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Introduction
After RAN1#89, following email discussion was started.
[89-17] Rakesh (CATT)
NR CSI framework
Email discussion till 27th June on the following
•             Maximum number of CSI reporting settings (N value), maximum number of resources settings (M value), maximum number of resource sets (S value), the number of links (L), and/or maximum number resources per resource set  (Ks value) in both non-CA and CA scenarios

Summary
Nine companies provided their views on CSI framework. Following summary is drawn according to the input from companies.
For Multi TRP operation, regardless of number of cooperating TRPs the number below is proposed as maximum number for each settings/sets.
For carrier aggregation, regardless of number of carriers the number below is proposed as maximum number for each settings/sets.

· Maximum number of CSI reporting settings (N value)

· Beam management: 2 (ZTE, Intel, Qualcomm, Samsung), 4 (E///), 2 or 3 (Huawei, CATT), 5 (considering 3 TRPs) (DOCOMO), >2 (LGE)
· CSI acquisition: 2 (ZTE), 2 (one for semi persistent, one for aperiodic)(DOCOMO)
· LTE class B like operation: 1 (E///, Huawei, Intel, CATT, Qualcomm, Samsung), >1 (LGE)
· LTE class A like operation: 1 (E///, Huawei, Intel, CATT, Qualcomm, Samsung), >1 (LGE)
· Hybrid operation: 2 (E///, Huawei, Intel, CATT, LGE, Qualcomm, Samsung), 
· Reciprocity based: 1 (Huawei, CATT)
· OL/semi-OL transmission: > 3 (LGE)
· Multi TRP operation: J (J is number of cooperating TRPs) ( E///, Huawei, ZTE, CATT), 1 (Intel), >3 (LGE), 3 (Qualcomm), 4 (Samsung(at least 2 cooperating TRPs))
· Carrier aggregation: Qcc (Qcc is number of CC group) (E///) , 1 (Intel, LGE, Samsung(1 per CC, up to 64CCs)),

· Maximum number of resource settings (M value)

· Beam management: 2 (ZTE, E///, Intel, Qualcomm, Samsung), 3 (Huawei, CATT), 5 (DOCOMO), >3 (LGE)
· CSI acquisition: 2 (ZTE), 8 (E///), 9 (Huawei), 2 (CATT), 4 (DOCOMO)
· LTE class B like operation: 2 (E///, Huawei, Qualcomm, Samsung), 1 (Intel), >2 (LGE)
· LTE class A like operation: 2 (E///, Huawei, Qualcomm, Samsung), 1 (Intel), >2 (LGE)
· Hybrid operation: 4 (E///, Samsung), 3 (Huawei, Qualcomm), 2 (Intel), 3 or 4 (LGE)
· Reciprocity based: 2 (Huawei)
· OL/semi-OL transmission: > 2 (can be common for class B or class A)(LGE)
· Multi TRP operation: J + 2 (J is number of cooperating TRPs) (E///), 2 per reporting setting(Huawei), 1 per CC (Intel), >6 (LGE), 4 (for CSI acquisition) (Qualcomm), 3 (per CC) (Samsung)
· Carrier aggregation: ~Q (Q is number of CC) (E///), 16 (Intel), 64 (1 per CC)(Samsung)

· Maximum number of resource sets (S value) 

· Beam management, S: 2 (ZTE, if Option 2 is adopted), 8 (E///), 4 or 8(Huawei), 4 (Intel, Qualcomm), 8 or more (DOCOMO), 1 (LGE, Samsung) , S and M are interchangeable (CATT)
· CSI acquisition, S: 1(per TRP, ZTE), S and M are interchangeable (CATT)
· LTE class B like operation: 4 (for Class B, K>1) 1 (for Class B, K=1) (E///, Huawei), 4 (Intel), 1 (LGE, Qualcomm, Samsung)
· LTE class A like operation: 1 (E///, Huawei, Intel, LGE, Qualcomm, Samsung)
· Hybrid operation: 4 (same as Class B, K>1) (E///, Intel), 1 or 4 (Huawei), 1 (LGE, Qualcomm, Samsung)
· Reciprocity based: 1
· OL/semi-OL transmission: 1 (LGE)
· Multi TRP operation: J (for interference measurement) (J is number of cooperating TRPs, E///) 4 or more (Huawei), 4 (Intel), 3(for interference measurement)(Qualcomm), 1 (Samsung)
· Carrier aggregation: 4 (Intel), 1 (Samsung)

· Maximum number of resources per resource set (Ks value)

