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1. Introduction
In RAN#94-e meeting, a new Rel-18 WID on MIMO [1] was agreed. From 7 objectives, there are two objectives for CSI enhancements. In this contribution, we discuss CSI enhancement for high/medium UE velocities and CSI enhancement for M-TRP CJT for Rel-18 MIMO.  
2. CSI enhancement for coherent JT (CJT)
Parameter configuration
In last RAN1 meeting, following agreement was made on parameter configuration for CJT CSI.
Agreement
On the Parameter Combination of Type-II codebook refinement for CJT mTRP, only the following linkages are supported (marked ‘x’), for Rel-16 eType-II based
· For NTRP =1, 
· fully reuse seven out of the eight Parameter Combinations from Rel-16 eType-II as indicated in the table below
· FFS (by RAN1#112bis-e): whether to add one more Parameter Combination for L=4 based on the legacy Rel-16 eType-II FD combo {½, ½, ¼, ¼; ½} or the agreed FD combo {½, ½, ½, ½; ½}, or not to add from the indicated seven below
· For NTRP >1, only the following linkages are supported (marked ‘x’)
· Note: Configured linkage(s) are associated with the configured value of NTRP, regardless whether the dynamic TRP selection (the dynamic change of N given NTRP) is configured. Also, the configured linkage(s) are valid for any dynamically selected SD basis and/or any dynamically selected CSI-RS resource (TRP).
· FFS: UE feature/capability to support only a subset of linkages



There is an FFS to study UE feature/capability to support only a subset of linkages. In our views, it is not preferred to introduce additional UE capability on the supported linkages to fragmentate UE implementations.

Proposal 2-1
· Do not introduce UE feature/capability to support only a subset of linkages.

FD basis
For FD basis selection, following was agreed in last RAN1 meeting. 
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



There is an FFS on how to define the first CSI-RS resource . In our view, as long as NW and UE have common understanding on which is the reference CSI-RS resource , there will be no problem. Thus, to avoid any misunderstanding just brought by the term of ‘the first’, maybe it is clearer to say the reference to be the CSI-RS resource with the lowest CSI-RS resource ID from the N selected CSI-RS resource(s).

Proposal 2-2
· On the Type-II codebook refinement for CJT mTRP, for mode-1, the layer-common reference CSI-RS resource n ̃ is fixed to the CSI-RS resource with the lowest CSI-RS resource ID from the N selected CSI-RS resource(s).

W2 design
In RAN1#110b-e meeting, following was agreed regarding W2 quantization and SCI.

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


Alt1 has been supported and can be applied to both codebook mode 1 and codebook mode 2. Alt3 is mainly for codebook mode 1 in our understanding, where multiple TRPs can be deployed non-co-located and the power/pathloss difference among multiple TRPs could be large. Some companies provided simulation results for Alt1 and Alt3. Based on the marginal performance gain of Alt3, and considering the remaining time Rel-18 WIs, our first preference is not to support Alt3, although we can also accept it. In addition, if Alt3 is supported in addition to Alt1, Alt3 can be applied to codebook mode 1 only, and Alt1 can be basic feature for Rel-18 CJT codebook.

Proposal 2-3
· Regarding W2 quantization group, first preference is to not support Alt3. 
· If Alt3 is supported in addition to Alt1, Alt3 is applied to codebook mode 1 only, and Alt1 is basic feature.

CSI measurement
In last RAN1 meeting, following agreement was made on powerControlOffset configuration and CSI measurement.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
· 



From the 5 alternatives, Alt4 could not work since the N is determined by UE selection, not by gNB configuration. Alt5 is not clear enough, which could be interpreted as either Alt2 or Alt3 or other option based on further clarification. Among Alt1, Alt2 and Alt3, Alt2 is preferred because TRP-common powerControlOffset is simpler for NW/UE implementation and Alt2 is more accurate for CQI calculation. In pre-meeting offline email discussions, we almost achieved consensus to support Alt2 with offline proposal 1.B.1. Thus, we support offline FL proposal 1.B.1 as below.

Proposal 2-4
· Support offline proposal 1.B.1.
· 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 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.

