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Introduction
[bookmark: _Ref494215420]In RAN1#112bis meeting, RAN1 has discussed on Type-II codebook refinement for CJT mTRP, Type-II codebook refinement for high/medium UE velocities exploiting time-domain correlation/Doppler-domain information, and UE reporting of time-domain channel properties (TDCP) measured via CSI-RS for tracking [1]. During the meeting, some important agreements have been achieved.
In this contribution, we provide our view on the detailed design for each of the features.

Discussion
CSI enhancement for CJT
On W2 quantization group and Strongest Coefficient Indicator (SCI) design, the following agreement was acieved in RAN1#110b.
	Agreement
On the Type-II codebook refinement for CJT mTRP, regarding W2 quantization group, for each layer:
· Support the following: (Alt1) One group comprises one polarization across all N CSI-RS resources (Cgroup,phase=1, Cgroup,amp=2)
· FFS: Amplitude quantization table enhancement
· For the amplitude group other than the group associated with the SCI, the reference amplitude is reported
· Working assumption: Alt3 is supported in addition to Alt1 (to be confirmed in RAN1#111)
· (Alt3). One group comprises one polarization for one CSI-RS resource with a common phase reference across N CSI-RS resources (Cgroup,phase=1, Cgroup,amp=2N)
· For each of the (2N–1) amplitude groups (other than the group associated with the SCI), the reference amplitude is reported
· If the support Alt3 in addition to Alt1 is confirmed, only one of the two schemes will be a basic feature for UEs supporting Rel-18 Type-II CJT codebook



Regarding the working assumption, RAN1 has discussed it for three meetings including the last meeting. However, there’s still no consensus on the support of Alt3. In this meeting, we think RAN1 needs to make a decision no matter whether it will be supported or not.
In our views, Alt3 is beneficial when the pathloss difference between UE and multiple TRPs are too large, and avoid the issue of low quantization accuracy of NZCs corresponding to weaker TRPs. Therefore, we prefer to confirm the WA.
Proposal 1: For W2 quantization group design, support the working assumption on Alt3.

For mode-1, it was agreed to introduce per-CSI-RS-resource FD basis selection offset relative to a reference CSI-RS resource. Besides, the reference CSI-RS resource is fixed to the first of the N selected CSI-RS resource(s). The corresponding agreements are listed below.
	Agreement
On the Type-II codebook refinement for CJT mTRP, for mode-1, support the use of per-CSI-RS-resource FD basis selection offset (relative to a reference CSI-RS resource) for independent FD basis selection across N CSI-RS resources, i.e. (example formulation)  where: 
·  is commonly selected across N CSI-RS resources
·  is the layer-common FD basis selection offset for CSI-RS resource n relative to a layer-common reference CSI-RS resource  with  
· Therefore, (N – 1) FD basis selection offset values  are reported
· Basic feature: 
· Optional feature: 
· FFS: UCI design details, details on 
Agreement
On the Type-II codebook refinement for CJT mTRP, for mode-1, the layer-common reference CSI-RS resource  is fixed to the first of the N selected CSI-RS resource(s)
· FFS: Whether more refined definition is needed for “the first”, e.g. related to the ordering of CSI-RS resources in the resource set, depending on RAN2 outcome


According to the agreement, there’s an FFS on whether more refined definition of “the first” is needed. In our views, it is clear that “the first” means the first CSI-RS resource among the resources configured in the resource set. Also, technically, it is possible that for the same set of CSI-RS resources, the strongest TRP observed by different UEs are not the same. Therefore, it is reasonable to configure different reference CSI-RS resource for different UEs even when they are configured with the same set of CSI-RS resources.
Proposal 2: Regarding the reference CSI-RS resource, “the first” is related to the ordering of CSI-RS resources in the resource set.

Regarding CSI calculation and measurement for CJT mTRP, it was agreed that the configured NTRP CSI-RS resources are located either in the same slot or two consecutive slots. On PDSCH EPRE assumption for CQI calculation, there are five alternatives listed as below,
	Agreement
For the Rel-18 Type-II codebook refinement for CJT mTRP, regarding CSI calculation and measurement, 
· For the configured NTRP CSI-RS resources comprising the CMR, the restriction specified for Rel-17 NCJT CSI is fully reused, i.e. the configured NTRP CSI-RS resources are located either in the same slot or two consecutive slots
· On PDSCH EPRE assumption for CQI calculation, down-select between the two alternatives: 
· Alt1. The UE can assume that the PDSCH EPRE for a given CSI-RS port follows the configured powerControlOffset value associated with its respective CSI-RS resource
· Alt2. The UE can assume that the PDSCH EPRE for a given CSI-RS port follows a commonly configured powerControlOffset value for all the N selected CSI-RS resources
· Alt3. The UE can assume that the PDSCH EPRE for a given CSI-RS port follows a commonly configured powerControlOffset value defined as averagePDSCH-to-averageCSIRS EPRE ratio, where averagePDSCH and averageCSIRS are average power across for all the N selected CSI-RS resources 
· Alt4. The UE can assume that the PDSCH EPRE divided by N for a given CSI-RS port follows a commonly configured powerControlOffset value for all the N selected CSI-RS resources
· Alt 5: The UE can assume that the PDSCH EPRE for a given CSI-RS port follows the powerControlOffset value for one of the configured NTRP CSI-RS resources
· Note: In legacy specification, different CSI-RS resources can be configured with different powerControlOffset values 
· Decide, in RAN1#113, whether an ordering of CSI-RS port indices (e.g. according to the CSI-RS resource ID in TS38.331) for CSI calculation needs to be specified or not
Note: The total number of CSI-RS ports summed across N selected (out of the configured NTRP) CSI-RS resources will be used in the TS38.214 equation for CSI calculation


