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1 1 Introduction
In RAN#86 the following agreement was made with respect to CSI-RS indication and CSI timing for in NR [1]:

	Agreements:
· Study flexible timings of RS indication/transmission for CSI measurement, CSI feedback triggering/reporting. Following aspects should be considered at least for periodic CSI (where appropriate)/aperiodic/semi-persistent CSI reporting

· Linkage between each timing

· Details FFS. Some non-exhaustive exemplary timing relationships include:

· Ex1) RS indication and CSI feedback triggering 

· Ex2) RS indication and RS transmission 

· Ex3) RS indication, RS transmission, CSI feedback triggering and CSI reporting in the same [SF]

· Signaling method for timing, if needed (if so, details)

· Feasible time gap between RS transmission and CSI reporting taking CSI computation delay/complexity, propagation delay, channel coherence time, and UL timing advance into account

· Signaling overhead needs to be taken into account

· Note: the timing above refers to layer 1 control signaling, higher-layer signaling or a combination thereof

· Note: RS indication can be RS triggering or RS activation/deactivation, and can include RS resource configuration. 

· Note: This doesn’t preclude a fixed timing based RS transmission for CSI measurement, CSI feedback reporting.


In this contribution discuss in more details regarding timing relation of CSI-RS transmission and CSI reporting for NR and provide our preference.

2 Discussion
2.1 CSI-RS and CSI Coupling

Channel state information reference signals (CSI-RS) are used for downlink channel measurements. In Rel-10 LTE, two types of CSI reports are supported, i.e. aperiodic and periodic reports. In case of periodic CSI report, uplink resources for CSI transmission are semi-statically allocated by RRC signaling, while in aperiodic CSI report, uplink CSI feedback resources are dynamically scheduled by physical layer control channel, i.e. DCI. These periodic and aperiodic CSI reports are also supported in carrier aggregation scenario as follows. For multiple downlink component carrier, uplink resources for periodic CSI reports are configured by RRC. For aperiodic CSI, the set of downlink CCs for which CSI feedback should be provided is determined by using RRC and DCI, where RRC configures the multiple component carrier sets for CSI feedback and DCI dynamically indicates the specific set for CSI reporting.

In Rel-14 LTE, the enhancement to UE-specific beam formed CSI-RS indication are being considered. To reduce the CSI-RS overhead, support of aperiodic CSI-RS (single-shot) and SPS (multi-shot) scheduled CSI-RS has been proposed, where indication of CSI-RS is provided to the UE more dynamically by using physical layer signaling instead of the current higher layer signaling. To support aperiodic CSI-RS transmission indication, aperiodic CSI triggering is considered, where CSI-RS indication and CSI reporting indication are scheduled simultaneously by using downlink control signaling with UL grant for CSI feedback. However, in carrier aggregation and dynamic TDD scenario, which are widely discussed in NR, coupling of CSI-RS and CSI feedback allocation increases scheduling complexity. Even for aperiodic allocation coupling of CSI-RS and CSI feedback allocation is problematic when the CSI calculation processing time is relatively long so that the scheduler needs to reserve uplink resource relatively long period of time. 
Observations:

· In Rel-10 LTE, the CSI-RS transmission is decoupled from CSI report transmission for flexible resource allocation.

· In Rel-14 LTE, coupled CSI-RS and CSI feedback allocation using physical layer signaling is proposed to save DCI overhead. 

· Coupled CSI-RS and CSI feedback allocation is problematic in carrier aggregation and dynamic TDD case.

Summarizing the discussion above simultaneous scheduling of CSI-RS transmission and CSI reporting may restrict the NR system and decoupled CSI-RS transmission indication and CSI reporting should be considered as a baseline for NR design.

Proposal:

· Independent indication of CSI-RS transmission and CSI reporting should be considered as a starting point in NR

· FFS whether simultaneous indication of CSI-RS transmission and CSI reporting should be also supported in NR

2.2 CSI-RS Indication

Similar to LTE, aperiodic CSI-RS transmission should be also considered for NR to support the following scenarios:
· Unpaired spectrum deployment of NR, where the transmission direction is dynamically decided by the serving cell
· FD-MIMO, where UE-specific beamforming is applied to CSI-RS
· Unlicensed spectrum, where the transmission is dynamic due to contention based mechanism to access the media

Aperiodic CSI-RS for NR can be scheduled by DCI transmitted in UE-specific or common search space, and the DCI can convey the information about the CSI-RS presence, CSI-RS transmission parameters, and other essential CSI-RS parameters such as scheduled PRBs for CSI-RS. 
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Figure 1: Illustration of aperiodic CSI-RS indication using DCI
Support of periodic CSI-RS transmission should be also considered for NR, e.g. for deployments on the paired spectrum, where the CSI-RS resources can be allocated to the UE on semi-static or semi-persistent manner. Considering the possible reliability issues of using physical layer signaling for activation/de-activation of CSI-RS transmission, semi-persistent approach (by DCI) for allocation of CSI-RS resources is not desirable. Note that the CSI-RS allocation information is not only for channel measurement, but also for the PDSCH RE mapping pattern determination. In case of semi-static allocation, the reliability of such the CSI-RS indication becomes critical for the system performance. For example, miss detection of the CSI-RS transmission/allocation results in incorrect demodulation of PDSCH as illustrated in Figure 2. In this case semi-static approach for CSI-RS resource allocation using higher layer signaling is more preferred and should be considered for NR. 
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Figure 2: Illustration of PDSCH RE mapping issue
To further optimize the semi-static CSI-RS resource allocations, the DL grant should also support to signal the presence of CSI-RS dynamically. For example, to maximize data throughput in certain subframe, CSI-RS de-allocation should be done as well. 
Summarizing discussion above the following proposals can be made:
Proposal:
· NR should support the aperiodic CSI-RS transmissions scheduled by physical layer control signaling.
· NR should support the periodic CSI-RS transmissions scheduled by high layer signaling. 

· Dynamic de-allocation of CSI-RS should be considered for PDSCH transmission. 

2.3  CSI Reporting

Similar to CSI-RS transmission indication the CSI feedback should also support aperiodic and periodic UCI transmission. Aperiodic CSI transmission can be indicated using DCI transmitted in the physical layer control channel. For periodic CSI semi-persistent or semi-static approaches can be considered. However, considering DCI reliability issues discussed for CSI-RS it is also preferable to indicate periodic CSI reporting using higher layer signaling.
Summarizing discussion above the following proposals can be made:

Proposal:

· NR should support the aperiodic CSI transmissions scheduled by physical layer control signaling

· NR should support the periodic CSI transmissions scheduled by high layer signaling 

3 Summary 
In this contribution, we discussed NR CSI configuration, particularly we proposed
· Independent indication of CSI-RS transmission and CSI reporting should be considered as a starting point in NR

· FFS whether simultaneous indication of CSI-RS transmission and CSI reporting should be also supported in NR

· NR should support the aperiodic CSI-RS transmissions scheduled by physical layer control signaling.
· NR should support the periodic CSI-RS transmissions scheduled by high layer signaling. 

· Dynamic de-allocation of CSI-RS should be considered for PDSCH transmission. 

· NR should support the aperiodic CSI transmissions scheduled by physical layer control signaling

· NR should support the periodic CSI transmissions scheduled by high layer signaling 
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