterns to provide more network flexibility with respect to interference measurement accuracy and the target REs to be overlapped to (e.g. possibly NZP CSI-RS as well as PDSCH REs of the interferer). 
RB-level frequency density, i.e., repetition of ZP CSI-RS RE pattern on every N-th PRB within a configured bandwidth is another consideration point. NZP CSI-RS supports two density values, d=1 and d=0.5. Considering the fact that the overhead for ZP CSI-RS is not very severe compared to NZP CSI-RS with a large number of ports, we could fix the density of ZP CSI-RS to d=1. In this case, parameters indicating RB-level density for ZP CSI-RS is not required, or just ignored if configured.
Based on the discussions above, we propose the following:
Proposal 4: Following ZP CSI-RS configuration is supported in NR.
· One or Two RE patterns among (2,1), (4,1), and (2,2)
· [bookmark: _GoBack]If two RE patterns are supported, it is configurable by network.
· RB-level frequency density is fixed to one. (i.e. same RE locations in every PRB)

3. Signaling aspects for measurement and reporting
For aperiodic CSI-RS triggering, following two options were listed in RAN1#88bis:
•	Option 1: use RRC + MAC CE + DCI 
•	Option 2: use RRC + DCI
In LTE eFD-MIMO, Option 1 was adopted to control DCI overhead within a reasonable range. In NR, the maximum configurable number of CSI-RS resources is expected to be increased due to the existence of resource sets and resources within it. Accordingly, adopting Option 1 seems more reasonable as well in NR. Similarly to the semi-persistent CSI-RS and IMR case, joint triggering can be also considered when aperiodic IMR is configured with aperiodic CSI-RS.
Proposal 5: Use RRC + MAC CE + DCI for triggering aperiodic NZP/ZP CSI-RS.

For DCI signaling for triggering aperiodic ZP CSI-RS based IMR, separated signaling from aperiodic CSI reporting triggering needs to be supported, for similar reasons with the NZP CSI-RS triggering discussed in our companion contribution[2]. It should be noted that CSI framework is being designed for supporting more flexible operations providing more options on different combinations of time and frequency domain behaviors and via decoupling RS related settings and reporting related settings. For highest flexibility, we can define three separated DCI fields: one for AP CSI reporting triggering (UL DCI), one for AP NZP CSI-RS based channel measurement triggering (UL or DL DCI), one for AP ZP CSI-RS based interference measurement triggering (UL or DL DCI). Considering that NZP CSI-RSs and ZP CSI-RSs can be measured together for channel and interference for a CSI reporting, joint triggering of NZP and ZP CSI-RS can also be considered for reduced DCI signaling overhead. In this case, either or both of NZP CSI-RS resources and ZP CSI-RS resources can be configured each DCI state via RRC and/or MAC CE. If a state include NZP CSI-RS resource(s) only, this state can be used to trigger aperiodic NZP CSI-RS most likely combined with semi-persistent/periodic ZP CSI-RS for interference measurement. If a state include ZP CSI-RS resource(s) only, this state can be used to trigger aperiodic IMR most likely combined with semi-persistent/periodic NZP CSI-RS for channel measurement. If a state include both NZP CSI-RS and ZP CSI-RS, this state can be used to jointly trigger aperiodic NZP CSI-RS for channel measurement and aperiodic ZP CSI-RS for interference measurement. A state can be reserved for the cases where no CSI-RS triggering is needed.
<Table 1. Example of DCI states for indicating RS group for CSI measurement with 2-bit field>
	DCI field
	Description

	00
	No measurement

	01
	One aperiodic NZP CSI-RS resource for channel measurement

	10
	One aperiodic ZP CSI-RS resource for interference measurement

	11
	One aperiodic NZP CSI-RS resource + One aperiodic ZP CSI-RS resource


Proposal 6: Consider following dynamic signaling method for NZP CSI-RS resource for channel measurement and ZP CSI-RS based interference measurement:
· Option 1: Separate DCI fields for triggering NZP CSI-RS resource for channel measurement and ZP CSI-RS based interference measurement 
· Option 2: Common DCI field for triggering either or both NZP CSI-RS resource for channel measurement and ZP CSI-RS based interference measurement

4. CSI acquisition for reciprocity based operation 
In TDD system, DL channel direction can be derived from SRS thanks to channel reciprocity and as a result transmission beam vectors can be determined without PMI feedback. Also, to determine MCS level in TDD system, gNB compensates TxD CQI that UE reports. However, it is difficult for gNB to reflect inter-layer/inter-cell interference cancellation/suppression capability of UE into CQI compensation. From our understanding, port wise beamformed CSI-RS guarantees that CQI captures this interference cancellation effect and can reduce MCS mismatch as a consequence.
Observation 1: port wise beamformed CSI-RS can support that CQI captures this interference cancellation effect and can reduce MCS mismatch as a consequence.

