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1 Introduction
CSI enhancement for Coherent-JT targeting FR1 and up to 4 TRPs, CSI enhancement for high/medium UE velocities and TDCP reporting were agreed for Rel-18 MIMO evolution. And in RAN1#112bis-e meeting [1], good progress was achieved for CSI enhancements. In this paper, we provided our views on CSI enhancements for CJT, high/medium velocities and TDCP reporting.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
2.1 CSI enhancements for CJT
RRC configured restriction
It was agreed to support UE determined TRP selection for CJT, and one restriction for N=NTRP can be configured by RRC, whether to support other restriction needs further discussion.
	Agreement
On the Type-II codebook refinement for CJT mTRP, the selection of N CSI-RS resources is performed by UE and reported as a part of CSI report where N{1,..., NTRP} 
· N is the number of cooperating CSI-RS resources, while NTRP is the maximum number of cooperating CSI-RS resources configured by gNB via higher-layer signaling
· The selection of N out of NTRP CSI-RS resources is reported via NTRP-bit bitmap in CSI part 1
· Note: The value of N is inferred from the selection
· A restricted configuration (gNB-configured via higher-layer signaling) where N=NTRP is supported
· NTRP-bit bitmap is not reported when the restriction is configured
· FFS: Whether other RRC-configured TRP selection restriction including configuring the value of N is supported
· This feature is UE optional 
Note: This agreement does not impact the decision on Ln being configured by gNB or selected by UE
Note: per WID and previous agreement, the candidate values for NTRP of are 1, 2, 3, and 4.
Note: only one transmission hypothesis is reported. UE is not mandated to calculate CSI for multiple transmission hypotheses.


In our understanding, the restriction can significantly reduce UE complexity, especially when NTRP is large. And not only the value of N can be configured for restriction, but also the selection of TRPs can be restricted. For example, at least one TRP (the one as serving TRP) can be restricted to be always selected. As an example, a NTRP bitmap can be configured for restriction, e.g. (1,0,0,0) means the first TRP should always be selected in the CSI report.
Proposal 1: Support RRC configured CSI-RS resource selection restriction, including both configuring the value of N and configuring the index(es) of CSI-RS resource(s) to be always selected.
And after hot discussion, it was finally agreed to support TRP specific FD offset for CJT mode-1.
	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 


The offset can be oversampling as an optional feature, which can refine the difference between TRPs. The effective range for  actually depends on whether network can obtain the delay offsets across TRPs. In our understanding, at least for Rel-17 based codebook refinement and one SRS transmitted towards CJT TRPs, the range of  can be reduced, even if the reciprocity is not perfect. So we support network can indicate a restricted range of , which can reduce UE complexity and reporting overhead, especially for optional feature.
Proposal 2: Regarding FD basis offset for mode-1 CJT codebook, support RRC configured restriction on range of .
Number of CPUs and the 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


Due to the increased number of CSI-RS resources and CSI-RS ports for CJT CSI report, the number of CPUs and the values of Z/Z’ should be increased for CSI computation. While as dynamic TRP selection is supported, the number and the index(es) of CSI-RS resources selected varies, which will lead to different requirements for CSI processing. So we think the number of CPUs and the values of Z/Z’ should be different according to different cases of CSI-RS resource selection. For example, number of CPUs and the values of Z/Z’ can be based on a function of number of selected CSI-RS resources. And at least when N=1, the values of Z/Z’ should fall back to legacy values (i.e. Z2/Z2’). In addition, the last symbol for counting Z’ should be the last symbol of the latest selected CSI-RS resource.
Proposal 3: Support different number of CPUs and values of Z/Z’ according to the bitmap for CSI-RS resource selection, at least considering fall-back to legacy values in case of N=1.
Proposal 4: Z’ref should be based on the last symbol of the latest CSI-RS resource in the selected CSI-RS resources.
EPRE assumption
	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