· Beam management: depends on number of ports per resource and Tx beams to be scanned (ZTE, per resource setting), 14 (E///), >8 (Huawei), can be more than 14 (CATT), 56 (Intel), 8, 16 or more (DOCOMO), 8 (LGE), 48 (Qualcomm), 64 (Samsung)
· CSI acquisition: 2+4 per resource setting (ZTE, two for channel measurement, and four for interference measurement), 8 (Huawei, CATT)
· LTE class B like operation: 8 (for Class B, K>1)  1 (for Class B, K = 1) (E///), 8 (Intel, LGE, Samsung), 1 or 8 (Qualcomm)
· LTE class A like operation: 1 (E///, Intel, LGE, Qualcomm, Samsung)
· Hybrid operation: 8 (same as Class B, K>1) (E///), 4 (Intel), 8 (LGE, Qualcomm), 1 or 8 (Samsung)
· OL/semi-OL transmission: 8 (LGE)
· Multi TRP operation: J-1 (J is number of cooperating TRPs, E///), 4 (Intel), 8 (LGE), 2 (for interference measurement)(Qualcomm), 1 per TRP (Samsung)
· Carrier aggregation: 4 (Intel), 1 (Samsung)

· Number of Links: 

· Max L depends on the above discussed maximum number of N, M.(Huawei, ZTE, CATT)
· Beam management: 4 (equal to N) (E///, Intel), 9 (DOCOMO), M-1 (LGE), 2 (Samsung)
· CSI acquisition:
· LTE class B like operation: 2 (E///, Qualcomm), 1 (Intel, Samsung), 
· LTE class A like operation: 2 (E///, Qualcomm), 1 (Intel, Samsung),
· Hybrid operation: 3 (equal to M) (E///), 2 (Intel), 4 (Qualcomm, Samsung)
· Multi TRP operation: 3*J (J is number of cooperating TRPs, E///), 6 (Qualcomm), 1 (Samsung)
· Carrier aggregation: 12 (one per CC) (Intel), 64 (1 per CC)(Samsung)


Input from companies

	
	Company views
	Remarks

	1
	Use cases: e.g.
· Beam management
· CSI acquisition
· LTE class A like operation
· LTE class B like operation
· Reciprocity based operation
· Multi TRP operation 
· Hybrid operation
	[CATT]: reporting settings, resource settings, and the relevant links should flexibly supporting beam management and CSI acquisition. For beam management, multi-TRP operation should be considered. For CSI acquisition, different operations including codebook based, reciprocity based, hybrid based operations should be considered. 
[ZTE]: NR CSI framework should be flexible enough to support at least following use cases. Maximum number of report settings, resource settings, links and resources per setting should depend on these use cases.
1. Beam management, including P1/P2/P3
2. Operation with codebook for NP CSI-RS or BF CSI-RS
3. Multi-TRP operation
4. Hybrid CSI operation
5. CSI to support transparent semi-OL
6. NZP CSI-RS based interference measurement
7. Simultaneous support of periodic, semi-persistent and aperiodic CSI reporting or CSI-RS configuration
[DOCOMO] We also understand that CSI framework is applied for the scenario listed in the left. For some operation, they should be used in combination, e.g., “beam management + class A CSI” and “beam management + multi-TRP operation”. Note that our following comments are limited to single CC case.

	2
	Maximum number of CSI reporting settings (N value): at least N=[12 or 24]

	[CATT]: Considering [3 or 6] TRPs, following reporting settings are configured corresponding to a TRP
· Setting 1: CRI, RSRP
· Setting 2: RI, PMI, CQI
· Setting 3: CRI, RI, PMI, CQI
· Setting 4: RI, CQI
[ZTE]: Companies should be aligned on what the maximum number of report settings implies first. To our understanding, maximum number of settings means the maximum number of settings can be configured simultaneously. Otherwise identifying the maximum number does not make sense from spec point of view. Based upon this understanding, our view on maximum number of settings is given below.
· For beam management, 2 report settings for each TRP: P1 and P2/P3 should have different report settings as the purpose of P1 is to identify stable beams, and P2/P3 is used for Tx/Rx beam refinement. Hence they can be configured simultaneously. Moreover, the use case of simultaneous support on all types of periodic timings (i.e. periodic and semi-persistent/aperiodic) for P1/P2/P3 report is not clear.
· For CSI acquisition, 2 report settings for each TRP: Joint configuration of CSI report for hybrid CSI should be supported. Then considering periodic and semi-persistent/aperiodic CSI reporting for CSI can be configured at the same time as LTE, the maximum number of report settings for CSI acquisition per TRP can be 2. 
· Whether joint or dependent CSI acquisition among multiple TRPs should be supported impact the final value. Hence details for multi-TRP can be FFS. If we take independent CSI report as a baseline, to match with LTE for 4 CSI processes, it seems reasonable to support 2x4=8 reporting settings for CSI acquisition.  Adding beam management for three TRPs, it would be 6 reporting settings for beam management and 8 reporting settings for CSI acquisition.
[DOCOMO] Examples for “beam management + CoMP (with 3 TRPs)” are shown below.
· Setting 1-2: CRI, RSRP (semi-persistent beam management; P1 and P2orP3)
· Setting 3-5: CRI, RSRP (aperiodic beam management; P1, P2 and P3)
· Setting 6: RI, PMI, CQI (semi-persistent CSI reporting)
· Setting 7: RI, PMI, CQI (aperiodic CSI reporting)

