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In this contribution, we discuss potential CSI enhancement for high/medium UE velocities and for coherent JT. Since specification impact and functionality are different for high speed UE and for CJT, we first discuss Type II codebook enhancement for high/medium UE velocities in Section 2.1 and potential CSI enhancement for CJT in Section 2.3
Discussion
Type II codebook enhancement for high speed UE
Regarding CPU/Z/Z’, the following agreement was made in the last 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, CSI-RS occasion(s) before CSI triggering (FFS whether to support), CSI-RS occasion(s) after CSI triggering and DD compression (when the configured N4 value is >1) 
If DD compression codebook is configured, UE should predict channel for N4 future time instances and calculate corresponding future PMIs. However, this additional complexity does not reflected in the legacy CPU occupation rule, Z and Z’ and how to reflect this additional complexity in CPU/Z/Z’  depends on UE implementation. Specifically, if channel prediction for N4 time instances can be done in parallel process, more CPU should be used to deal with the additional complexity so that it takes N4 CPUs. On the other hand, if the prediction is done in serial process, one CPU may be sufficient but Z and Z’ should be increased as N4 increases. For example, Z/Z’ is increased by C*(N4-1), where C is reported as UE capability.
 In addition, not only N4 but also the number of reported CQIs affects CSI processing complexity. If X=2 CQI is configured, UE needs to calculate separate two CQIs corresponding to different time instance and different precoder.
Proposal 1: If DD compression codebook is configured with N4 and X=1 CQI, the addition complexity due to channel prediction and compression should be reflected in either CPU occupation rule or Z/Z’ value as follows:
· The required number of CPU is N4 to process the corresponding CSI
· Z/Z’ is increased by C*(N4-1), where C is reported as UE capability 

Potential CSI enhancement for coherent JT
Regarding multiple CSI-RS configuration for CJT, one remaining issue is how to aggregate CSI-RS ports of N selected NZP CSI-RS resources. In order to calculate CQI, the following can be found in section 5.2.2.5 in TS 38.214.
The PDSCH transmission scheme where the UE may assume that PDSCH transmission would be performed with up to 8 transmission layers as defined in Clause 7.3.1.4 of [4, TS 38.211]. For CQI calculation, the UE should assume that PDSCH signals on antenna ports in the set [1000,…, 1000+ν-1] for ν layers would result in signals equivalent to corresponding symbols transmitted on antenna ports [3000,…, 3000+P-1], as given by
	


