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[bookmark: _Ref485396056]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 the requirements of the CSI framework to support various typical use cases and scenarios, in terms of the values of , , , and .


[bookmark: _Ref178064866]Discussion

Beam Management Use Case
Figure 1 shows an example of a Resource setting configured with a CSI-RS resource pool.  The main benefit of the CSI-RS resource pool is to reduce the resource overhead by dynamically triggering one or more UEs to measure on the same beam at the same time (i.e., share a CSI-RS resource in a given measurement occasion).  

Having a fully flexible pool of CSI-RS resources to dynamically choose from in each measurement occasion would imply a large DCI overhead, hence it is beneficial to preconfigure by higher layers, a few selections from the pool and each such preconfigured selection is denoted a set. As also noted in the CSI framework agreement, each CSI-RS resource set corresponds to different selections from a “pool” of all configured CSI-RS resources to the UE.  

Therefore, in the agreed CSI framework, CSI-RS resource pooling is achieved by configuring multiple CSI-RS resource sets (i.e., ) to a UE and multiple UEs may have been configured with sets that overlap with sets of other UEs to achieve the pooling effect.

[bookmark: _Toc477898313][bookmark: _Toc485416002]As per the agreed CSI framework, CSI-RS resource pooling is achieved by configuring S>1 CSI-RS resource sets to a UEs.
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[bookmark: _Ref477966188]Figure 1. An example resource setting that includes a CSI-RS resource pool.
One typical use case for configuring a pool is beam management in medium to heavy loaded traffic in the service area.  Under such traffic conditions, many UE may be active and to reduce CSI-RS resource overhead one or more UEs may need to share CSI-RS resources (i.e., beam sharing) through pooling.  
Figure 2 shows an example resource pool with 11 CSI-RS resources distributed over 4 CSI-RS resource sets.  To dynamically select resources without restriction a bitmap of 11 bits would be needed. Due to the use of CSI-RS resource sets, this can be reduced to 2 bits in this example, since there are 4 CSI-RS resource sets. As shown in the figure, 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.
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[bookmark: _Ref485393369]Figure 2. An example resource pool with 11 CSI-RS resources configured within 4 CSI-RS resource sets.

Figure 3 shows a concrete example of the CSI configuration for beam management based on the concepts described above. Beam management typically consists of different procedures (P1, P2, P3) executed at different times. P1 is for establishment of an initial beam pair link (BPL), often coarse, between the gNB and UE. One approach for this is to make use of beamformed SS resources during the RACH procedure, and this process is described in more detail in [1]. Another is to configure the UE with a set of periodic CSI-RS resources on which to measure and report an initial gNB Tx beam. In a highly loaded system, this could be more efficient than aperiodically triggering CSI-RS resources for each user. Figure 3 shows one periodic report setting and one periodic resource setting configured for this purpose. The report setting is shown as periodic, since if a periodic resource is configured, it may be beneficial to use not just for initial BPL establishment, but on an ongoing basis, for example, to discover new beams.
The diagram also shows 3 other report settings configured for aperiodic CSI reports when the P2 or P3 procedures are executed. P2 for beam refinement of the initial coarse Tx beam, and P3 is for refinement of the UE Rx beam while the gNB Tx beam is held fixed. Two different report settings are shown for P2, one in which the UE reports CSI, including CRI, and another in which the UE reports RSRP (simpler computation, useful when there is a large number of beams to evaluate). The aperiodic report settings are all linked to a resource setting that contains multiple CSI-RS resource sets. The multiple CSI-RS resource sets can be configured, for example, with different numbers of resources, corresponding to different length beam sweeps. For example, for a P2 sweep, the UE could be aperiodically triggered to measure on 8 beams or 4 beams depending on the scenario or use case. A 3rd CSI-RS resource set is included with only 1 resource that could be used, for example, for a P3 refinement procedure. Note that the 3 sets shown in this diagram are for exemplary purposes only.
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[bookmark: _Ref485388992]Figure 3: Example setup of CSI configuration framework for beam management
In general, for the beam management use case, the  CSI-RS resources within CSI-RS resource set  can be mapped to different OFDM symbols in the slot in case analog beamforming is used at the UE/gNB.  Typically, 1 or 2 CSI-RS ports per CSI-RS resource are configured in this case.  The number of resources  depend on the number of beams to be swept as well as the number of available symbols in a slot that can be dedicated to CSI-RS.  For the case of a 14 symbol slot, values of  to be considered could be up to 14; however, this would only be for the special case where a whole slot is dedicated to beam sweeping and contains no PDCCH or PUCCH. In this case, cross slot scheduling would be needed. Accounting for PDCCH, guard for UL/DL transition, and short PUCCH, there may be only 9 symbols left in a slot that could be dedicated for beam sweeping. While it is not obvious exactly how many sets should be configured to cover all scenarios, perhaps an upper bound could be on the order of , thus requiring 3 bits to indicate the selected CSI-RS resource set.  For example, this could allow configuration sets with 1, 3, 5, 7, 9, 10, 12 14 resources. This is a very preliminary estimate, and further it neglects how the location (i.e., OFDM symbol position), of the CSI-RS resources is configured. For example, if it is decided in NR to have a fully flexible location, then there may be a need to configure different sets with the same length beam sweep but at different positions in the slot.
It is up to the gNB how to efficiently configure the CSI-RS resource set(s) which 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 CSI-RS resource sets.