	3
	Maximum number of resource settings (M value): at least M= [12 or 24]

	[CATT]: Considering [3 or 6] TRPs, following resource settings are configured corresponding to a TRP
· Setting 1: [16 or 32] CSI-RS resources, periodic, for P2 
· Setting 2: [16 or 32] CSI-RS resources, periodic, for P3
· Setting 3: [16 or 32] CSI-RS resources, aperiodic, for P2 and P3
· Setting 4: up to 8 CSI-RS resources, up to 32 ports, for CSI acquisition,
[ZTE]: Similarly as report settings, simultaneous support of periodic, semi-persistent and aperiodic CSI-RS configurations should be considered. 
· For beam management, we support maximum 2 resource settings: Resources for P1 and P2/P3 should be configured separately. Moreover, the use case of configuring both periodic and aperiodic/semi-persistent P1 CSI-RS or P2/P3 CSI-RS is not clear.
· For CSI acquisition, we support maximum 2 resource settings: CSI-RS resources for hybrid CSI can be configured jointly in one setting. Hence two resource settings for CSI acquisition is sufficient, one is for periodic CSI-RS and the other one is for aperiodic/semi-persistent CSI-RS.
[DOCOMO] Examples for “beam management + CoMP (with 3 TRPs)” are shown below.
· Setting 1-2: CSI-RS resource for semi-persistent beam management (P1 and P2orP3)
· Setting 3-5: CSI-RS resource for aperiodic beam management (P1, P2 and P3)
· Setting 6-8: CSI-RS resource for semi-persistent CSI reporting (TRP 1-3)
· Setting 9: CSI-RS resource for aperiodic CSI-RS reporting (Common for TRP 1-3)

	4
	Maximum number of resource sets (S value): 1 or more
	[CATT]: in our view, resource set and resource setting are equivalent. If there is only 1 resource set per resource setting then the UE can be configured more resource settings and if there are multiple resource sets per resource setting then the UE can be configured less resource settings. Same functionality can be achieved with both configurations.
[ZTE]: The definition of resource set is not clear to us. At least two options can be identified for resource set configuration.
· Option 1: Resources in each resource set are configured independently. For example,
Resource setting m {
Resource set 1 {Resource 1, ..., Resource K1}; ...;
Resource set S {Resource 1, ..., Resource KS}
}
· Option 2: Resources are defined as a pool in resource setting, and each resource set just selects the resource IDs from the pool. For example, 
Resource setting m {
Resource 1, resource 2, ..., resource K
Resource set 1 { Resource ID i1, Resource ID i2,..., Resource ID iK1 }; ... ;
Resource set S {Resource ID i1, Resource ID i2,..., Resource ID iKS}
}
For beam management, if a resource set is defined, it should be used to configured a subset of resources in a pool of resources configured in a resource setting. Resource set should contain a set of resource IDs pointing to the resources configured in a resource setting instead of a set of resources. From our perspective, Option 2 is more reasonable as one same resource does not need to be defined multiple times in different resource sets. If Option 2 is the correct understanding, defining multiple resource sets is helpful as one resource pool can be shared among multiple UEs, and one UE can just measure a subset of the pool at one time. If we follow this logic, discussing maximum number of resources per resource setting seems more natural than discussing maximum number of resources per resource set. 
The maximum number of resource sets depends on which Option is the right understanding. If it is Option 1, then maximum number of resource sets is 1 (i.e. resource setting is equivalent to resource set) for both beam management and CSI acquisition. If it is Option 2, maximum number of resource sets per resource setting can be 4 x 3(TRPs) = 24 for beam management. For CSI acquisition, we don’t see any potential use cases to configure large number of resources, i.e., one resource set is sufficient. 
[DOCOMO] Beam management requires relatively large number of resource sets. If 64 beams are grouped into 8 beams, we need S of 8 (=64/8). If CSI-RS resources in different groups overlap, it will be larger such as 21 (Reference: R1-1711077).

