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Introduction
In RAN1#86bis, the following agreement was made:
Agreements:
· At least for CSI acquisition, NR supports CSI-RS, SRS
· FFS: Use of DL DMRS for CSI measurement
· NR supports aperiodic transmission of CSI-RS
· For CSI-RS transmission, NR supports at least one of following:
· Semi-persistent transmission
· Preconfigured CSI-RS resources can be activated or de-activated
· FFS: Activation/De-activation mechanism
· Periodic transmission
· Periodic CSI-RS can be configured by higher layer
· FFS: mechanisms (e.g. protocol layer) for dynamic control of activation/deactivation for semi-persistent CSI-RS
· FFS: mechanisms to provide reliable activation/deactivation for semi-persistent CSI-RS
· NR supports aperiodic CSI reporting
· NR supports at least one of following:
· Periodic CSI reporting 
· It can be configured by higher layer
· Semi-persistent CSI reporting
· Configuration of CSI reporting can be activated or de-activated
· FFS: Activation and de-activation mechanism
· Study periodic/aperiodic/semi-persistent CSI reporting by using CSI-RS
· FFS using other RSs
· FFS on necessary configurations, conditions, situations and use cases
· With regard to relating CSI-RS transmission and CSI reporting, following combinations are supported at least
· Aperiodic CSI reporting with aperiodic CSI-RS 
· Aperiodic CSI reporting with semi-persistent/periodic CSI-RS
· Semi-persistent/periodic CSI reporting with semi-persistent/periodic CSI-RS
· To support combinations above more flexibly, NR should allow independent control of CSI-RS indication and CSI reporting indication timings.
· ‘indication’ above may refer to triggering, activation, and deactivation depending on type of RS/reporting.
· Further study is needed how to guarantee appropriate time gap between indication of CSI-RS transmission and CSI-RS
· Further study is needed how to guarantee appropriate time gap between CSI-RS and CSI reporting
Note: This does not preclude joint control of CSI-RS indication and CSI reporting indication.

[bookmark: _GoBack]As can be seen, it has been agreed to support aperiodic CSI-RS transmission and aperiodic CSI reporting for NR. In this contribution, we discuss semi-persistent and periodic, where it has been agreed to support at least one of these approaches as highlighted in yellow above.
[bookmark: _Ref178064866]Discussion
In NR, CSI-RS will be used for multiple purposes such as at least
· Type I CSI feedback (as in LTE)
· e.g., Class A (non-precoded CSI-RS), Class B (beamformed CSI-RS) with or without CRI
· Large # of ports, e.g., for lower frequencies with digital beamforming
· Small # of ports, e.g., for higher frequencies with analog/hybrid beamforming
· Type II CSI feedback
· High spatial resolution feedback
· Beam management
· e.g., Coarse beam sweep operation, beam refinement, UE beam selection