To attain the resource overhead saving gains, a sufficient number  of CSI-RS resource sets should be configured for cases involving CSI-RS resource pools.  At the same time, the number  should be chosen such that the control signaling overhead due to dynamic triggering of CSI-RS resource sets is sufficiently small.  Hence, supporting a value of  could be a good starting point as mentioned above.  Based on the discussion, we make the following observation and proposal:
[bookmark: _Toc485416003]One typical use case for configuring S>1 CSI-RS resource sets is beam management where one or more UEs share CSI-RS resources (i.e., beam sharing) through pooling.

[bookmark: _Toc478000993][bookmark: _Toc478001384][bookmark: _Toc478004130][bookmark: _Toc478004609][bookmark: _Toc478006132][bookmark: _Toc478006376][bookmark: _Toc478007279][bookmark: _Toc478007403][bookmark: _Toc478007814][bookmark: _Toc478041622][bookmark: _Toc478034653][bookmark: _Toc478038849][bookmark: _Toc478141107][bookmark: _Toc478142791][bookmark: _Toc478142865][bookmark: _Toc478146007][bookmark: _Toc478146170][bookmark: _Toc481794702][bookmark: _Toc481794944][bookmark: _Toc481795039][bookmark: _Toc485216702][bookmark: _Toc485219136][bookmark: _Toc485221771][bookmark: _Toc485222340][bookmark: _Toc485389227][bookmark: _Toc485389291][bookmark: _Toc485392180][bookmark: _Toc485397535][bookmark: _Toc485415364][bookmark: _Toc485416007]For beam management use case, consider S=8 CSI-RS resources sets per resource setting, and Ks=1 – 14 CSI-RS resources per CSI-RS resource set as a starting point.   Consider M=4 different report settings and N=2 different report settings as a starting point.

LTE Class B like operation
A second use case for configuring a pool of CSI-RS resources is CSI acquisition with CRI (i.e., LTE Class B like operation with ).  When many UEs are active, the CSI-RS overhead needs to be reduced and this can be achieved when one or more UEs share CSI-RS resources (i.e., beam sharing) through pooling.

In the case of CSI acquisition with CRI, the  CSI-RS resources within CSI-RS resource set  can be mapped to same or different OFDM symbols in the slot and to different resource elements within an OFDM symbol.  Typically, the number of CSI-RS ports configured per CSI-RS resource in this case is 1, 2, 4, or 8.

In RAN1#89, it is already agreed that  for CSI acquisition.  In terms of the number of CSI-RS resource sets, a sufficient number of CSI-RS resource sets should be configured to enable sharing of CSI-RS resources between UEs.  For instance, in Error! Reference source not found., two resources are shared between CSI-RS resource set 1 and CSI-RS resource set 3.  To find a good balance between CSI-RS resource sharing flexibility and the control signaling overhead due to dynamic triggering of CSI-RS resource sets, supporting a value of  can be a good starting point.  

[bookmark: _GoBack]In terms of the number of CSI reporting setting, a single CSI reporting setting is sufficient for LTE Class B like operation.  One CSI resource setting is sufficient for channel measurement and 1-2 CSI resource settings may be needed for interference measurement (one CSI resource setting containing ZP CSI-RS based IMR and one CSI resource setting containing NZP CSI-RS based IMR).  Based on the above discussion, we make the following observation and proposal:

[bookmark: _Toc485416004]A second use case for configuring S>1 CSI-RS resource sets is CSI acquisition with CRI where one or more UEs share CSI-RS resources (i.e., beam sharing) through pooling.