	5
	Maximum number of resources per resource set (Ks value): e.g.
· 8 for CSI acquisition
· [16 or 32] for beam management
	[bookmark: _GoBack][ZTE]: As discussed above, we should define maximum number of resources per resource setting instead of per resource set. The maximum number of resources per resource set is equivalent to number of resources per resource settings.
· Beam management: For beam management, number of resources per setting should depend on number of ports per resource and Tx beams to be scanned.
· CSI acquisition: Consider 3 TRPs and 4 CSI processes in LTE, maximum number of resources for CSI acquisition in each resource setting can be 10, where 6 of them are used for channel measurement considering hybrid CSI and multiple TRPs, and the other 4 are used for interference measurement including MU interference and inter-TRP interference. For each TRP, as beam selection can be done in port level based on the agreed codebook for BF CSI-RS, two resources are sufficient for channel measurement considering joint configuration of hybrid CSI.
[DOCOMO] 8, 16 or larger for beam management.

	6
	The number of link (L value): the maximum value depends on the max N and max M, max S (is S>1)
	[CATT]: the links among resource settings and reporting settings are higher layer configured. 
[ZTE]: Maximum number of links should depend on the maximum numbers of report settings and maximum number of total resources.
[DOCOMO] Examples for “beam management + CoMP (with 3 TRPs)” are shown below. (Resource setting, Reporting setting) = (1, 1), (2, 2), (3, 3), (4, 4), (5, 5), (6, 6), (7, 6), (8, 6), (9, 7)



Here is some input from Ericsson:
	
	Company views
	Remarks

	1
	Use cases we have considered
· Beam management
· CSI acquisition
· LTE class B like operation
· LTE class A like operation
· Hybrid operation
· Multi TRP operation
· Carrier aggregation
	· We have considered each use case separately as a first step. These are discussed further in our Tdoc R1-1711034. As a second step, we will need to further discuss combinations of use cases.
· For multi-TRP, the number of report and resource settings scales with the number of TRPs (denoted J); hence we need to discuss further the maximum number of TRPs, e.g., within a CoMP cluster.
· For multi-TRP, different use cases exist, e.g., DPS, co-ordinated scheduling/link-adaptation, and each one may require a slightly different configuration. Below we try to be quite general to cover multiple use cases.
· For carrier aggregation, Q is the number of configured CC’s. The maximum is 16 for NR. Qcc is the number of CC groups. It is assumed that CSI is triggered for a group of CCs.

	2
	Maximum number of CSI reporting settings (N value)
· Beam management: 4 as a starting point
· LTE class B like operation: 1
· LTE class A like operation: 1
· Hybrid operation: 2
· Multi TRP operation: J
· Carrier aggregation: ~Qcc
	· For beam management, separate reporting settings for P1,P2,P3,and different report quantities (RSRP, CSI)
· For multi-TRP, one report setting per TRP
· For CA, the number of reporting settings scales with the number of CC groups Qcc.


	3
	Maximum number of resource settings (M value)
· Beam management: 2 as a starting point
· LTE class B like operation: 2
· LTE class A like operation: 2
· Hybrid operation: 4 
· Multi TRP operation: J + 2
· Carrier aggregation: ~Q
	· For Class A and B, consider 2 resource settings: e.g., NZP CSI-RS for channel measurement and ZP CSI-RS for interference measurement
· For multi-TRP, we have one resource setting per TRP, then 2 additional ones: the 1st with ZP CSI-RS resources for intra-cluster interference measurement and a 2nd for inter-cluster interference measurement.
· For CA, the number of resource settings scales with the number of CCs

	4
	Maximum number of resource sets* (S value):
· Beam management: 8 
· LTE class B like operation: 4 (for Class B, K>1), 1 (for Class B, K=1)
· LTE class A like operation: 1
· Hybrid operation: 4 (same as Class B, K>1)
· Multi TRP operation: J (for interference measurement)
· Carrier aggregation: TBD

*Note: this is the maximum number per resource setting
	· For beam management, the use of multiple sets within a resource setting is natural for this use case. For example, different sets with different numbers of resources may be configured for different length beam sweeps (# of OFDM symbols), for the P1, P2, and P3 procedures. 8 comes from defining different sets for 1,3,5,7,9,10,12,and 14 symbol beam sweeps.
· Resource pooling is beneficial for both beam management and Class B K>1 operation with beam sharing, motivating having multiple sets.
· For multi-TRP, the resource setting containing ZP CSI-RS resources has J sets (i.e., one per TRP) of J-1 resources each corresponding to the other J-1 TRPs.

