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1. Introduction
In RAN1#86bis meeting, a WF on the frequency granularity for CSI-RS for NR [1][2][3] is discussed and agreed as follows:
	Agreements:
· Support NR CSI-RS pattern with at least the following properties: 
· CSI-RS mapped in one or multiple [consecutive] symbols
· FFS: At least CSI-RS located at the earlier part of a slot in some cases
· FFS: before or after the DM-RS agreed to study in RAN1#85
· FFS: CSI-RS located at other part of a slot
· Working assumption: Configurable density of CSI-RS in frequency and/or time domain by UE-specific manner
· Working assumption: CSI-RS for NR should support up to 32 ports 
· FFS: whether or not to have 32 ports codebook
· Support at least following configurations of NR CSI-RS
· UE-specific configuration to support
· Wideband CSI-RS, i.e. from UE perspective, the full bandwidth the UE is configured to operate with 
· Partial-band CSI-RS, i.e. from UE perspective, part of the bandwidth the UE is configured to operate with
· FFS: Different patterns may be used for wideband and subband CSI-RSs

Agreements:
· NR supports CSI reporting with two types of spatial information feedback
· Type I feedback: Normal 
· Codebook-based PMI feedback with normal spatial resolution
· Type II feedback: Enhanced 
· “Explicit” feedback and/or codebook-based feedback with higher spatial resolution 
· For Type I and II, CSI feedback per subband as well as wideband feedback are supported
· For Type I and II, beam-related feedback can be included

Agreements:
· NR supports configurable SRS bandwidth
· Partial-band size can be configured
· Partial-band is smaller than the largest transmission bandwidth supported by the UE
· Within a partial-band the PRBs for SRS transmission can at least be consecutive in the freq. domain
· FFS: Size of partial band
· FFS: Non-consecutive within partial band
· FFS: Multiple partial-bands transmitted simultaneously considering impact with OFDM and DFT-S-OFDM waveforms
· FFS: Simultaneous transmission can be from multiple panels.
· FFS: Frequency hopping of partial bands 
· Full band size can be configured
· Equal to the largest transmission bandwidth supported by the UE 
· NR supports aperiodic SRS transmission triggered by the network
· FFS on other trigger mechanism, e.g. event triggered
· FFS on multi-shot SRS transmission, e.g. the UE transmits SRS multiple times with single trigger from network  
· FFS: NR supports at least one of followings 
· Periodic SRS transmission
· Semi-persistent SRS transmission
· FFS: NR supports multiple numerologies for SRS transmission from one UE
\


In this contribution, we discuss the views on frequency granularity for CSI component for NR-MIMO.
2. Discussions on frequency granularity for CSI perspective
From CSI perspective, size of wideband can be defined by the UE capability of transmitting/receiving UL/DL signal, and its location can be configured by network. We should note that different numerology may exists within the UE-specific wideband. For example, different subcarrier spacing may be applied in different parts of wideband if mMTC/URLLC and eMBB are supported within a carrier. For another example, different time unit for scheduling (e.g. TTI, slot, SF) may be applied in different parts of wideband though they are on the same subcarrier spacing. 
Observation 1: Within a UE-specific wideband determined by UE RF capability, different numerologies or different scheduling time units can be applied in different parts of wideband.

From above observation, independent link adaptation would be required per different numerology or scheduling time unit. In this regard, CSI reporting per different numerology or scheduling time unit may need to be defined. Since the band size of each part can be different from each other and it can be time-varying, this CSI reporting is different from conventional ‘subband CSI reporting’ applied in LTE. We should note that subband CSI reporting is still useful for the subband allocation and for supporting subband precoding within the wideband or the part of wideband described above. In addition, wideband CSI reporting may also be needed especially for the beam management. Therefore, at least three different frequency granularities illustrated in Figure 1 can be considered for CSI reporting as follows:

· Wideband for CSI reporting: Wideband size is determined by UE capability of receiving DL signal. Location of wideband could be configurable by network.
· Partial band for CSI reporting: Partial band size can be configurable by network, or determined by the size of band parts with same multiplexed numerologies or scheduling time units within wideband. 
· Partial band size is smaller than or equal to wideband size.
· For the latter case, partial band is equal to wideband if UE-specific wideband applies single numerology and scheduling time unit.
· Subband for CSI reporting: Subband size is fixed, configured, or determined by the size of system bandwidth, wideband, or partial band, where system bandwidth, wideband, or partial band is divided almost evenly by multiple subbands.
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Figure 1. Types of frequency granularity for CSI
Proposal 1: Consider three different frequency granularities for CSI reporting.

From RS for CSI measurement (e.g. CSI-RS, SRS) perspective, partial band RS does not necessarily span the entire part of band on the same numerology or scheduling time unit. If we consider aperiodic RS transmission, however, there can be two different frequency granularities for partial band: one is to follow higher layer configured band, and the other is to dynamically indicate the frequency location within the higher layer configured band on a predetermined grid. Accordingly, following three frequency granularities can be considered for CSI-RS and SRS:
· Wideband for RS: Wideband size is determined by UE capability of transmitting/receiving UL/DL signal. Location of wideband could be configurable by network.
· Partial band for RS: Partial band size is determined neither by the size of system bandwidth nor wideband, and is configurable by network. 
· Partial band size is smaller than or equal to wideband size.
· Subband for RS: Subband size is fixed, configured, or determined by the size of system bandwidth, wideband, or partial band, where system bandwidth, wideband, or partial band is divided almost evenly by multiple subbands.
Proposal 2: Consider three different frequency granularities for CSI-RS and SRS.

It should be noted that frequency granularity related configuration for CSI-RS, SRS and CSI reporting can be independent. In addition, measurement setting can relate different frequency granularities of CSI-RS and CSI reporting, e.g. subband CSI reporting with wideband/partial band CSI-RS.
Similarly, frequency granularity of CSI-RS and CSI-IM can also be different. For example, partial band CSI-RS can be configured with wideband CSI-IM. 
Observation 2: Frequency granularity can be configured independently for CSI-RS, CSI-IM and CSI reporting.

3. Conclusion
This contribution discussed views on frequency granularity for CSI. Following observations and proposals are given based on the discussion:
Observation 1: Within a UE-specific wideband determined by UE RF capability, different numerologies or different scheduling time units can be applied in different parts of wideband.
Observation 2: Frequency granularity can be configured independently for CSI-RS, CSI-IM and CSI reporting.
Proposal 1: Consider three different frequency granularities for CSI reporting.
Proposal 2: Consider three different frequency granularities for CSI-RS and SRS.
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