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Introduction
In previous meetings, the following agreements were made related to CSI framework:
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 applicable
· 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


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-RS resources across multiple users through pooling. The NR framework uses a decoupled approach between the Resource setting and CSI reporting settings, where resource settings can be used for channel as well as interference measurements, allowing for creative use of these components tailored for certain deployments. 
Use of CSI-RS resource sets 
The agreed framework supports configuration of N CSI report settings and M Resource settings and within each Resource setting it is possible to configure S≥1 CSI-RS resource sets, each of them containing Ks CSI-RS resources, for s=1,..,S. It is also agreed that the CSI-RS resource sets within a resource setting can be selected dynamically (if applicable), and that CSI-RS resources within a CSI-RS resource set also can be selected dynamically (if applicable). 
The use of CSI-RS resource set is typical in conjunction with beam management in medium to heavy loaded traffic in the service area, narrow beams and where many UE specific beams must be measured. In this case, it is beneficial from overhead perspective if two or more UEs can be dynamically triggered to measure on the same beam at the same time (i.e. share a CSI-RS resource). This is the primary use case for configuring more than one (S>1) CSI-RS resource sets and the associated dynamic signalling.   
See Figure 1 below for an overview for such operation. 


 Figure 1. A CSI measurement setting where CSI report settings 1 and 2 are dynamically triggered by DCI and one of the Resource settings contain a CSI-Rs resource set of S CSI-RS resources, having Ks CSI-RS resources each.. The selection of beams to measure on from the pool is also dynamically indicated by DCI
A note in the agreement says that each CSI-RS resource set corresponds to different selections from a “pool” of all configured CSI-RS resources to the UE. This allows the overhead of the DCI to be reduced, since different resource selections are pre-configured using RRC and the DCI points to a certain resource set when triggering a CSI report. 


 Figure 2. In this example, a CSI-RS resource pool of 7 CSI-RS resources of 2 ports each is configured. To reduce overhead in DCI signaling, CSI resource sets are pre-configured using RRC and sets can be selected by RRC
The CSI-RS resource sets can share CSI-RS resources, and different sets can be triggered simultaneously for different UEs and so that more than one UE can measure on the same CSI-RS resource (i.e. beam) simultaneously. The different CSI-RS resources can be mapped to different OFDM symbols in the slot and to different resource elements within an OFDM symbol. Hence, the Ks resources in a set s is configured to map to different OFDM symbols in case analog beamforming is used at the UE. 
It is up to the gNB how to efficiently configure the CSI-RS resource set(s) and the best configuration likely depends on the deployment scenario.  In some scenarios, a few beams have much higher selection probability than others and it makes sense to include a CSI-RS resource that probes these beams in several of the sets. 
Although the framework as agreed is extremely flexible, it is likely that some restrictions will imply to simplify UE implementation and the possible configurations. 
We thus make the following proposal:
[bookmark: _Toc474141898][bookmark: _Toc474141925][bookmark: _Toc474141932][bookmark: _Toc474141949][bookmark: _Toc474141973][bookmark: _Toc474141997][bookmark: _Toc474142015][bookmark: _Toc474142028]All CSI-RS resources within a CSI-RS set have the same number of antenna ports.
This proposal would also simplify the pooling. A typical value is 1 or 2 CSI-RS ports per CSI-RS resource when multiple CSI-RS resource sets (S>1) are configured. Note that CSI-RS resources with different number of antenna ports can still be configured using multiple Resource settings.
[bookmark: _Toc474141442][bookmark: _Toc474141696]Furthermore, not all CSI-RS resources are compatible with all CSI report settings.  For instance, a CSI-RS resource with P ports is not compatible with a CSI report setting that is configured with codebook configuration supporting P’ ports where P ≠ P’.  In addition, given that only certain time-domain behavior combinations of CSI-RS resource and CSI reporting are agreed to be supported in NR (see Table 1), the time-domain behavior of the CSI report setting has to be compatible with the time-domain behavior of the CSI-RS resource.  Hence, it should be further studied how to efficiently configure the measurement setting so as to minimize the control signaling overhead associated with dynamic indication of CSI report setting(s), CSI-RS resource set(s), and/or CSI-RS resources.  We thus make the following additional proposal:
[bookmark: _Toc474142016][bookmark: _Toc474142029]CSI Measurement setting configurations that minimize the control signaling overhead for dynamic indication are FFS.

[bookmark: _Ref474141945]Table 1.  Time-domain behavior combinations agreed to be supported
[bookmark: _Toc474141444][bookmark: _Toc474141698][bookmark: _Toc474141727][bookmark: _Toc474141820][image: ]

Other use cases of CSI framework
The NR CSI reporting framework is built upon a CSI measurement setting that include N CSI report settings and  M Resource 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=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 channel on different resource settings, and providing CQI, PMI, and/or RI based on only one corresponding resource setting. This hybrid approach reduces CSI-RS overhead and/or simplifies gNB complexity for long term CSI calculation. It is also possible to combine the resource setting with a pool of resources, if needed (i.e. if the cell is busy and beams are narrow). 



 Figure 3. Example Hybrid CSI reporting configuration
[bookmark: _GoBack]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 channel on different Resource settings, and provides CQI, PMI, and/or RI based on only one corresponding resource setting.



Figure 4  Example partial measurement reporting configuration

CoMP and MU-MIMO use cases
To support CoMP with M serving transmission points, MNZP RS settings with NZP CSI-RS 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 MNZP=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. 



 Figure 5. Example CoMP/MU-MIMO measurement reporting configuration.
[bookmark: _Toc471382040][bookmark: _Toc471728437][bookmark: _Toc471742495][bookmark: _Toc474152453][bookmark: _Toc474141445][bookmark: _Toc474141699][bookmark: _Toc474141728][bookmark: _Toc474141821][bookmark: _Toc474141874][bookmark: _Toc474141901][bookmark: _Toc474141928][bookmark: _Toc474141935][bookmark: _Toc474141952][bookmark: _Toc474141976][bookmark: _Toc474141999][bookmark: _Toc474142018][bookmark: _Toc474142030]A CSI report can correspond to more than one CSI-IM in a resource setting
[bookmark: _Toc471382041][bookmark: _Toc471728438][bookmark: _Toc471742496][bookmark: _Toc474152454][bookmark: _Toc474141446][bookmark: _Toc474141700][bookmark: _Toc474141729][bookmark: _Toc474141822][bookmark: _Toc474141875][bookmark: _Toc474141902][bookmark: _Toc474141929][bookmark: _Toc474141936][bookmark: _Toc474141953][bookmark: _Toc474141977][bookmark: _Toc474142000][bookmark: _Toc474142019][bookmark: _Toc474142031]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	All CSI-RS resources within a CSI-RS set have the same number of antenna ports.
Proposal 2	CSI Measurement setting configurations that minimize the control signaling overhead for dynamic indication are FFS.
Proposal 3	A CSI report can correspond to more than one CSI-IM in a measurement setting
Proposal 4	DCI can indicate which CSI-IMs are used for a given report
[bookmark: _In-sequence_SDU_delivery]
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