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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Following two objectives related to CSI enhancement are listed in MIMO Evolution for Downlink and Uplink WID [1].
	1.	Study, and if justified, specify CSI reporting enhancement for high/medium UE velocities by exploiting time-domain correlation/Doppler-domain information to assist DL precoding, targeting FR1, as follows:
-	Rel-16/17 Type-II codebook refinement, without modification to the spatial and frequency domain basis
-	UE reporting of time-domain channel properties measured via CSI-RS for tracking
4.	Study, and if justified, specify enhancements of CSI acquisition for Coherent-JT targeting FR1 and up to 4 TRPs, assuming ideal backhaul and synchronization as well as the same number of antenna ports across TRPs, as follows:
-	Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off
-	SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS capacity enhancement and/or interference randomization, with the constraints that 1) without consuming additional resources for SRS; 2) reuse existing SRS comb structure; 3) without new SRS root sequences
-	Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e. 32


[bookmark: _Ref118709366]In this contribution, we discuss CSI enhancement for high-medium UE velocities within the above WID scope and provide our suggested text proposals. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion and Text proposals
In this chapter, we focus on the test proposals and discussion for high-medium UE velocities.
Capture of the K configured CSI-RS resources sharing the same BW and RE locations
Reason for change: 
According to the latest CR on TS 38214[2],  the second sub-bullet of the following agreement achieved in RAN1 #112bis hasn’t been captured, i.e., all the K configured CSI-RS resources comprising the CMR shall share the same BW and RE locations. 
	Agreement
For the Rel-18 Type-II codebook refinement for high/medium velocities, regarding CSI calculation and measurement, 
· The number of CSI-RS ports is the same for all the K configured CSI-RS resources comprising the CMR and the antenna ports for the same antenna port index across the K CSI-RS resources are the same.
· All the K configured CSI-RS resources comprising the CMR share the same BW and RE locations 
· For interference measurement, legacy specification is fully reused, including the configuration for NZP CSI-RS for interference measurement or CSI-IM in relation to the configured CMR, i.e. only one NZP CSI-RS resource for interference measurement or only one CSI-IM resource can be configured irrespective of the value of K
· On PDSCH EPRE assumption for CQI calculation, a same powerControlOffset value is assumed for all the K configured CSI-RS resources comprising the CMR 
· Alt 1: The configured powerControlOffset value is the same for all the K configured CSI-RS resources comprising the CMR
· Alt 2: The assumed PDSCH EPRE of all the K CSI-RS resources follows the configured powerControlOffset value of one fixed CSI-RS resource, e.g. the first one
Note: This may imply that existing section 5.2.2.2.75 of TS38.214 can apply to Rel-18 Type-II Doppler codebook in terms of Rel-18 CMR (burst of CSI-RS resources) and Rel-18 CSI reference resource


Summary of change:
For the Rel-18 Type-II codebook refinement for high/medium velocities, capture that all the CSI-RS resources in the CSI-RS Resource Set are configured with the same bandwidth and RE locations.
Consequences if not approved:
The agreement is captured incompletely.
Text proposal: 
Adopt following text proposal in 5.2.1.4.1 of TS 38.214.
	5.2.1.4.1	Resource Setting configuration
< Unchanged parts are omitted >
A UE configured with a CSI-ReportConfig with the higher layer parameter N4 and reportQuantity set to 'cri-RI-PMI-CQI', is expected to be configured with  aperiodic CSI-RS resources or with a single periodic or semi-persistent CSI-RS resource in the resource set for channel measurement. For an aperiodic CSI-RS resource set for channel measurement, the  CSI-RS resources, which are configured with the same bandwidth and RE locations, are triggered by the same triggering instance and the separation between two consecutive CSI-RS resources is  slots, which is configured by higher layer parameter in the NZP-CSI-RS-ResourceSet. The UE shall assume that the antenna port with the same port index of the  aperiodic CSI-RS resources is the same. If interference measurement is performed on CSI-IM, only one resource is configured in the corresponding csi-IM-ResourceSet. If interference measurement is performed on NZP CSI-RS, only one resource is configured in the corresponding NZP-CSI-RS-ResourceSet for interference measurement.
< Unchanged parts are omitted >