Different use cases place different requirements on CSI-RS transmission and measurement reporting when it comes to aperiodic vs. semi-persistent vs. periodic. As can be seen in the above agreement, aperiodic CSI-RS transmission and aperiodic measurement reporting have been agreed to support for NR. However, when it comes to semi-persistent and periodic it has been agreed to support at least one of these approaches, both for CSI-RS transmission and measurement reporting.
Before discussing the merits/drawbacks of the latter two, it is useful to provide some definitions. Semi-persistent is defined as follows:
[bookmark: _Toc465860861]Semi-persistent CSI-RS transmission/measurement reporting is defined as occurring within a time-limited window with dynamic (e.g., DCI/MAC-CE) allocation/de-allocation of CSI-RS resources to users and dynamic triggering/termination of measurement reporting for users. CSI-RS transmission/measurement reporting may be periodic within the time window.
This is sometimes referred to as multi-shot. In our view, the time limited window should not be too short so as to avoid excessive overhead in dynamic resource allocation/de-allocation and dynamic reporting triggering/termination. In contrast, periodic is defined as follows:
[bookmark: _Toc465860862]Periodic CSI-RS transmission/measurement reporting is defined as transmission/reporting that is RRC configured/de-configured.
Like for semi-persistent, the configuration/de-configuration should not be exercised frequently to minimize RRC load. Due to the use of RRC, there is a latency/ambiguity associated with the allocation/de-allocation of CSI-RS resources and the triggering/termination of measurement reporting.
CSI-RS Transmission
Semi-persistent
As discussed in [1], CSI-RS pooling (as agreed to study in RAN1#86b) is a useful construct for NR due to the flexibility it offers in supporting the diverse set of use cases for CSI-RS as listed above. A pool can consist of a number of basic two-port “CSI-RS elements” that can be used to construct various CSI-RS resource aggregations to be used, e.g.,  for CSI feedback or beam management. Users are semi-statically (RRC) pre-configured with one or more pools of such CSI-RS elements. Subsequently, one or more aggregated CSI-RS resources are dynamically allocated to a user through either DCI or MAC-CE signalling. Through a mix of RRC pre-configuration and dynamic signalling, the DCI/MAC-CE overhead in signalling the resource allocation to users can be kept quite reasonable. With this approach, the pool can be very flexibly and shared amongst users, with fast allocation and de-allocation of resources.
In our view, semi-persistent CSI-RS transmission (in addition to aperiodic) fits very well with the pooling concept. Natural use cases for semi-persistent CSI-RS from the above list are support for lower resolution Type I CSI feedback as well as the beam management. Furthermore, semi-persistent CSI-RS inherently avoids always-on type reference signals – one of the key design goals of NR motivated by energy efficiency, interference reduction at low load, and forward compatibility, e.g., operation in unlicensed spectrum.
[bookmark: _Toc465857616][bookmark: _Toc465860863]At least semi-persistent CSI-RS transmission is supported in NR
Periodic
As with semi-persistent CSI-RS transmission, natural use cases for periodic CSI-RS transmission are to support lower resolution CSI feedback (Type I in the above list) as well as ongoing beam tracking in the beam management procedures. One consideration is that periodic may not fit as well with the CSI-RS pooling framework as semi-persistent. Since the pool(s) for a number of users are RRC configured, but the CSI-RS resources are quickly allocated/de-allocated through dynamic L1/L2 control (DCI/MAC-CE), it may not be advisable to configure/de-configure a subset of resources through L3 control (RRC) from the same pool as there is increased latency/timing ambiguity with the configuration/de-configuration. This points towards reserving a set of CSI-RS resources separate from any pool if RRC is used as the method of configuring/de-configuring the resources. This can lead to fragmentation of the available resources and associated resource utilization inefficiencies. As an additional node, RRC configuration/de-configuration of CSI-RS transmission does not play well with operation in unlicensed spectrum. In fact, in LTE, periodic CSI-RS transmission is not supported at all. For these reasons, that support for periodic CSI-RS transmission be further studied, taking into account the above considerations.
[bookmark: _Toc465857617][bookmark: _Toc465860864]Periodic CSI-RS transmission and periodic measurement reporting requires further study, taking into account CSI-RS resource fragmentation and forward compatibility aspects, e.g., operation unlicensed spectrum.
Measurement Reporting
Aperiodic
From a CSI accuracy perspective, it is desirable to have CSI feedback from the UE to the eNB in as timely a manner as possible. Denote slot k as the slot in which the CSI-RS is transmitted and slot k + k0 as the slot in which the measurement report arrives at the eNB. For TDD the best that can be achieved is k0 = 0, i.e., measurement report arrives in the same slot as the CSI-RS transmission. This assumes the downlink data/control occurs in the early part of the slot and the uplink data/control occurs in the later part of the slot. For FDD, the best than can be achieved is k0 = 1. In either case, we call this fast CSI feedback, and we propose that this be supported, if feasible, in NR.
[bookmark: _Toc465860865]For aperiodic CSI-RS transmission, support an aperiodic measurement report transmitted with a time offset of k0 slots with respect to the CSI-RS transmission, where k0 is dynamically indicated in a CSI-RS/measurement report triggering message. If feasible, support fast CSI feedback defined by k0 = 0 (TDD) and k0 = 1 (FDD).
Semi-persistent
For the case of semi-persistent CSI-RS transmission, two possibilities exist for measurement reporting, aperiodic and semi-persistent. Both make sense in line with the above agreement, hence we propose
[bookmark: _Toc465860866]For semi-persistent CSI-RS transmission, support both aperiodic measurement reporting and semi-persistent measurement reporting.
Support for both measurement report types is further motivated by the fact that there seems to be broad support in the RAN1 working group to decouple CSI-RS transmission, CSI measurement, CSI reporting, and MIMO transmission types such that the various modular functions may be flexibly mixed and matched, rather than hardwired through RRC configuration. Hence one could easily envision a scenario whereby the same semi-persistently transmitted CSI-RS resource is allocated to two different users, and one user is triggered to provide, e.g., semi-persistent Type I measurement reports, and the other is triggered to provide, e.g., a single-shot (aperiodic) Type II CSI report. Furthermore, it could be that fast CSI feedback is requested for the aperiodic report. Hence we propose the following additional combination
[bookmark: _Toc465860867]For semi-persistent CSI-RS transmission, support an aperiodic measurement report transmitted with a time offset of k0 slots with respect to the next CSI-RS transmission after the measurement report trigger, where k0 is dynamically indicated in a measurement report triggering message. If feasible, support fast CSI feedback defined by k0 = 0 (TDD) and k0 = 1 (FDD). 
Conclusions
In this contribution we discussed aperiodic, semi-persistent, and periodic CSI-RS transmission and measurement reporting. For clarity we made the following two definitions:
Observation 1	Semi-persistent CSI-RS transmission/measurement reporting is defined as occurring within a time-limited window with dynamic (e.g., DCI/MAC-CE) allocation/de-allocation of CSI-RS resources to users and dynamic triggering/termination of measurement reporting for users. CSI-RS transmission/measurement reporting may be periodic within the time window.
Observation 2	Periodic CSI-RS transmission/measurement reporting is defined as transmission/reporting that is RRC configured/de-configured.

Based on the discussion in this contribution we propose the following:
Proposal 1	At least semi-persistent CSI-RS transmission is supported in NR
Proposal 2	Periodic CSI-RS transmission and periodic measurement reporting requires further study, taking into account CSI-RS resource fragmentation and forward compatibility aspects, e.g., operation unlicensed spectrum.
Proposal 3	For aperiodic CSI-RS transmission, support an aperiodic measurement report transmitted with a time offset of k0 slots with respect to the CSI-RS transmission, where k0 is dynamically indicated in a CSI-RS/measurement report triggering message. If feasible, support fast CSI feedback defined by k0 = 0 (TDD) and k0 = 1 (FDD).
Proposal 4	For semi-persistent CSI-RS transmission, support both aperiodic measurement reporting and semi-persistent measurement reporting.
Proposal 5	For semi-persistent CSI-RS transmission, support an aperiodic measurement report transmitted with a time offset of k0 slots with respect to the next CSI-RS transmission after the measurement report trigger, where k0 is dynamically indicated in a measurement report triggering message. If feasible, support fast CSI feedback defined by k0 = 0 (TDD) and k0 = 1 (FDD).
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