[bookmark: _Toc485216703][bookmark: _Toc485219137][bookmark: _Toc485221772][bookmark: _Toc485222341][bookmark: _Toc485389228][bookmark: _Toc485389292][bookmark: _Toc485392181][bookmark: _Toc485397536][bookmark: _Toc485415365][bookmark: _Toc485416008]For LTE Class B like operation, consider N=1 CSI reporting setting and M=2-3 CSI resource settings.  For LTE Class B operation with Ks>1, consider S=4 CSI-RS resource sets.  For LTE Class B operation with Ks=1, a single (i.e., S=1) CSI-RS resource set is sufficient.

LTE Class A like operation
For pure LTE Class A like operation (without combining with other use cases), we do not see the need to support CSI-RS resource pools.  Hence, a single CSI-RS resource set is sufficient.  In terms of the number of CSI reporting setting, a single CSI reporting setting is also sufficient.  One CSI resource setting is sufficient for channel measurement and 1-2 CSI resource settings may be needed for interference measurement (one CSI resource setting containing ZP CSI-RS based IMR and one CSI resource setting containing NZP CSI-RS based IMR).  Based on the above discussion, we make the following proposal:

[bookmark: _Toc485389229][bookmark: _Toc485389293][bookmark: _Toc485392182][bookmark: _Toc485397537][bookmark: _Toc485415366][bookmark: _Toc485416009]For LTE Class A like operation, consider N=1 CSI reporting setting, M=2-3 CSI resource settings, and S=1 CSI-RS resource sets.
Use case with hybrid CSI reporting
As shown in Figure 4, in hybrid CSI reporting, a periodic, non-precoded CSI-RS is transmitted with rather long periodicity (~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.  Hence, for the use case with hybrid CSI reporting, at least  CSI report settings and at least  resource settings should be considered.

[bookmark: _Toc485397538][bookmark: _Toc485415367][bookmark: _Toc485416010]For the use case with hybrid CSI reporting, at least N=2 CSI reporting settings and M=2 resource settings should be considered.
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[bookmark: _Ref485393385]Figure 4. A use case with hybrid CSI reporting.

Multi-TRP use case
Perhaps one of the more demanding use cases in terms of number of settings is a multi-TRP scenario, e.g., for NC-JT or CoMP. Figure 5 shows an exemplary CoMP scenario with 4 TRPs in a CoMP cluster. The diagram also illustrates one NZP CSI-RS transmitted from each TRP along with a total of 4 ZP CSI-RS. An NZP CSI-RS for a given TRP overlaps the ZP CSI-RSs for the other 3 TRPs. The ZP CSI-RS resources may be used by the UE for intra-cluster interference measurement purposes when forming multiple interference hypotheses, e.g., for dynamic point selection (DPS). One additional ZP CSI-RS resource is shown (white) for the purposes of interference measurement from outside the CoMP cluster.

[image: ]
[bookmark: _Ref485393954]Figure 5: Exemplary CoMP scenario with 4 TRPs within a CoMP cluster
Figure 6 shows an exemplary setup of the CSI configuration framework for the 4-TRP CoMP scenario in Figure 5. The framework includes 4 resource settings each containing a single NZP CSI-RS resource corresponding to a given TRP. These are used for the purposes of channel measurement. A 5th resource setting includes the 4 orthogonal ZP CSI-RS resources used for intra-cluster interference measurement for various hypotheses of which TRPs may or may not be active. A 6th resource setting includes the ZP CSI-RS resource for the purposes of inter-cluster interference measurement. The framework also includes 4 different report settings with one per TRP. This setup is analogous to the configuration of 4 different CSI processes in LTE. The diagram also shows dynamic selection of 1 of the 4 report settings. Depending on which report setting is selected (corresponding to a particular TRP), 3 out of 4 ZP CSI-RS resources corresponding to the other 3 TRPs are selected. This could be achieved, for example, by forming 4 different CSI-RS resource sets of ZP CSI-RS resources, where the desired set corresponding to a given TRP is selected.

The report settings can be configured in different ways depending on the use case. For a DPS use case, the UE could be triggered to report CSI corresponding to each TRP separately by triggering all 4 CSI report settings. For a given report setting corresponding to a particular TRP, the UE computes a single hypothesis by selecting the appropriate CSI-RS resource set in Resource Setting 5 which consists of the ZP CSI-RS resources corresponding to the other 3 TRPs. In a companion paper [2] we discuss this use case in more detail.

