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Introduction
In RAN1#87, the following agreement was made:
Agreements:
· A UE can be configured for CSI acquisition with the following features:
· N≥1 CSI reporting settings, M≥1 RS settings, J≥1 IM settings, and a CSI measurement setting which links the N CSI reporting settings with the M RS settings and J IM settings
· A CSI reporting setting includes at least the following:
· Time-domain behavior: aperiodic or periodic/semi-persistent
· Frequency-granularity, at least for PMI and CQI
· FFS: Which CSI parameters are reported
· If PMI is reported, PMI Type (Type I or II) and codebook configuration 
· An RS setting includes at least the following:
· Time-domain behavior: aperiodic or periodic/semi-persistent
· RS type which encompasses at least CSI-RS
· RS resource set(s) of K resources
· An IM setting includes at least the following:
· Time-domain behavior: aperiodic or periodic/semi-persistent
· IM types which encompasses CSI-IM
· FFS: RS setting and IM setting can be merged
· A CSI measurement setting includes at least the following :  
· One CSI reporting setting
· One RS setting
· One IM setting
· For CQI, reference transmission scheme setting
· Study the possibility of configuring a UE with multiple CSI measurement settings including dynamic indication to select a preferred CSI measurement setting
· Including selection of resource(s) out of the K resources within an RS setting
· UE supports up to L CSI measurement
· Value of L may depend on the UE capability

In this contribution, we discuss further details of the CSI framework.
[bookmark: _Ref178064866]Discussion
The NR CSI reporting framework agreed so far represents an evolution of LTE CSI reporting, allowing a wide variety of use cases, as well as dynamic reuse of CSI resources. The NR framework uses a decoupled approach between the RS setting, IM setting and CSI reporting settings, allowing for creative use of these components tailored for certain deployments. 
However, some high level details remain open:
· How do CSI reports relate to their corresponding CSI-RS resources / CSI-IMs?
· Can one CSI report be computed from more than one RS setting?
· Can one CSI report be computed from more than one CSI-IM?
· How do pooled CSI-RS resources work with aperiodic CSI reports?
· How are periodic reporting and CSI-RS configured?
We address these open issues by considering the use cases that the framework can support, and using this to identify additional refinements that are needed in the framework.  We first consider a simple single serving TP case, addressing semi-static and dynamic configuration of CSI measurements.  We next discuss use cases that make greater use of the framework: hybrid operation, partial array measurement, CoMP, and MU-MIMO.  These address aspects of how CSI reports relate to CSI-RS resource / CSI-IMs. 
Semi-static and dynamic configuration of CSI measurements
The agreed framework supports configuration of N CSI report settings and M RS settings. There is also an agreement to support CSI-RS pooling using RRC configured CSI-RS resources sets and dynamic selection of resources from the set(s). Hence, more discussion is needed on how to support resource pooling and dynamic signalling in this CSI framework, more specifically which parts of the framework are RRC configured and which are dynamically indicated by DCI.
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[bookmark: _Ref471372869][bookmark: _GoBack]Figure 1  A CSI measurement setting where some CSI report settings are dynamically triggered by DCI and one of the RS settings contain a pool of K CSI-RS resources (e.g. beams). The selection of beams to measure on from the pool is also dynamically indicated by DCI
A CSI measurement setting is RRC configured with one or several CSI reporting settings and RS settings plus the association between them as per the agreement. See Figure 1 for an example. 
It is proposed here that the network dynamically selects which type of report (i.e. the report setting #) the UE shall feedback by dynamic indication by DCI. If the RS setting contains a pool of CSI-RS resources, the DCI also selects resources from the pool when triggering the associated CSI report setting as per the pooling agreement. Some RS settings do not have a pool, for instance if a setting is for a 32 port CSI-RS resource using non-precoded CSI-RS, then there is no pooling needed for this RS setting. A CSI report setting which corresponds to a periodic CSI report is controlled by RRC signalling only, i.e. when the periodic report and RS is RRC configured, then the measurement starts without DCI involvement. 
See an example in Figure 2 below where a periodic CSI report is RRC configured with some periodicity, and the UE reports a lightweight, 2 port CSI report (for e.g. PDCCH link adaptation, UL power control etc). In addition, the UE may be triggered with a 32 port CSI-RS measurement and an associated codebook based report. Alternatively, the UE may be triggered with a beam sweep of 4 beams and the UE selects its preferred beam (CRI) and associated CSI. When triggering this report, an RRC configured pool of CSI-RS resources is used, and the DCI selects 4 resources out of the 16 possible resources in the pool. These three report types are all included in one CSI measurement setting for the UE.
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Figure 2  An example with three different CSI reports in one CSI measurement setting where two are triggered aperiodically 
We thus make the following proposals:
[bookmark: _Toc471382035][bookmark: _Toc471728432][bookmark: _Toc471742490]When a CSI report is triggered, the DCI selects one of the RRC configured CSI reporting settings
[bookmark: _Toc471382036][bookmark: _Toc471728433][bookmark: _Toc471742491]An RS setting may contain a pool of CSI-RS resources configured by RRC
[bookmark: _Toc471382037][bookmark: _Toc471728434][bookmark: _Toc471742492]If a triggered CSI report is associated with an RS setting that consists of a pool of CSI-RS resources, then the trigger message contains a resource selection from the pool
[bookmark: _Toc471382038][bookmark: _Toc471728435][bookmark: _Toc471742493]For periodic CSI reporting and RS settings, only RRC is used. Measurements and reporting is configured by higher layers only