For Alt1, different power offsets are assumed for different TRPs. In order to calculate CQI, UE may have to adjust the channel matrix before PMI calculation. The UE complexity will be increased. Therefore, Alt2 is preferred.
Alt3/4/5 was added due to the understanding that the PDSCH EPRE is defined per TRP. Then Alt1/2 can be considered as additional TRP level CBSR and will impact the Type II codebook calculation. 
During the offline pre-discussion, an offline proposal was brought up by FL as follows.
	Offline proposal 1.B.1: For the Rel-18 Type-II codebook refinement for CJT mTRP, on PDSCH EPRE assumption for CQI calculation, the UE can assume that the PDSCH EPRE for a given CSI-RS port follows a commonly configured powerControlOffset value for all the N selected CSI-RS resources
· Note: For CSI calculation, the combined precoder across N selected (out of the configured NTRP) CSI-RS resources is normalized for each layer and the transmitted signal across N selected (out of the configured NTRP) CSI-RS resources will be used in CSI calculation (up to the editor)
· Note: This doesn’t restrict how NW configures powerControlOffset for each CSI-RS resource in general. It pertains to UE assumption on CQI calculation for the CSI-RS resources used in the same CSI reporting setting for Rel-18 Type-II CJT 


According to the first note, it is clear that the PDSCH EPRE is defined across N selected TRPs. Then the concerns for Alt2 can be addressed. Therefore, we can support the offline proposal 1.B.1.
Proposal 3: On PDSCH EPRE assumption for CQI calculation, support the offline proposal 1.B.1.

Regarding the required number of CPUs for Type-II codebook refinement for CJT, it was agreed to further study and decide in this meeting.
	Agreement
On the Type-II codebook refinement for CJT mTRP, regarding the required number of CPUs and the values of Z/Z’, decide, in RAN1#113, at least based on the following factors: 
· The potential increase in the total number of CSI-RS ports due to the selection/configuration of N/ NTRP CSI-RS resources for Type-II CSI
· The support for dynamic TRP selection, wherein N CSI-RS resources are selected out of the configured NTRP CSI-RS resources 
· Note: The fall-back of gNB configuring N=NTRP via RRC signalling is supported
· The support for dynamic {Ln} selection, wherein 1 out of NL {Ln} combinations is selected 
· Note: The fall-back of gNB configuring NL=1 is supported


For Rel-17 CSI enhancement for NCJT, it was specified that an NCJT CSI hypothesis based on a pair of CMRs assumes to occupy two CPUs. Similarly, for CJT, we can define the number of occupied CPUs to be NTRP. In our views, the potential increase in the total number of CSI-RS ports, the dynamic TRP selection operation and dynamic {Ln} selection operation don’t necessarily increase the number of CPUs.
Proposal 4: On the Type-II codebook refinement for CJT mTRP, the number of occupied CPUs equals to NTRP.

Regarding the location of non-zero coefficients (NZCs), RAN1 has agreed to support separate bitmap per TRP.
	Agreement in RAN1#111
On the Type-II codebook refinement for CJT mTRP, regarding the bitmap(s) for indicating the locations of NZCs, reuse the legacy design. This implies that the size of the bitmap for selected CSI-RS resource n (Bn) is,  
· FFS: additional mechanism to reduce bitmap overhead for larger N values, e.g. including via Parameter Combination 


For Rel.17 Type II PS codebook, it was specified that the bitmap is not reported if all the coefficients are non-zero, i.e., . Similarly, we suggest to introduce this feature to Rel.18 Type II codebook for CJT. Additionally, the dropping of bitmap can be conducted either per TRP or jointly for all TRPs. Therefore, we have the following proposal.
Proposal 5: For Rel.18 Type II codebook for CJT, the bitmap is absent when all the coefficients are non-zero. 
· FFS: The absent for the bitmap corresponding to each CSI-RS resource is determined separately or jointly

CSI enhancement for High/medium velocity UE
Regarding CSI calculation and measurement for Rel-18 Type-II codebook for high/medium velocities, the following agreement has been achieved.
	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


On PDSCH EPRE assumption for CQI calculation, how to ensure the same powerControlOffset value for all the K configured CSI-RS resources comprising the CMR needs further discussion. From resource overhead reduction perspective, a CSI-RS resource configured for Rel-18 Type-II codebook refinement for high/medium velocities may also be used for other purpose such as Type I codebook calculation. Therefore, the CSI-RS resource should be transmitted according to RRC parameter NZP-CSI-RS-Resource and the corresponding powerControlOffset value within NZP-CSI-RS-Resource IE. 
Proposal 6: On PDSCH EPRE assumption for CQI calculation, support Alt1.