In the following paragraph, we describe how the port wise beamformed CSI-RS works. First, gNB estimates DL channel from SRS and calculates beam vectors based on strong eigenvector of the channel. Then, it transmits CSI-RS, on each of whose ports the beam vectors are applied. For example, from estimated DL channel, gNB calculates four beam vectors v1, v2, v3 and  v4 in the order of eigen value and transmits 4 ports CSI-RS, whose port i is beamformed by vi. Each of these beam vectors may generate orthogonal 2-D beam. After estimating channel from the beamformed CSI-RS, UE calculates CQI and RI in the way the proposal suggests. Since CSI-RS port i is beamformed by 2-D beam vector vi, UE naturally calculates CQI it can achieve when this beam vectors are used, in this step. For example, if UE reports RI=2, CQI is calculated assuming rank 2 SU-MIMO transmission with transmit beam vector v1 and v2. If UE uses MMSE Rx beamforming or MMSE IRC, inter-layer or inter-cell interference cancellation/suppression capability of the UE is reflected in the CQI. After receiving the RI and the CQI, gNB can schedule the UE by using beam vectors v1 to vRI and the reported CQI. Since the above whole procedure requires UE specific beamformed CSI-RS, measurement restriction can be used to reduce the CSI-RS overhead.
Proposal 7: port wise beamformed CSI-RS and CQI calculation based on port selection can be considered as CSI reporting enhancement targeting TDD system.

5. Conclusion
This contribution discussed views on CSI measurement and acquisition for NR-MIMO, including reciprocity based operation. Following observation and proposals are given, based on the discussion:
Proposal 1: Confirm the working assumption: Support semi-persistent ZP CSI-RS for interference measurement.
Proposal 2: Following combinations are supported for CSI reporting:
· Note: abbreviation of the table
· CMR(channel measurement resource): NZP CSI-RS configured for channel measurement
· IMR(interference measurement resource): ZP CSI-RS configured for interference measurement
· PR(periodic), SP(semi-persistent), AP(aperiodic)
· For periodic CSI reporting, following combination is supported.
	
	PR CMR
	SP CMR
	AP CMR

	PR IMR
	O
	X
	X

	SP IMR
	X
	X
	X

	AP IMR
	X
	X
	X


· For semi-persistent CSI reporting, following combinations are supported.
	
	PR CMR
	SP CMR
	AP CMR

	PR IMR
	O
	O
	X

	SP IMR
	O
	O
	X

	AP IMR
	X
	X
	X


· For aperiodic CSI reporting, following combinations are supported.
	
	PR CMR
	SP CMR
	AP CMR

	PR IMR
	O
	O
	O

	SP IMR
	O
	O
	O

	AP IMR
	O
	O
	O


Proposal 3: BWP information should be configured in each resource setting in order to support dynamic switching of BWPs.
· Periodic resources for the active BWP are automatically activated for measurement and reporting.
· Resources for the inactive BWPs are to be measured only when requested by network in a measurement gap. 
· Note: each resource setting can contain either NZP CSI-RS resources or ZP CSI-RS resources for channel or interference measurements.
Proposal 4: Following ZP CSI-RS configuration is supported in NR.
· One or Two RE patterns among (2,1), (4,1), and (2,2)
· If two RE patterns are supported, it is configurable by network.
· RB-level frequency density is fixed to one. (i.e. same RE locations in every PRB)
Proposal 5: Use RRC + MAC CE + DCI for triggering aperiodic NZP/ZP CSI-RS.
Proposal 6: Consider following dynamic signaling method for NZP CSI-RS resource for channel measurement and ZP CSI-RS based interference measurement:
· Option 1: Separate DCI fields for triggering NZP CSI-RS resource for channel measurement and ZP CSI-RS based interference measurement 
· Option 2: Common DCI field for triggering either or both NZP CSI-RS resource for channel measurement and ZP CSI-RS based interference measurement
Observation 1: port wise beamformed CSI-RS can support that CQI captures this interference cancellation effect and can reduce MCS mismatch as a consequence.
Proposal 7: port wise beamformed CSI-RS and CQI calculation based on port selection can be considered as CSI reporting enhancement targeting TDD system.
___________________________________________________________________
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