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Introduction
In RAN1 #88, Jan. 2017 [1], the following agreements were made for NR:
Agreements:
· For NR, the CSI parameter CRI (CSI-RS Resource Indicator) is supported 
· FFS the applicability to CSI acquisition/beam management
· CRI functionality includes selection and reporting of indices for N out K NZP CSI-RS resources
· FFS: Maximum value of N (Nmax), including the possibility of having Nmax=1
· FFS using CRI to additionally select NZP CSI-RS resources for interference measurement (if supported)
· If Nmax > 1 is supported, the value of N is included in the associated CSI reporting setting
· The maximum value of N  may be a UE capability
· FFS whether N is higher-layer configured or UE selected
Agreements:
· In NR MIMO CSI framework, study aspects related to hybrid CSI reporting (e.g., long-term vs. short-term, joint vs. separate configuration in one reporting setting and/or one resource setting, etc.)
Agreements:
· FFS for aperiodic NZP CSI-RS, semi-persistent CSI reporting is not supported.
· FFS in each semi-persistent or periodic CSI reporting setting, reporting periodicity is additionally included in the configuration information
· FFS other information that can be included (e.g. timing offset, etc.)
· In each semi-persistent or periodic resource setting, periodicity is additionally included in the configuration information 

Further, in NR Adhoc, Jan. 2017 [2], the following agreement was made for NR:
Agreements:
· Refine the agreement on RS and IM settings as follows:
· “RS setting” is renamed as “Resource setting”, comprising configuration for signal for channel and/or interference measurement
· Remove “IM setting”
· Terminology clarification
· A UE can be configured with N≥1 CSI reporting settings, M≥1 Resource settings, and 1 CSI measurement setting, where the CSI measurement setting includes L ≥1 links
· Each of the L links corresponds to a CSI reporting setting and a Resource setting
· At least the following configuration parameters are signaled via RRC at least for CSI acquisition: 
· N, M, and L – indicated either implicitly or explicitly
· In each CSI reporting setting, at least: reported CSI parameter(s), CSI Type (I or II) if reported, codebook configuration including codebook subset restriction, time-domain behavior, frequency granularity for CQI and PMI, measurement restriction configurations
· In each Resource setting: 
· A configuration of S≥1 CSI-RS resource set(s) 
· Note: each set corresponds to different selections from a “pool” of all configured CSI-RS resources to the UE
· A configuration of Ks ≥1 CSI-RS resources for each set s, including at least: mapping to REs, the number of ports, time-domain behavior, etc.
· In each of the L links in CSI measurement setting: CSI reporting setting indication, Resource setting indication, quantity to be measured (either channel or interference)
· One CSI reporting setting can be linked with one or multiple Resource settings
· Multiple CSI reporting settings can be linked with the same Resource setting
· At least following are dynamically selected by L1 or L2 signaling, if appilicable
· One or multiple CSI reporting settings within the CSI measurement setting
· One or multiple CSI-RS resource sets selected from at least one Resource setting
· One or multiple CSI-RS resources selected from at least one CSI-RS resource set
· FFS until the next meeting about details of dynamic triggering

 This contribution discusses CSI framework to deal with aforementioned open issues in the past meetings. We primarily have a discussion on the parameter N regarding NZP CSI-RS resources and also desired number of CRI in the CSI reporting; our view on resource settings for CSI acquisition and beam management, configuration parameters of CSI reporting, resource and CSI measurement settings for interference measurement; hybrid CSI; semi-persistent CSI reporting and resource settings. 
Discussion

[bookmark: _GoBack]Parameter N in CRI
RAN1 #88 achieved the agreement that CRI functionality includes selection and reporting of indices for N out of K NZP CSI-RS resources where N . It is for further study (FFS) discussing on maximum size of the parameter N with the possibility of Nmax = 1. In case of Nmax > 1, it is FFS, whether N is configured by higher layer or selected by the UE depending on UE capability. Regarding the CRI report, the CSI configuration parameter L is limited by UE capability; nonetheless, the size of overall CSI measurement and report is increased to L∙Nmax. In our view, there is no need to define Nmax > 1 even as a UE capability. It increases UE complexity while the benefit is not clear.
Proposal 1: Update the issues of CRI as follows.
· CRI functionality includes selection and reporting of the indexindices for 1N out of K NZP CSI-RS resources
· FFS: Maximum value of N (Nmax), including the possibility of having Nmax=1
· FFS using CRI to additionally select NZP CSI-RS resources for interference measurement (if supported)
· If Nmax > 1 is supported, the value of N is included in the associated CSI reporting setting
· The maximum value of N  may be a UE capability
· FFS whether N is higher-layer configured or UE selected