Another use case is co-ordinated scheduling/link adaptation in which the UE reports multiple hypotheses corresponding to each report setting, where the multiple hypotheses correspond to different combinations of the 3 other TRPs being on or off. Based on the multiple hypotheses, the gNB scheduler can determine the optimal combination for a given set of users. In this case, the gNB canschedule the appropriate rate since it has CSI for all hypotheses in hand.

Yet another use case is NC-JT which can use a framework quite similar to that shown in Figure 6, but with different links between the report settings and resource settings. This too is discussed further in the companion paper [2].

Regardless of the use case, the important observation is that in a multi-TRP scenario, both the number of report settings and the number of resource settings scales with the number of TRPs. In addition, the number of CSI-RS resource sets within at least one of the resource settings (e.g., Resource Setting 5) also scales with the number of TRPs, as does the number of resources in each set. Note that while this basic scaling is inherent for this use case, there may be ways to optimize the configuration and associated signalling overhead. Such optimizations are FFS.

[bookmark: _Toc485416005]For the multi-TRP use case, the number of report settings, resource settings, CSI-RS resource sets, and resources per CSI-RS resource set can scale with the number of TRPs.

[bookmark: _Toc485397539][bookmark: _Toc485415368][bookmark: _Toc485416011]For the multi-TRP use case with J TRPs, as a starting point consider N = J report settings, M = J + 2 resource settings, where at least one resource setting contains S = J sets of resources with Ks = J-1 resources each.
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[bookmark: _Ref485394898]Figure 6: Exemplary setup of the CSI configuration framework for the 4-TRP CoMP scenario in Figure 5.
Use cases with CA
While carrier aggregation has not been considered in detail here, it is important to note that the number of settings can also scale with the number of component carriers since CSI feedback is typically requested for each CC. In NR, it has been agreed to support up to 16 CCs. To limit the configuration complexity and the dynamic signalling overhead, CCs can be grouped such that CSI reporting for a group of CCs is triggered. Denoting Q as the maximum number of configured CCs, and Qcc as the number of groups, the maximum number of reporting settings and resource settings is roughly equal to Q / Qcc.

[bookmark: _Toc485416006]For carrier aggregation, the number of reporting settings and resource settings scales with the number of configured CCs. By restricting the number of combinations of CCs that may be triggered, the configuration complexity and signalling overhead may be reduced.

Conclusions
In this contribution, we discuss the requirements of the CSI framework in terms of the values of , , , and  for some typical use cases.

[bookmark: _In-sequence_SDU_delivery]Based on the discussion we make the following observations:
Observation 1	As per the agreed CSI framework, CSI-RS resource pooling is achieved by configuring S>1 CSI-RS resource sets to a UEs.
Observation 2	One typical use case for configuring S>1 CSI-RS resource sets is beam management where one or more UEs share CSI-RS resources (i.e., beam sharing) through pooling.
Observation 3	A second use case for configuring S>1 CSI-RS resource sets is CSI acquisition with CRI where one or more UEs share CSI-RS resources (i.e., beam sharing) through pooling.
Observation 4	For the multi-TRP use case, the number of report settings, resource settings, CSI-RS resource sets, and resources per CSI-RS resource set can scale with the number of TRPs.
Observation 5	For carrier aggregation, the number of reporting settings and resource settings scales with the number of configured CCs. By restricting the number of combinations of CCs that may be triggered, the configuration complexity and signalling overhead may be reduced.

Based on the discussion we propose the following:
Proposal 1	For beam management use case, consider S=8 CSI-RS resources sets per resource setting, and Ks=1 – 14 CSI-RS resources per CSI-RS resource set as a starting point.   Consider M=4 different report settings and N=2 different report settings as a starting point.
Proposal 2	For LTE Class B like operation, consider N=1 CSI reporting setting and M=2-3 CSI resource settings.  For LTE Class B operation with Ks>1, consider S=4 CSI-RS resource sets.  For LTE Class B operation with Ks=1, a single (i.e., S=1) CSI-RS resource set is sufficient.
Proposal 3	For LTE Class A like operation, consider N=1 CSI reporting setting, M=2-3 CSI resource settings, and S=1 CSI-RS resource sets.
Proposal 4	For the use case with hybrid CSI reporting, at least N=2 CSI reporting settings and M=2 resource settings should be considered.
Proposal 5	For the multi-TRP use case with J TRPs, as a starting point consider N = J report settings, M = J + 2 resource settings, where at least one resource setting contains S = J sets of resources with Ks = J resources each.
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