	5
	Maximum number of resources per resource set (Ks value):
· Beam management: 14
· LTE class B like operation: 8 (for Class B, K>1),  1 (for Class B, K = 1)
· LTE class A like operation: 1
· Hybrid operation: 8 (same as Class B, K>1)
· Multi TRP operation: J-1
· Carrier aggregation: TBD
	· For beam management, 14 comes from the maximum number of symbols in one slot that could be used for CSI-RS beam sweeping.
· For CSI acquisition, max Ks has already been agreed to be 8

	6
	The maximum number of links (L value)
· Beam management: 4 (equal to N)
· LTE class B like operation: 2 (equal to M)
· LTE class A like operation: 2 (equal to M)
· Hybrid operation: 3 (equal to M)
· Multi TRP operation: 3*J
· Carrier aggregation: TBD
	· For multi-TRP, there are links from each of the J report settings to 3 different resource settings: NZP for channel measurement, ZP for intra-cluster interference measurement, and ZP for inter-cluster interference measurement





Views from Huawei:
	
	Company views
	Remarks

	1
	Use cases at least include
· Beam management
· CSI acquisition
· LTE class A like operation
· LTE class B like operation
· Reciprocity based operation
· Multi TRP operation 
· Hybrid operation
	· We would like to consider each use case first, and then the overall design perspective can be discussed. Details for each use case can be found in R1-1709931 and the references therein.
· For beam management, P1/P2/P3 are discussed separately.
· Number of CSI related settings for multi TRP operation depends on the number of TRPs (P) in coordination.

	2
	Maximum number of CSI reporting settings (N value): 
· BM P1: 1
· BM P2: 1
· BM P3: 0 or 1
· LTE Class A like: 1
· LTE Class B like: 1
· Hybrid operation: 2
· Reciprocity based: 1
· Multi TRP operation: P, the number of TRPs in coordination
	· For BM, separate reporting settings are configured, due to different reporting contents (CRI, L1 RSRP, etc.) and time domain behaviors (periodic/semi-persistent/aperiodic) for each procedure.
· For BM P3, no reporting setting is to be configured, if L1 RSRP is not to be reported.
· For multi TRP, one reporting setting corresponds to one TRP

	3
	Maximum number of resource settings (M value): 
· BM P1: 1
· BM P2: 1
· BM P3: 1
· LTE Class A like: 2
· LTE Class B like: 2
· Hybrid operation: 3
· Reciprocity based: 2
· Multi TRP operation: 2 for each reporting setting
	· For BM P3, one resource setting is configured, no matter whether a reporting setting is configured or not.
· For Class A/B like, one resource setting for channel measurement, the other resource setting for interference measurement.
· For hybrid operation, one resource setting for the first stage, two resource settings for the second stage. In the second stage, one resource setting for channel measurement, the other for interference measurement.
· For reciprocity operation, one resource setting for channel measurement, the other resource setting for interference measurement.
· For multi TRP operation, two resource settings are associated with each reporting setting, one for channel measurement, the other for interference measurement.

	4
	Maximum number of resource sets (S value):
· BM P1: 1
· BM P2: 4 or 8
· BM P3: 4 or 8
· LTE Class A like: 1
· LTE Class B like: 1 or 4
· Hybrid operation: 1 or 4
· Reciprocity based: 1
· Multi TRP operation: 4 or more, depends on number of TRPs in coordination, and number of interference hypothesis to be measured
	· For BM, 4 as a starting point for the maximum number of resource sets, and other values can be further considered, e.g. 8.
· For LTE Class B like, 1 for K=1 case, 4 for K>1 case.
· For hybrid operation, 1 for Class A/B(K=1) case, 4 for Class B(K>1) case.
· For multi TRP, multiple resource sets are configured in the resource setting for interference measurement, corresponding to different interference hypothesis.

	5
	Maximum number of resources per resource set (Ks value): 
· 8 for CSI acquisition
· >8 for beam management
	· 8 for CSI acquisition has already been agreed

	6
	The number of link (L value): 
· Max L depends on the above discussed maximum number of N, M.
	· 



Input from Intel:
	
	Company views
	Remarks

	1
	Use cases we have considered
· Beam management
· CSI acquisition
· LTE class B like operation
· LTE class A like operation
· Hybrid operation
· Multi-TRP operation
· Carrier aggregation
	· Consider the BM for both single TRP and multi-TRP case.
· Consider the CSI acquisition with multi-TRP and CA
· The overall CSI framework for the CSI acquisition, including parameters on the issue - N, M, L, S, KS - should be considered separately from that for beam management, since those numbers to be supported are significantly different from each other. Further, in Intel’s view, it can be the more efficient manner to determine the CSI framework structure itself separately between CSI acquisition and beam management.
· Intel’s view is that it is premature stage to determine the concrete numbers; the potential numbers as a base-line are provided in this paper.