	where  is a vector of PDSCH symbols from the layer mapping defined in Clause 7.3.1.4 of [4, TS 38.211],  is the number of CSI-RS ports.
When the above equation is applied for Rel-18 CJT codebook, P is the total number of CSI-RS ports summed across N selected CSI-RS resources. More importantly, it should be defined how to order those CSI-RS ports in the above equation. Otherwise, gNB and UE have different understanding in which part of precoder W(i) is applied for which TRP. One simple approach to address issue is to order the ports of the N selected  NZP CSI-RS resources in the order of CSI-RS resource ID. 
Proposal 2: For aggregated N selected  NZP CSI-RS resources, order the ports of the N selected NZP CSI-RS resources in the order of CSI-RS resource ID. 
Regarding CPU/Z/Z’, the following agreement was made in the last 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
If gNB configures N=NTRP, there is only one MTRP transmission hypothesis. For the given hypothesis, UE need to measure NTRP CSI-RS resources and calculate NZC coefficients and FD basis for each of the NTRP CSI-RS resources. For parallel process of this CSI measurement and calculation, UE may need NTRP CPUs. 
Proposal 3: If gNB configures N=NTRP, NTRP CPUs are needed to process the corresponding CJT CSI.
On the other hand, if dynamic TRP selection is configured, UE needs to select one of hypotheses. For example, if NTRP=4, there are 15 (=4+6+4+1) hypotheses. In this case, the required number of CPU is 32 (=4*1+6*2+4*3+1*4) considering the 15 hypotheses. Since the maximum number of CPUs for a given CC is 8 according to current specification, the number of CPU is not sufficient to process CSI for NTRP=4 (and 3 as well).  
To address this CPU shortage issue, one approach is that gNB configures a subset of hypotheses UE can select when NTRP=3 or 4. In this case, the gain of dynamic TRP selection is reduced due to the restriction of hypotheses but UE can still select a transmission hypothesis within CPU budget. Another approach to address this issue is to reduce the required number of CPUs for NTRP=3 or 4. For example, UE may select N CSI-RS resources based on RSRP measured from NTRP CSI-RS resources and then calculate CSI for the selected N CSI-RS resources. For this process, UE only needs N CPUs since selecting N out of NTRP CSI-RS resources is done by RSRP comparison, not CQI comparison. However, gNB is not aware of N value before CSI reporting so that gNB cannot count N CPUs. To make gNB and UE counts the same number of CPU in this case, NTRP CPUs should be occupied instead of N CPUs.
Proposal 4: If dynamic TRP selection is configured with NTRP=3 or 4, the following two approaches should be considered to address CPU shortage issue. 
· Alt 1. gNB configures a subset of hypotheses that UE can select
· Alt 2. Allocate NTRP CPUs by using simplified metric for TRP selection, e.g. RSRP measured from NTRP CSI-RS resources 
The motivation of increasing the number of occupied CPU for CJT CSI is to utilize parallel processing units for precoder determination for multiple TRPs. However, if UE calculates CJT CSI in serial process, Z/Z’ should be increased, instead of increasing CPU. As we propose to increase CPU considering NTRP and TRP selection hypotheses, we can consider to increase Z/Z’ according to NTRP and TRP selection hypotheses. 
Proposal 5: For serial process of CJT CSI calculation, increase Z/Z’ according to NTRP and TRP selection hypotheses. 
Additionally, we see codebook normalization issue for CJT codebook. In legacy codebook, precoding matrix is normalized to make sum of layer power to be 1. If the same normalization method is applied for agreed CJT codebook, UE selects lower CQI than what UE can actually achieve because power gain from multiple TRP transmission is not reflected in codebook due to the conventional normalization.
Observation 1: if CJT codebook is normalized in conventional way, UE selects lower CQI than what UE can actually achieve since power boosting gain from MTRP transmission is not reflected in codebook. 
One approach to address the issue of Observation 1 is to normalize each TRP’s precoding matrix by the norm of the precoding matrix for a strongest TRP. It makes the norm of precoding matrix across N selected CSI-RS resources is larger than 1, reflecting power boosting gain from MTRP transmission in CQI.
Proposal 6: To reflect power boosting gain from MTRP transmission in CQI, normalize each TRP’s precoding matrix by the norm of the precoding matrix for a strongest TRP.
Regarding W2 quantization group and Strongest Coefficient Indicator (SCI) design, the following was agreed.
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

In our view, Alt 3 should be supported. Alt 1 is not sufficient to consider RSRP difference among TRPs. As a result, performance may not be guaranteed in case of distributed TRPs especially for larger ISD scenario. 
Proposal 7: Confirm working assumption with supporting Alt 3 for W2 quantization group.
Conclusion
In this contribution, we discuss potential CSI enhancement for high/medium UE velocities and for coherent JT and propose the followings. 

Type II codebook enhancement for high speed UE: 
Proposal 1: If DD compression codebook is configured with N4 and X=1 CQI, the addition complexity due to channel prediction and compression should be reflected in either CPU occupation rule or Z/Z’ value as follows:
· The required number of CPU is N4 to process the corresponding CSI
· Z/Z’ is increased by C*(N4-1), where C is reported as UE capability 

Potential CSI enhancement for coherent JT: 
Proposal 2: For aggregated N selected  NZP CSI-RS resources, order the ports of the N selected NZP CSI-RS resources in the order of CSI-RS resource ID. 
Proposal 3: If gNB configures N=NTRP, NTRP CPUs are needed to process the corresponding CJT CSI.
Proposal 4: If dynamic TRP selection is configured with NTRP=3 or 4, the following two approaches should be considered to address CPU shortage issue. 
· Alt 1. gNB configures a subset of hypotheses that UE can select
· Alt 2. Allocate NTRP CPUs by using simplified metric for TRP selection, e.g. RSRP measured from NTRP CSI-RS resources 
Proposal 5: For serial process of CJT CSI calculation, increase Z/Z’ according to NTRP and TRP selection hypotheses. 
Observation 1: if CJT codebook is normalized in conventional way, UE selects lower CQI than what UE can actually achieve since power boosting gain from MTRP transmission is not reflected in codebook. 
Proposal 6: To reflect power boosting gain from MTRP transmission in CQI, normalize each TRP’s precoding matrix by the norm of the precoding matrix for a strongest TRP.
Proposal 7: Confirm working assumption with supporting Alt 3 for W2 quantization group.
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