Other use cases of CSI framework
The NR CSI reporting framework is built upon CSI measurement settings that include N CSI report settings, M CSI-RS settings, and J CSI-IM settings.  One of the simple use cases, which corresponds to LTE TM10 with a single CSI process and a single PQI state is N=M=J=1. But the framework can support more advanced use cases, such as hybrid operation, partial array measurement, CoMP, and MU-MIMO.
Hybrid operation
In hybrid operation, a periodic, non-precoded CSI-RS is transmitted with rather long periodicy (~100 ms) while a UE-specific beamformed CSI-RS can be triggered dynamically, or periodically transmitted with shorter periodicity (~10 ms).  Also, semi-persistent operation can be used instead of aperiodic operation if the UE is expected to receive bursty, large packets. Hence, two CSI reports are obtained, the first one is used to find a good wideband, long term, beam direction for the UE, while the second is used to acquire detailed link adaptation for fast fading. The reports are independent: each measures different RS settings, and providing CQI, PMI, and/or RI based on only one corresponding RS setting. This hybrid approach reduces CSI-RS overhead and/or simplifies eNB complexity for long term CSI calculation. It is also possible to combine the RS setting with a pool of resources, if needed (i.e. if the cell is busy and beams are narrow). 
[image: ]
Figure 3 Example Hybrid CSI reporting configuration

Partial array measurement
The framework also supports partial array measurements, which trades CSI accuracy for reduced CSI-RS overhead and/or UE CSI computation complexity.  Such partial measurements could be made on one of multiple CSI-RS resources, along a vertical or horizontal axis of an array, on every Nth element of an array, etc.  In any case, since the array is subsampled, some amount of ambiguity is introduced in the measurement, which may be compensated at least in part by other measurements and/or by apriori channel knowledge.  One such example is an extension of hybrid CSI reporting, where the wideband, long term, beam determination is split into vertical and horizontal measurements, as shown in the figure below.  Here, horizontal and vertical beam selection for a large 2D array of 128 ports can be measured with two reports, say periodically every ~100ms, each corresponding to a 16 port vertical or 8 port horizontal measurement.  The long term measurements are then used to beamform a 2 port CSI-RS, which is measured more frequently, for example aperiodically. Again, all CSI reports are independent: each measures different RS settings, and providing CQI, PMI, and/or RI based on only one corresponding RS setting.

[image: ]
Figure 4  Example partial measurement reporting configuration

[bookmark: _Toc471382039][bookmark: _Toc471728436][bookmark: _Toc471742494]Each CSI report corresponds to only one RS setting 

CoMP and MU-MIMO use cases
To support CoMP with M serving transmission points, M RS settings are needed with at least M different CSI-reports.  In dense deployments, a large number of CSI-IM resources may be needed if a distinct CSI-IM is used for each combination of interfering TPs.  Instead of configuring the UE with a large number of CSI-IMs, a few CSI-IMs can be configured, and the UE can use different combinations of CSI-IM in its CSI feedback calculations, i.e. it can ‘emulate’ different CSI-IM content.  (Note that here while we use the term ‘CSI-IM’, this does not exclude the case where NZP CSI-RS may be used as a CSI-IM, as this is still under discussion.) MU-MIMO can be supported as a special case with M=1 serving TPs and CSI report setting, in which case a CSI report can correspond to interference from different combinations of co-scheduled MU-MIMO UEs. 
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Figure 5  Example partial measurement reporting configuration


[bookmark: _Toc471382040][bookmark: _Toc471728437][bookmark: _Toc471742495]A CSI report can correspond to more than one CSI-IM in a measurement setting
[bookmark: _Toc471382041][bookmark: _Toc471728438][bookmark: _Toc471742496]DCI can indicate which CSI-IMs are used for a given report
Conclusions
Based on the discussion in this contribution we propose the following:
Proposal 1	When a CSI report is triggered, the DCI selects one of the RRC configured CSI reporting settings
Proposal 2	An RS setting may contain a pool of CSI-RS resources configured by RRC
Proposal 3	If a triggered CSI report is associated with an RS setting that consists of a pool of CSI-RS resources, then the trigger message contains a resource selection from the pool
Proposal 4	For periodic CSI reporting and RS settings, only RRC is used. Measurements and reporting is configured by higher layers only
Proposal 5	Each CSI report corresponds to only one RS setting
Proposal 6	A CSI report can correspond to more than one CSI-IM in a measurement setting
Proposal 7	DCI can indicate which CSI-IMs are used for a given report
[bookmark: _In-sequence_SDU_delivery]
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