	2
	Maximum number of CSI reporting settings (N value)
· Beam management: 2
· LTE class B like operation: 1
· LTE class A like operation: 1
· Hybrid operation: 2
· Multi-TRP operation: 1
· Carrier aggregation: 1
	· For BM, up to 2 reporting setting is considered with regard to BM for multi-TRP case, one reporting setting for one TRP. The reporting is L1-RSRP.
· Even one CSI reporting setting can include multiple links to resource settings. In the scenario of CA, it can be considered that up to 16 CCs with the associated 16 links are connected to one reporting setting to efficiently categorize that case in reporting settings.
· Regarding Hybrid CSI framework, Intel’s preference is to separate the procedure between long-term and short-term CSI reports.
· For multi-TRP operation, N is per TRP.


	3
	Maximum number of resource settings (M value)
· Beam management: 2
· LTE class B like operation: 1 
· LTE class A like operation: 1
· Hybrid operation: 2
· Multi-TRP operation: 1 per CC
· Carrier aggregation: 16 (1 per CC)
	· For BM, one resource setting per TRP
· In CSI acquisition, it can be considered that each CC has an individual CSI resource setting apart from other CCs, and each resource set in a resource setting is mapped to a CSI process in LTE.
· For multi-TRP operation, N is per TRP per CC.

	4
	Maximum number of resource sets* (S value):
· Beam management: 4 
· LTE class B like operation: 4
· LTE class A like operation: 1
· Hybrid operation: 4
· Multi-TRP operation: 4 
· Carrier aggregation: 4

*Note: this is the maximum number per resource setting
	· For BM, the number of 1, 2, 4, 14 symbols of CSI-RS are considered.
· For CSI acquisition, up to 4 resource sets per resource setting. It can have a potential to increase for multiple TRPs more than 2 in the future.
· For LTE class B like operation, it can be efficient to have multiple resource sets as BM.

	5
	Maximum number of resources per resource set (Ks value):
· Beam management: 56
· LTE class B like operation: 8
· LTE class A like operation: 1
· Hybrid operation: 4
· Multi-TRP operation: 4
· Carrier aggregation: 4
	· For BM, up to 14 symbols and 4 beams per symbol, so totally 56 resources.
· For CSI acquisition, each resource set, s may have up to 4 resources; e.g., one for channel estimation and, potentially, three for interference measurement.
· For CSI acquisition, the agreement is Ks ≤ 8.

	6
	The maximum number of links (L value)
· Beam management: 4
· LTE class B like operation: 1 
· LTE class A like operation: 1 
· Hybrid operation: 2
· Multi-TRP operation: 1
· Carrier aggregation: 12 (1 per CC)
	· For BM, 2 links per TRP. Up to 2 TRP is supported.
· For CSI acquisition, each link is connected between a specific report setting and resource setting, the detailed resource sets and resources can be configured inside each resource setting.




Input from LG Electronics:
	
	Company views
	Remarks

	1
	Use cases we have considered
· Beam management
· CSI acquisition
· LTE class B like operation
· LTE class A like operation
· Hybrid operation
· Multi-TRP operation
· Carrier aggregation
· OL/semi-OL transmission
	· CSI framework can be configured per CC independently so that we would need to focus on per-CC operation first.
· Since LTE class A & B operation is for closed-loop MIMO transmission, we need separated CSI reporting(s) for OL/semi-OL transmission as well.

	2
	Maximum number of CSI reporting settings (N value)
· Beam management: more than 2
· LTE class B like operation: more than 1
· LTE class A like operation: more than 1
· Hybrid operation: 2
· Multi-TRP operation: more than 3
· OL/semi-OL transmission: more than 3
	· For BM, at least one periodic reporting for P-1 and at least one reporting settings for semi-persistent/aperiodic P-2 would be needed. For P-3, no reporting setting is needed. 
· For LTE class A & B operations, we need to consider different time domain behaviors of reporting, i.e. AP, SP, PR.
· For hybrid operation, two reporting settings can be configured with given time domain behaviors.
· For multi-TRP operations, we would need different reporting settings for different TRP groups and different CoMP schemes (e.g. DPS, NCJT, CJT) so that many reporting settings may be needed but does not necessarily be activated simultaneously.
· For OL/semi-OL transmissions, different reporting settings would be needed per different OL/semi-OL schemes and per different time domain behaviors.