CSI acquisition and beam management
During the last meeting, there was a discussion on whether CSI acquisition and beam management frameworks can be merged.  There are two potential problem of merging those two frameworks. 
The first problem is that the structure of CSI-RS and feedback contents may be different between CSI acquisition and beam management. For example, L1 RSRP is reported for beam management while CSI is reported for CSI acquisition. A gNB may want to configure UE to get CSI for a specific several beams. However, that can be categorized as CSI acquisition; not beam management as the CSI-RS for those two can be different. 
The second problem is the number of link or the number of measurement/report. As NR considers more number of beams than LTE, the number of link or number of measurement/report for beam management can be quite large compared to CSI acquisition. In the UE complexity point of view, since the measurement for beam management is simply L1 RSRP, the large number of links or measurements/reports could be affordable. However, CSI acquisition requires substantial amount of memory as well as high complexity even for small number of links or measurements/reports. Thus, merging those two frameworks may end up increasing UE complexity and the requirement to support the worst case scenario, i.e. all links or measurements/reports are for CSI acquisition. Further, the benefit of merging those two frameworks is unclear or seems marginal.
Observation: There are problems in merging CSI acquisition and beam management frameworks; whereas, no benefit is observed.

Interference Measurement
Interference measurement needs to be enhanced for several reasons mentioned or will be described in this contribution paper; consequently, in addition to ZP CSI-RS, NZP CSI-RS and DM-RS have been considered as resource settings for interference measurement [3]. Furthermore, in the scenario of NZP CSI-RS based interference measurement, NR may potentially support more than one schemes of interference measurement [3]. Hence, we reach the following proposal.
Proposal 2: Resource setting includes the type of RS, and reporting setting (or measurement setting) includes measurement type/scheme (e.g. interference measurement scheme).

Hybrid CSI
In Rel.14 eFD-MIMO, hybrid CSI framework has been adopted to jointly configure long-term and short-term CSI processes to save signaling, CSI overhead and UE complexity. In contrast, NR should support flexible and independent configuration of CSI reporting settings and resource settings. Furthermore, present agreements on NR CSI framework allows CSI measurement setting to configure multiple links from a given CSI reporting setting to multiple resource settings. Consequently, the additionally required configuration parameters to indicate the relationship of periodicities and offsets among the associated resource settings and CSI reporting settings may become complicated beyond the tolerable level in hybrid CSI. For the aforementioned rationale, our proposal regarding hybrid CSI is as
Proposal 3: Hybrid CSI can be supported by independent configurations of resource settings and report settings.

Semi-persistent CSI-RS 
In RAN1 #87 meeting, semi-persistent CSI-RS transmission is agreed where activation(s)/de-activation(s) of CSI-RS resource is triggered dynamically. Whether the dynamic activation or de-activation is done by DCI and/or MAC CE is FFS. Here we listed some options for the semi-persistent CSI-RS transmission signaling method.
First option can be MAC CE based signaling. In this case, the signaling contents can be the same as periodic CSI-RS transmission signaling which is done by higher layer (or RRC) signaling. In this case, functionality of those two mechanisms are almost the same. 
Second option can be DCI based. In this case, there exists possible reliability issues of using physical layer signaling for activation/de-activation of CSI-RS transmission. 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 1. 


[bookmark: _Ref470613123]Figure 1. Illustration of PDSCH RE mapping issue
To resolve this problem, we can consider two sub-options. First sub-option is having no de-activation but always activates with M CSI-RS transmission. In this case, we can harmonize DCI format with aperiodic CSI-RS transmission. Second sub-option is having (implicit) confirmation method of DCI. For example, define a UE behavior that if CSI-RS is de-activated then de-activate corresponding CSI report as well. In this case, the gNB/TRP can monitor DTX of corresponding CSI report to confirm the CSI-RS de-activation. 
Option1.  MAC CE with same contents as in semi-statically configured/re-configured periodic CSI-RS transmission.
Option 2. DCI without de-activation. Note that, in this case, aperiodic CSI-RS transmission can be treated as a special case of semi-persistent CSI-RS transmission.
Option 3. DCI with confirmation method. FFS on confirmation method including implicit method.
Among these options, we propose Option 1, MAC CE based signaling. Option 2 has a limitation as the gNB should decide deactivation timing when it performs activation. Option 3 can be done, but with the confirmation method, the benefit of DCI based activation and deactivation is vanished. 