Number of CPUs and values of Z/Z’
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



[bookmark: _Hlk134737340][bookmark: _Hlk134737410]For CSI processing, usually the number of occupied CPUs is related to the configured number of CSI-RS resources for channel measurement. In Rel-17 NCJT, considering the complexity required to measure a pair of CSI-RS resources, an additional UE capability was introduced and X={2, 3, 4} was supported as the number of CPUs occupied by a pair of CSI-RS resources. For Rel-18 CJT, for configured NTRP CSI-RS resources, we support at least the occupied CPUs to be NTRP. And we’re open to introduce a new UE capability to report the number of occupied CPUs larger than the configured number of CSI-RS resources for channel measurement. Similarly for CSI computation time, we support at least the existing CSI computation delay requirement . And we’re open to introduce a new UE capability to report larger delay requirement.

Proposal 2-5
· For CSI processing for Rel-18 CJT, for configured NTRP CSI-RS resources, at least support the occupied CPUs to be NTRP. 
· Open to introduce a new UE capability to report the number of occupied CPUs and open to consider reporting a number larger than the configured number of CSI-RS resources for channel measurement.
· For CSI computation time, at least support the existing CSI computation delay requirement .
· Open to introduce a new UE capability to report the delay requirement and open to consider a larger delay requirement.

CSI mapping order
[bookmark: _Hlk126596404]For CJT CSI, semi-persistent and aperiodic CSI reporting on PUSCH have been supported. For CSI part 1, new CSI reporting contents of indication for TRP selection and indication for L parameter combination have been agreed. The mapping order of those new CSI fields should be discussed. In addition, for the bitmap to indicate non-zero coefficients, we can also discuss whether to support bitmap omission if the reported number of non-zero coefficients is equal to the max number, like bitmap omission in Rel-17 PS CSI. 

Proposal 2-6
· For CSI part 1, define mapping order of indication for TRP selection and indication for L parameter combination.
· Study whether to support bitmap omission for indicator of non-zero coefficients.

For CSI part 2, PMI information are put into three groups for potential CSI omission. For reporting contents in each group, if a reporting parameter is per-TRP basis, the mapping order of CSI fields for each group should be also discussed. In this case, the CSI omission rule based on three groups can be kept.

Proposal 2-7
· For CSI part 2, discuss mapping order of per-TRP parameters for each group.


3. Type-II CSI enhancement in doppler domain
Parameter configuration
Similar to CJT, there is an FFS for Type-II CSI for Doppler regarding the need of additional UE feature/capability to support only a subset of agreed Parameter Combinations:	
	Agreement
For the Type-II codebook refinement for high/medium velocities based on Rel-16 eType-II regular codebook, at least the following Parameter Combinations are supported 
	
	
	

	
	
	
	

	4
	1/4
	1/4
	1/4 

	4
	1/4
	1/4
	1/2 

	4 (*)
	1/2
	1/4
	1/2

	4 (*)
	1/4 
	1/4 
	3/4 

	6 (*)
	1/4
	--
	1/2 

	6 (*)
	1/4 
	-- 
	3/4 


 (*) Note: From legacy. For L=6, the same restriction and UE optionality as legacy apply
· Select at most 3 additional Parameter Combinations from the list below 
	
	
	

	
	
	
	

	2
	1/8
	1/16
	1/4

	2
	1/8
	1/16
	1/2

	2(*)
	¼ 
	1/8 
	¼ 

	2 (*)
	¼ 
	1/8
	½ 

	4
	1/8
	1/16
	1/4 

	4 (*)
	¼ 
	1/8 
	1/4 


(*) Note: From legacy.
· FFS: UE feature/capability to support only a subset of Parameter Combinations




Here we have the same view as for CJT, that is, not support additional UE feature/capability. We prefer to minimize fragmentation of UE implementations. 

Proposal 3-1
· For the Type-II codebook refinement for high/medium velocities, for Parameter Combinations, not support additional UE feature/capability to support only a subset of Parameter Combinations

CSI measurement


As per the following agreement, RAN1 needs to decide the detailed way to configure powerControlOffset across the K configured CSI-RS resources comprising the CMR: 
	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




Technically, we do not see any significant difference between Alt 1 and Alt 2. Thus, either is fine for us. Alt 1 might be slightly simpler from UE perspective since UE behavior to determine the offset will be almost the same as in legacy. 