	3
	Maximum number of resource settings (M value)
· Beam management: more than 3
· LTE class B like operation: more than 2
· LTE class A like operation: more than 2
· Hybrid operation: 3 or 4
· Multi-TRP operation: more than 6
· OL/semi-OL transmission: more than 2 (note: these resource settings can be shared with resource settings for LTE class A/B like operation)
	· For BM, at least one periodic RS for P-1, at least one RS settings for semi-persistent/aperiodic P-2, and one additional aperiodic RS setting for P-3. 
· For LTE class A & B operations, we need to consider different time domain behaviors of resources, i.e. AP, SP, PR, and one setting for channel and one setting for IMR for each reporting.
· For hybrid operation, two RS settings can be configured with given time domain behaviors together with one or two IMR related settings. 
· For multi-TRP operations, we would need RS setting per TRP (e.g. 3). IMR settings would be also needed for each RS setting. Different time-domain behaviors may also need to be considered for both IMR and channel measurement. 
· For OL/semi-OL transmissions, resource settings can be shared with resource settings for LTE class A/B like operation.

	4
	Maximum number of resource sets* (S value):
· Beam management: 1
· LTE class B like operation: 1
· LTE class A like operation: 1
· Hybrid operation: 1
· Multi-TRP operation: 1
· OL/semi-OL transmission: 1
*Note: this is the maximum number per resource setting
	· One resource set would be enough for all use cases.

	5
	Maximum number of resources per resource set (Ks value):
· Beam management: 8 
· LTE class B like operation: 8
· LTE class A like operation: 1
· Hybrid operation: 8
· Multi-TRP operation: 8
· OL/semi-OL transmission: 8
	· For BM, a large number of CSI-RS resources would be needed to be supported considering the possibility of having hundreds of gNB beams. However, the beams can be FDMed to different ports within a CSI-RS resource and the required number of configured beams can be further reduced by beam management in a hierarchical way using both SS blocks and CSI-RSs. Thus, 8 resources would be sufficient for most cases.
· For CSI acquisition, up to 8 resources may be needed except for LTE class A like operation.

	6
	The maximum number of links (L value)
· Beam management: One less than the number of resource settings for other cases.
· Same as the number of resource settings for other use cases.
	· For BM, no link is needed for the resource setting for P-3 operation. The required number of links would be the same as the number of resource settings for other use cases. 




Input from Qualcomm:
	
	Company views
	Remarks

	1
	Use cases we have considered
· Beam management
· CSI acquisition
· LTE class B like operation
· LTE class A like operation
· Hybrid operation
· Multi TRP operation
	· The values of (N, M, L, …) are dependent to each other.  Instead of defining the envelop (define max number of each parameters independently) of the CSI framework, we should first identify the use cases and decide the values of (N, M, L, …) for each case.


	2
	Maximum number of CSI reporting settings (N value)
· LTE class B like operation: 1
· LTE class A like operation: 1
· Hybrid operation: 2
· Multi TRP operation: 3 as a starting point
	· For multi-TRP, one report setting per TRP, assume 3 TRPs as a starting point

	3
	Maximum number of resource settings (M value)
· LTE class B like operation: 2
· LTE class A like operation: 2
· Hybrid operation: 3 
· Multi TRP operation: 4
	· For Class A, consider 2 resource settings: one (NZP CSI-RS) for channel measurement, and one (ZP CSI-RS) for interference measurement
· For Class B, consider 2 resource settings: one (NZP CSI-RS) for channel and intra-cell interference measurement, and one (ZP CSI-RS) for inter-cell interference measurement
· For hybrid operation, consider 3 resource settings: one (Class A like NZP CSI-RS) for channel measurement for the 1st report setting, one (Class B like NZP CSI-RS) for channel and intra-cell interference measurement for the 2nd report setting; and one (ZP CSI-RS) for inter-cell interference measurement for both reporting settings.
· For multi-TRP, 3 (NZP CSI-RS) resources (1 for each TRP), 1 resource setting for interference measurement (include 1 ZP CSI-RS resource for inter-cluster interference measurement, and several ZP CSI-RS resources for intra-cluster interference measurement.

	4
	Maximum number of resource sets (S value):
· LTE class B like operation: 1
· LTE class A like operation: 1
· Hybrid operation: 1
· Multi TRP operation: 3 (for interference measurement)


	· For multi-TRP, each resource set contains interference measurement resource associated with one serving TRP.