Semi-persistent CSI reporting
Likewise, semi-persistent CSI reporting together with periodic CSI reporting is agreed. Again, signaling detail is FFS. Similarly, we listed some options for semi-persistent CSI reporting signaling method.
The first option can be MAC CE based. In this case, the signaling contents can be same as periodic CSI reporting  signaling which is done by higher layer (or RRC) signaling. In this case, functionality of those two mechanisms are almost same.
The second option can be DCI based. Similar to semi-persistent CSI-RS transmission case, there exists possible reliability issues of using physical layer signaling for activation/de-activation of CSI reporting. In order not to have a potential collision on the resource for the CSI feedback, gNB/TRP needs to wait next occasion of CSI report so that it implicitly confirms the reception of CSI report de-activation instruction. In this case, the benefit of DCI may be diminished. Other possible option can be DCI without de-activation. Again, in this case, gNB should decide deactivation timing when it activates.
During the last meeting, there was a proposal not to support semi-persistent CSI reporting for aperiodic CSI-RS. In order to support semi-persistent CSI reporting using aperiodic CSI-RS, the gNB needs to activate aperiodic CSI-RS for each occasion of semi-persistent CSI report time otherwise, NR should define UE behavior to handle the error. However, there seems to be no benefit of this complex operation. One-shot measurement with multiple reports (the same contents) to guarantee link reliability and the segmentation of feedback contents, were discussed as a potential use case of this scenario, but technically that is not semi-persistent but aperiodic CSI reporting. 
Proposal 4: 
· For periodic CSI-RS,
· Semi-persistent CSI reporting is activated/deactivated by MAC CE and/or DCI
· Aperiodic CSI reporting is triggered by DCI
· For semi-persistent CSI-RS,
· Periodic CSI reporting is not supported
· Semi-persistent CSI reporting is activated/deactivated by MAC CE and/or DCI
· Semi-persistent CSI-RS is activated/deactivated by MAC CE and/or DCI
· Aperiodic CSI reporting is triggered by DCI
· Semi-persistent CSI-RS is activated/deactivated by MAC CE and/or DCI
· For aperiodic CSI-RS,
· Periodic [and semi-persistent] CSI reporting is not supported
· Aperiodic CSI reporting is triggered by DCI
· Aperiodic CSI-RS is triggered by DCI and/or MAC CE

Summary 
In this contribution, we discussed NR CSI framework; particularly we proposed
Proposal 1: Update the issues of CRI as follows.
· CRI functionality includes selection and reporting of the indexindices for 1N out of K NZP CSI-RS resources
· FFS: Maximum value of N (Nmax), including the possibility of having Nmax=1
· FFS using CRI to additionally select NZP CSI-RS resources for interference measurement (if supported)
· If Nmax > 1 is supported, the value of N is included in the associated CSI reporting setting
· The maximum value of N  may be a UE capability
· FFS whether N is higher-layer configured or UE selected
Proposal 2: Resource setting includes the type of RS, and reporting setting (or measurement setting) includes measurement type/scheme (e.g. interference measurement scheme).
Proposal 3: Hybrid CSI can be supported by independent configurations of resource settings and report settings.
Proposal 4: Update the present agreements as follows.
· For periodic CSI-RS,
· Semi-persistent CSI reporting is activated/deactivated by MAC CE and/or DCI
· Aperiodic CSI reporting is triggered by DCI
· For semi-persistent CSI-RS,
· Periodic CSI reporting is not supported
· Semi-persistent CSI reporting is activated/deactivated by MAC CE and/or DCI
· Semi-persistent CSI-RS is activated/deactivated by MAC CE and/or DCI
· Aperiodic CSI reporting is triggered by DCI
· Semi-persistent CSI-RS is activated/deactivated by MAC CE and/or DCI
· For aperiodic CSI-RS,
· Periodic [and semi-persistent] CSI reporting is not supported
· Aperiodic CSI reporting is triggered by DCI
· Aperiodic CSI-RS is triggered by DCI and/or MAC CE

Regarding merging of CSI acquisition and beam management frameworks, we have the following observation.
Observation: There are problems in merging CSI acquisition and beam management frameworks; whereas, no benefit is observed.

References
[1] [bookmark: _Ref470731373]Chairman’s Notes, 3GPP TSG RAN WG1 Meeting #88, Athens, Greece, 13rd – 17th February, 2017 
[2] Chairman’s notes, 3GPP TSG RAN WG1 Meeting NR#1 Ad-Hoc, Spokane, USA, 16th – 20th January 2017
[3] R1-1704728 Discussion on Interference Measurement for CSI, Intel Corporation, 3GPP TSG RAN WG1 Meeting #88bis, Spokane, USA, 3rd – 7th April, 2017


6/6
image1.emf
BS:

UE:

DCI which activates Semi-

persistent CSI-RS transmission

Data misdetection due to 

mismatch in RE mapping

control data CSI-RS

DCI misdedection


Microsoft_Visio_Drawing21111.vsdx





























BS:
UE:





DCI which activates Semi-persistent CSI-RS transmission
Data misdetection due to mismatch in RE mapping
control		data		CSI-RS


DCI misdedection