Proposal 3-2
· For the Rel-18 Type-II codebook refinement for high/medium velocities, regarding CSI calculation and measurement, on PDSCH EPRE assumption for CQI calculation, slightly prefer Alt 1 (i.e., the configured powerControlOffset value is the same for all the K configured CSI-RS resources comprising the CMR)

4. Support of TDCP
During the offline discussion, the following proposal was made:

	Offline proposal 3.B.1: For the Rel-18 TRS-based TDCP reporting, regarding the quantization of wideband normalized amplitude value, further down-select (by RAN1#113) from the following candidates:
· Alt1: N=2Q-1 where Q=5, s={¼, 1/3} 
· Alt3: N=2Q where Q=4, s=½

Offline proposal 3.C.1: For the Rel-18 TRS-based TDCP reporting, regarding the quantization of phase value, further down-select (by RAN1#113) from the following candidates:
· Alt3. 4-bit (16-PSK) uniform quantization (full reuse of Rel-16 eType-II W2 phase quantization)
· Alt5. A given correlation phase value  is quantized to  based on the following alphabet (where  denotes delay):  where     
· The candidate value(s) of Q and s are down-selected from the following: Q={3,4}, and s={1/1/2} 




We are generally supportive of Proposal 3.B.1 and 3.C.1 above. For amplitude, we are open for either alternative. For phase, while we are open as well, our slight preference is Alt 3 due to its simplicity. We do not see the strong need to optimize phase quantization so much. 

Proposal 4-1
· Support Offline proposal 3.B.1 and Offline proposal 3.C.1

Another point may be the definition of CPU for TDCP reporting. As TRS is not associated with any CSI reporting until Rel-17, CPU=0 is defined when TRS is configured. When we support TDCP reporting, the exact CPU value needs to be discussed in our view. This aspect could be a subsequent issue after concluding the metric in TDCP reporting. If a simpler metric is supported, we believe CPU=1 is sufficient here. 

Proposal 4-2
· Regarding TDCP reporting, discuss the exact value for CPU

5. Conclusion
In this contribution, we discussed CSI enhancement for high/medium UE velocities and CSI enhancement for M-TRP CJT for Rel-18 MIMO. Based on the discussion, we made following proposals.
For M-TRP CJT:
Proposal 2-1
· Do not introduce UE feature/capability to support only a subset of linkages.

Proposal 2-2
· On the Type-II codebook refinement for CJT mTRP, for mode-1, the layer-common reference CSI-RS resource n ̃ is fixed to the CSI-RS resource with the lowest CSI-RS resource ID from the N selected CSI-RS resource(s).

Proposal 2-3
· Regarding W2 quantization group, first preference is to not support Alt3. 
· If Alt3 is supported in addition to Alt1, Alt3 is applied to codebook mode 1 only, and Alt1 is basic feature.

Proposal 2-4
· Support offline proposal 1.B.1.
· 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 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.

Proposal 2-5
· For CSI processing for Rel-18 CJT, for configured NTRP CSI-RS resources, at least support the occupied CPUs to be NTRP. 
· Open to introduce a new UE capability to report the number of occupied CPUs and open to consider reporting a number larger than the configured number of CSI-RS resources for channel measurement.
· For CSI computation time, at least support the existing CSI computation delay requirement .
· Open to introduce a new UE capability to report the delay requirement and open to consider a larger delay requirement.

Proposal 2-6
· For CSI part 1, define mapping order of indication for TRP selection and indication for L parameter combination.
· Study whether to support bitmap omission for indicator of non-zero coefficients.

Proposal 2-7
· For CSI part 2, discuss mapping order of per-TRP parameters for each group.


For Type-II CSI enhancement in doppler domain:
Proposal 3-1
· For the Type-II codebook refinement for high/medium velocities, for Parameter Combinations, not support additional UE feature/capability to support only a subset of Parameter Combinations

Proposal 3-2
· For the Rel-18 Type-II codebook refinement for high/medium velocities, regarding CSI calculation and measurement, on PDSCH EPRE assumption for CQI calculation, slightly prefer Alt 1 (i.e., the configured powerControlOffset value is the same for all the K configured CSI-RS resources comprising the CMR)


For TDCP reporting:
Proposal 4-1
· Support Offline proposal 3.B.1 and Offline proposal 3.C.1

Proposal 4-2
· Regarding TDCP reporting, discuss the exact value for CPU
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