Discussion on the order of CSI-RS transmitting 
[bookmark: _Hlk149571808]For predicted CSI acquisition, an aperiodic CSI-RS resource set can be configured with K∈{4,8,12} aperiodic CSI-RS resources for channel measurement, where the separation between two consecutive CSI-RS resources is m∈{1,2} slots. The UE shall assume that the antenna port with the same port index of the K aperiodic CSI-RS resources is the same, and all the CSI-RS resources in the CSI-RS Resource Set are configured with the same bandwidth and subcarrier locations. However, this does not mean that all the CSI-RS resources in the CSI-RS Resource Set are exactly the same. Some aspects in different CSI-RS resources can still vary, e.g., scrambling ID. Therefore, the order in which gNB transmits CSI-RS may not be consistent with the order assumed by UE, which may cause UE to obtain wrong channels. 
If all the CSI-RS resources in the CSI-RS Resource Set are not the same, the order in which gNB transmits CSI-RS may not be consistent with the order assumed by UE.
The following approaches can be considered to address this issue.
Approach 1: All the CSI-RS resources in the CSI-RS Resource Set are exactly the same, including scrambling ID.
Approach 2: Define the order of the triggered CSI-RS, e.g., following the order of the CSI-RS resource IDs configured in the CSI-RS Resource Set.
[bookmark: OLE_LINK3]For approach1, from the actual effect, it appears to be equivalent to Alt2 of the following agreement excluded in RAN1 #110bis. Besides, all the CSI-RS resources in the CSI-RS Resource Set are the same may be inflexible for gNB implementation. Therefore, approach 2 is preferred.
	Agreement
On the CSI reporting and measurement for the Rel-18 Type-II codebook refinement for high/medium velocities, support the following CSI-RS resource types/structures for CMR:
· Time-domain behaviour for NZP CSI-RS resource: periodic (P), semi-persistent (SP), aperiodic (AP)
· FFS: Whether to introduce constraints on allowed configuration
· Down select from the following: 
· Alt1. Support K>1 NZP CSI-RS resources, received via a single triggering instance, for aperiodic (AP) -CSI-RS-based channel measurement in a same CSI-RS resource set where the separation between 2 consecutive AP-CSI-RS resources is m slot(s):
· Alt2. Support one NZP CSI-RS resource in a CSI-RS resource set, where K>1 occasions are received via a single triggering instance, for aperiodic (AP)-CSI-RS-based channel measurement where the separation between 2 consecutive AP-CSI-RS resources is m slot(s).
· For any of the alternatives:
· No CRI is reported
· FFS: Details, e.g., supported value(s) of K, m, other use cases for the AP-CSI-RS resources (e.g., for training filter coefficients, prediction or performance monitoring)
· Support only one NZP CSI-RS resource for P or SP-CSI-RS-based channel measurement



For predicted CSI based on an aperiodic CSI-RS resource set, clarify that the CSI-RS resources are transmitted following the order of the CSI-RS resource IDs configured in the CSI-RS Resource Set. 

Conclusions 
To summarize, we have following proposal and text proposals.
1. Adopt following text proposal in 5.2.1.4.1 of TS 38.214.
	5.2.1.4.1	Resource Setting configuration
< Unchanged parts are omitted >
A UE configured with a CSI-ReportConfig with the higher layer parameter N4 and reportQuantity set to 'cri-RI-PMI-CQI', is expected to be configured with  aperiodic CSI-RS resources or with a single periodic or semi-persistent CSI-RS resource in the resource set for channel measurement. For an aperiodic CSI-RS resource set for channel measurement, the  CSI-RS resources, which are configured with the same bandwidth and RE locations, are triggered by the same triggering instance and the separation between two consecutive CSI-RS resources is  slots, which is configured by higher layer parameter in the NZP-CSI-RS-ResourceSet. The UE shall assume that the antenna port with the same port index of the  aperiodic CSI-RS resources is the same. If interference measurement is performed on CSI-IM, only one resource is configured in the corresponding csi-IM-ResourceSet. If interference measurement is performed on NZP CSI-RS, only one resource is configured in the corresponding NZP-CSI-RS-ResourceSet for interference measurement.
< Unchanged parts are omitted >


[bookmark: _GoBack]For predicted CSI based on an aperiodic CSI-RS resource set, clarify that the CSI-RS resources are transmitted following the order of the CSI-RS resource IDs configured in the CSI-RS Resource Set. 
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