The typical case for CJT is links between UE with TRPs are similar. And considering complexity, a commonly configured powerControlOffset is sufficient, i.e. we prefer Alt 2.
Proposal 5: Regarding PDSCH EPRE assumption, prefer 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).
In addition, considering the normalization of CJT codebook, if the normalization factor is calculated with all coefficients across TRPs, the power for each TRP is lower compared to single-TRP transmission, which may not fully utilize multiple TRPs. Another option is that normalization factor is based on the coefficients for one TRP (e.g. the maximum sum among TRPs).
Proposal 6: Normalization factor for CJT codebook can be studied, for example, based on coefficients summed for one CSI-RS resource instead of all CSI-RS resources.
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Reference amplitude coefficient
Another issue is amplitude coefficient group design for W2, and 2 amplitude groups for CJT (i.e. Alt 1) was agreed and there was a working assumption to support (2N–1) amplitude groups for CJT (i.e. Alt 3), we think the relative amplitude coefficients per TRP (Alt 3) can be beneficial to provide finer granularity for amplitude without much overhead increasing.
	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



Alt 1 is simple while it’s only suitable when the relative amplitudes across TRPs are similar, and another issue for Alt 1 is that for the other TRPs except the reference TRP with SCI, the relative strongest amplitude coefficient in the other TRP may not on same polarization as the reference TRP. So which polarization in the other TRP except the reference TRP will apply the reported reference amplitude should be indicated. For example, SCI on reference TRP is on the first polarization, while the relative strongest amplitude coefficient in the other TRP may be on the second polarization, the possibility is around 50%. In this case, the same reference amplitude coefficient applied on the second polarization in the other TRP is not reasonable, especially when the reference amplitude coefficient is small, in other words, when the difference between weak polarization and strong polarization in reference TRP is large. As shown in Figure 1 and Figure 2, we showed the power gap between the strong polarization in other TRPs and the weak polarization in reference TRP when the strong polarization in reference TRP and in other TRPs are different.
Figure. 1. Power gap between strong polarization in other TRP and weak polarization in reference TRP (with SCI) when strong polarizations are different among TRPs (NTRP=2)
[image: ]

Figure. 2. Power gap between strong polarization in other TRP and weak polarization in reference TRP (with SCI) when strong polarizations are different among TRPs (NTRP=4)
[image: ]
From Figure.1 and Figure.2, we can see that in case of the strong polarizations in different TRPs are different (e.g. one polarization is strong in reference TRP and another polarization is strong in other TRP), with at least 50% possibility the strong polarization (different from the polarization with SCI in reference TRP) in other TRPs has high power than the weak polarization in reference TRP. If the reference amplitude is mainly derived based on the gap between SCI and weak polarization in reference TRP, this reference amplitude is not suitable to be applied to the strong polarization in the other TRP. Alt 3 can solve this issue, with (2N-1) reference amplitude per polarization per other TRP. So firstly, we’d like to confirm the WA to support Alt 3.
Proposal 7: Confirm the WA to support (2N–1) amplitude groups for CJT (i.e. Alt 3).
And for Alt 1, we think for the other TRP, polarization indication is needed to indicate which polarization will apply the reported reference amplitude. On the other hand, companies may argue that the amplitude difference between TRPs may be not that large in CJT, so Alt 3 is not needed, if so, there is no need of 3bits reference amplitude coefficient to cover 0 to -21dB with 3dB step size. For example, 1 or 2 bits of reference amplitude coefficient is sufficient.
Proposal 8: Regarding Alt 1 (2 amplitude groups for CJT), for the other CSI-RS resource except the reference CSI-RS resource (associated with SCI), polarization indication is needed to indicate which polarization is associated with the reported reference amplitude coefficient.
Proposal 9: Regarding Alt 1 (2 amplitude groups for CJT), the field size for reference amplitude coefficient report can be reduced from 3 bits to 1 or 2 bits.
2.2 CSI enhancements for high/medium velocities
Number of CPUs and the values of Z/Z’
	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 issue is whether to support CSI-RS occasion(s) before CSI triggering, considering the UE complexity, we don’t think it’s necessary to support this, as UE needs to pre-process the CSI even no CSI report is triggered. And due to the increased number of CSI-RS resources for high/medium velocities CSI report, the number of CPUs and the values of Z/Z’ should be increased for CSI computation. And the last symbol for counting Z’ should be the last symbol of the latest CSI-RS resource, which may be a number of slots after the DCI triggering the CSI report, leading to limited interval between the last CSI-RS resource to the PUSCH carrying the CSI. If the interval not satisfying the CSI computation delay requirement, we think it’s still possible to report CSI without DD bases, i.e. legacy CSI report based on Rel-16 Type II, which is better than nothing reported or updated.
Proposal 10: Do not support CSI-RS occasion(s) before CSI triggering for CSI for high/medium velocities.
Proposal 11: Support increased number of CPUs and values of Z/Z’ for CSI for high/medium velocities.
Proposal 12: If Z’ not satisfied for CSI with DD compression, fall back to legacy CSI report without DD compression can be supported.
2.3 CSI enhancements for TDCP
TRS configuration
	Agreement
For the Rel-18 TRS-based TDCP reporting, for TDCP measurement and calculation, confirm the following working assumption as an agreement with the following change
· KTRS ≥1 TRS resource set(s) can be configured in the CSI reporting setting when ReportQuantity is ‘tdcp’ 
· Note: the TRS resource set(s) configured for TDCP report do not impact or impose any new requirements on the UE behavior when processing TRS used as QCL type A/D source for reception of PDxCH.
· No further spec enhancement on TRS is supported 
· [All the TRS resources in the configured resource set(s) share the same RE locations]
· FFS: Whether to add further restrictions on the TRS resource set(s) on, e.g. QCL relationship, power control, [RE location], slot offset between TRS resource set(s), relation with resource set used for legacy usage  
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 