	5
	Maximum number of resources per resource set (Ks value):
· LTE class B like operation: 1 or 8
· LTE class A like operation: 1
· Hybrid operation: 8
· Multi TRP operation: 2 (for interference measurement)
	· For multi-TRP, one ZP resource for inter-cluster interference measurement and one ZP resource for intra-cluster interference measurement

	6
	The maximum number of links (L value)
· LTE class B like operation: 2 
· LTE class A like operation: 2
· Hybrid operation: 4
· Multi TRP operation: 6
	· For each reporting setting, there are two links to resource settings, one for channel measurement and the other for interference measurement.




Input from Samsung:
	
	Company views
	Remarks

	1
	Use cases we have considered
· Beam management
· CSI acquisition
· LTE class B like operation
· LTE class A like operation
· Hybrid operation
· Multi-TRP operation
· Carrier aggregation
	[Samsung]: NR CSI framework should provide flexible CSI reporting considering following use cases:
•	Entry level CSI acquisition
•	Hybrid CSI mechanism 1 (LTE Class A like + Class B with K=1 like operations)
•	Hybrid CSI mechanism 2 (LTE Class B with K>1 like + Class B with K=1 like operations)
•	Semi-open-loop 
•	Multi-TRP/panel with DPS
•	Multi-TRP/panel with joint transmission (coherent or non-coherent

	2
	Maximum number of CSI reporting settings (N value)
· Beam management: 2
· LTE class B like operation: 1
· LTE class A like operation: 1
· Hybrid operation: 2
· Multi-TRP operation: 4 as a starting point
· Carrier aggregation: 1
	[Samsung]: For multi-TRP operation, following scenarios should be considered:
· Multiple CSI reporting settings for DPS, Coherent/non-coherent JT
To support entry-level beam management, a first reporting for P1 based on multiple beams covering whole cell area and a second reporting setting to cover a small area

	3
	Maximum number of resource settings (M value)
· Beam management: 2
· LTE class B like operation: 2 
· LTE class A like operation: 2
· Hybrid operation: 4
· Multi-TRP operation: 3 per CC
· Carrier aggregation: 64 (1 per CC)
	[Samsung]: For class A/B type operation, one Resource is used for channel measurement while another can be used for interference measurement. Thus, for Hybrid operation, 4 CSI-RS resource settings (2 for channel and 2 for interference) should be supported. 
For carrier aggregation, LTE-A should be baseline as a starting point. 
For beam management, one resource setting for P1 and one resource setting for P2/P3.

	4
	Maximum number of resource sets* (S value):
· Beam management: 1
· LTE class B like operation: 1
· LTE class A like operation: 1
· Hybrid operation: 1
· Multi-TRP operation: 1 
· Carrier aggregation: 1

*Note: this is the maximum number per resource setting
	[Samsung]: In our view, supporting 1 resource set for CSI is beneficial for UE implementation complexity. The same benefit applies to beam management.

	5
	Maximum number of resources per resource set (Ks value):
· Beam management: 64
· LTE class B like operation: 8
· LTE class A like operation: 1
· Hybrid operation: 1 or 8
· Multi-TRP operation: 1
· Carrier aggregation: 1
	[Samsung]: Multiple resources in a resource set can be considered when UE supports LTE class B K>1 like operation. 
For hybrid operation, one Resource Setting (associated with Class B like operation) can have either 1 or a maximum of 8 resources (analogous to LTE)  
For beam management, we need sufficient number of CSI-RS resources to cover the whole cell area.


	6
	The maximum number of links (L value)
· Beam management: 2
· LTE class B like operation: 1 
· LTE class A like operation: 1 
· Hybrid operation: 4
· Multi-TRP operation: 1
· Carrier aggregation: 64 (1 per CC)
	[Samsung]: 
· Hybrid CSI mechanism 1: N=2 (one analogous to Class A LTE with W1+RI-only reporting, the other analogous to Class B K=1 LTE), M=2 (both CSI-RS with K=1 resource, each one is associated with one CSI reporting setting), L=2. Two additional Resource settings can be used for interference measurements (in which case M=4 and L=4). 
· Hybrid CSI mechanism 2: N=2 (one analogous to Class B K>1 LTE with CRI-only reporting, the other analogous to Class B K=1 LTE), M=2 (both CSI-RS, the first with K>1 CSI-RS resources, the second with K=1 CSI-RS resource), L=2. Two additional Resource settings can be used for interference measurements (in which case M=4 and L=4).
· For beam management, Entry-level beam management (provision for 2-stage beam determination): N=2 (both configured with best-P beam reporting with ordering information + CSI-RSRP reporting), M =2 (the 1st CSI RS with K1 > 1 resources, the 2nd CSI-RS with K2 > 1 resources), L = 2. 