Regarding the required number of CPUs for Type-II codebook refinement for high/medium velocities, it was agreed to further study and decide in this meeting.
	Agreement
For the Type-II codebook refinement for high/medium velocities, regarding the required number and/or occupation time of CPUs, the values of Z/Z’, and total number active/simultaneous CSI-RS resource/ports, decide, in RAN1#113, at least based on the following factors: 
· The measurement of K>1 CSI-RS resources for Type-II CSI required to perform UE-side prediction, UE-side prediction based on multiple CSI-RS occasion(s) before CSI triggering (FFS whether to support), CSI-RS occasion(s) after CSI triggering and, when the configured N4 value is >1, DD compression (when the configured N4 value is >1) 


First of all, compared with Rel.16/17 Type II codebook, Rel.18 Type-II codebook for high/medium velocities will increase calculation complexity a lot. Considering that CSI measurement is based on multiple transmission occasions, some of the CSI calculation steps can be conducted before the last transmission occasion. Therefore, in our views, we can still define the number of occupied CPUs to be the number of configured CSI-RS resources comprising the CMR. Regarding the values of Z/Z’, we are open to define larger values.
Proposal 7: On the Type-II codebook refinement for high/medium velocities, the number of occupied CPUs equals to K.

CSI enhancement for TRS based TDCP reporting
For TDCP measurement and calculation, the following agreement has been achieved.
	Agreement
For the Rel-18 TRS-based TDCP reporting, for TDCP measurement and calculation, at least the following restrictions are supported:
· When all the configured KTRS resource sets are periodic, the UE can assume that all the resource sets share a same QCL-Type-A/C and, if applicable, Type-D source 
· If the joint use of P and AP-TRS resource sets is supported for TDCP measurement and calculation, when one of the KTRS configured resource sets is aperiodic, the UE can assume that the aperiodic resource set is configured with QCL-Type-A and, if applicable, Type-D source with the resources of the one of the (KTRS – 1) periodic TRS resource sets 
· Note: Following the legacy specification, no more than 1 of the KTRS resource sets is aperiodic 
· TBD (RAN1#113): whether the joint use of P and AP-TRS resource sets is supported for TDCP measurement and calculation or not 
· [bookmark: _Hlk133320860]FFS: whether the UE shall assume the same antenna port for the CSI-RS resources in all the resource sets 


Based on the agreement, there’s a FFS on whether the UE shall assume the same antenna port for the CSI-RS resources in all the resource sets. In TS 38.214, it is specified that for a TRS resource set, the UE shall assume the antenna port with the same port index of the configured TRS resources in the resource set is the same. In order to ensure accurate TDCP measurement, we think the same assumption can be applied to all the TRS resource sets that are associated with the same TDCP report.
Proposal 8: For the Rel-18 TRS-based TDCP reporting, the UE shall assume the same antenna port for the CSI-RS resources in all the resource sets.

Conclusion
In this contribution, we provide our view on CSI enhancement for high/medium UE velocities and coherent JT. The following proposals and observations are achieved:
CSI enhancement for CJT
Proposal 1: For W2 quantization group design, support the working assumption on Alt3.
Proposal 2: Regarding the reference CSI-RS resource, “the first” is related to the ordering of CSI-RS resources in the resource set.
Proposal 3: On PDSCH EPRE assumption for CQI calculation, support the offline proposal 1.B.1.
Proposal 4: On the Type-II codebook refinement for CJT mTRP, the number of occupied CPUs equals to NTRP.
Proposal 5: For Rel.18 Type II codebook for CJT, the bitmap is absent when all the coefficients are non-zero. 
· FFS: The absent for the bitmap corresponding to each CSI-RS resource is determined separately or jointly

CSI enhancement for High/medium velocity UE
Proposal 6: On PDSCH EPRE assumption for CQI calculation, support Alt1.
Proposal 7: On the Type-II codebook refinement for high/medium velocities, the number of occupied CPUs equals to K.

CSI enhancement for TRS based TDCP reporting
Proposal 8: For the Rel-18 TRS-based TDCP reporting, the UE shall assume the same antenna port for the CSI-RS resources in all the resource sets.
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