First issue is to design the TRS pattern for TDCP measurement, which should consider both TRS overhead and requirement for TDCP measurement. So a typical pattern for TRS for TDCP measurement can be a periodic TRS set along with an aperiodic TRS set. And in this case, legacy TRS configuration can be reused, which have less spec effort. While the slot offset between the TRS resources in periodic and aperiodic sets should be based on the agreed values for delays for time domain correlation. 
Proposal 13: For TRS based TDCP reporting, support periodic TRS set along with aperiodic TRS set.
Proposal 14: For TRS based TDCP reporting, support restriction that slot offset between TRS resources based on agreed delay values for TDCP reporting.
Another issue is the QCL assumption for the TRS sets, as the correlation for TDCP reporting is calculated to reflect the time domain property, so there should not be QCL adjustment/reference across the TRS sets. Actually in case of delay = 4 symbols, 1 slot, the correlation can be calculated based on one TRS set, and within the same TRS set, all CSI-RS resources are assumed to be same port in the one TRS set (following legacy spec). We don’t see difference for the case with one TRS set and with more than one TRS set.
	For a NZP-CSI-RS-ResourceSet configured with the higher layer parameter trs-Info, the UE shall assume the antenna port with the same port index of the configured NZP CSI-RS resources in the NZP-CSI-RS-ResourceSet is the same.


So we think the antenna port for the CSI-RS resources in all the resource sets for TDCP should be assumed to be same.
Proposal 15: For TRS based TDCP reporting, the UE shall assume the same antenna port for the CSI-RS resources in all the resource sets.
Regarding the delay for correlation calculation, it was agrees as:
	Agreement
For the Rel-18 TRS-based TDCP reporting,
· Support the following D (delay) values: 4 symbols, 1 slot, 2 slots, 3 slots, 4 slots, 5 slots
· Working assumption: Support the following D (delay) values in a separate UE Feature Group: 6 slots, 10 slots
FFS: The value of Dbasic
FFS: Applicability of each D value candidate for different SCS values and/or other parameters (e.g. Y, quantization)
Agreement
For the Rel-18 TRS-based TDCP reporting, regarding the value of parameter Y, in addition to Y=1, support Y=2, 3, 4
· FFS: Whether Y=7 is also supported 


In our understanding, the time domain correlation within one or two slots is not that useful (especially for 4 symbols delay), it’s smaller than channel coherent time. The delay for time domain correlation calculation should be large enough, otherwise the value will very near to 1, which can not reflect time domain property well. We know there may be case that TRS set with only one slot can be configured, while in this case, if we would like to measure TDCP, another TRS set is needed. The delay should be at least in slot level, so we prefer Dbasic to be at least 2 slots. And we think the working assumption to support 6 and 10 slots should be confirmed. And at least for 4 symbols delay, we prefer to introduce restriction, for example, 4 symbols delay is only applicable when Y>1.
Proposal 16: For TRS based TDCP reporting, support Dbasic to be 2 slots and confirm the working assumption for 6 slots, 10 slots. And regarding 4 symbols delay, support to restrict it’s only applicable for Y>1.
And due to the increased number of CSI-RS resources with large delay between DCI triggering and the TDCP reporting, the last symbol for counting Z’ should be the last symbol of the latest CSI-RS resource, leading to limited interval between the last CSI-RS resource to the PUSCH carrying the TDCP. If the interval not satisfying the CSI computation delay requirement, we think fallback report to Y=1 should be supported, as one correlation can provide sufficient information for TDCP, which has been agreed as basic feature.
Proposal 17: Support fallback report to only one amplitude coefficient (basic feature with Y=1) in case of Y>1 configured.
3 Conclusion
In this contribution, we provided our views on CSI enhancement for CJT and high/medium velocities, and we propose:
Proposal 1: Support RRC configured CSI-RS resource selection restriction, including both configuring the value of N and configuring the index(es) of CSI-RS resource(s) to be always selected.
Proposal 2: Regarding FD basis offset for mode-1 CJT codebook, support RRC configured restriction on range of .
Proposal 3: Support different number of CPUs and values of Z/Z’ according to the bitmap for CSI-RS resource selection, at least considering fall-back to legacy values in case of N=1.
Proposal 4: Z’ref should be based on the last symbol of the latest CSI-RS resource in the selected CSI-RS resources.
Proposal 5: Regarding PDSCH EPRE assumption, prefer 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).
Proposal 6: Normalization factor for CJT codebook can be studied, for example, based on coefficients summed for one CSI-RS resource instead of all CSI-RS resources.
Proposal 7: Confirm the WA to support (2N–1) amplitude groups for CJT (i.e. Alt 3).
Proposal 8: Regarding Alt 1 (2 amplitude groups for CJT), for the other CSI-RS resource except the reference CSI-RS resource (associated with SCI), polarization indication is needed to indicate which polarization is associated with the reported reference amplitude coefficient.
Proposal 9: Regarding Alt 1 (2 amplitude groups for CJT), the field size for reference amplitude coefficient report can be reduced from 3 bits to 1 or 2 bits.
Proposal 10: Do not support CSI-RS occasion(s) before CSI triggering for CSI for high/medium velocities.
Proposal 11: Support increased number of CPUs and values of Z/Z’ for CSI for high/medium velocities.
Proposal 12: If Z’ not satisfied for CSI with DD compression, fall back to legacy CSI report without DD compression can be supported.
Proposal 13: For TRS based TDCP reporting, support periodic TRS set along with aperiodic TRS set.
Proposal 14: For TRS based TDCP reporting, support restriction that slot offset between TRS resources based on agreed delay values for TDCP reporting.
Proposal 15: For TRS based TDCP reporting, the UE shall assume the same antenna port for the CSI-RS resources in all the resource sets.
Proposal 16: For TRS based TDCP reporting, support Dbasic to be 2 slots and confirm the working assumption for 6 slots, 10 slots. And regarding 4 symbols delay, support to restrict it’s only applicable for Y>1.
Proposal 17: Support fallback report to only one amplitude coefficient (basic feature with Y=1) in case of Y>1 configured.
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