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Introduction
In [1], two work-item were scoped for Rel-17 further CSI enhancement:
4. Enhancement on CSI measurement and reporting:
a. Evaluate and, if needed, specify CSI reporting for DL multi-TRP and/or multi-panel transmission to enable more dynamic channel/interference hypotheses for NCJT, targeting both FR1 and FR2
b. Evaluate and, if needed, specify Type II port selection codebook enhancement (based on Rel.15/16 Type II port selection) where information related to angle(s) and delay(s) are estimated at the gNB based on SRS by utilizing DL/UL reciprocity of angle and delay, and the remaining DL CSI is reported by the UE, mainly targeting FDD FR1 to achieve better trade-off among UE complexity, performance and reporting overhead.
In last meeting, evaluation methodologies and high-level study aspects were agreed. In this contribution, for mTRP CSI, we discuss relevant details of the aspects agreed in 102e and CSI computation complexity; for FDD CSI, we present evaluation results based on the evaluation methodologies agreed in 102e, and also discuss potential enhancement.
Discussion on CSI enhancement for mTRP
The following was agreed in RAN1 #103e:
Agreement
For CSI enhancement for multi-TRP, study following aspects taking into account trade-off among UE complexity, performance and reporting/RS overhead
· Category 1 - For a reporting setting CSI-ReportConfig, more than one CSI-RS port groups in a resource or resources or resource sets are associated to different TRPs/TCI states,  
· the UE will determine CSI reporting quantities based on pre-defined/indicated/configured/UE-selected  channel and interference hypotheses across TRPs /TCI states
· and then report one or more CSIs within a single CSI report.   
· Category 2 – Within an implicit/explicit set of reporting settings CSI-ReportConfigs, which are associated to different TRPs/TCI states,  
· the UE will determine CSI reporting quantities based on pre-defined/indicated/configured/ UE-selected  channel and interference hypotheses 
· and then report multiple CSIs with multiple CSI reports (including one or more CSIs per report or selected CSI with single CSI report)
· Other enhancement are not excluded, e.g.  CQI enhancements for multi-TRP transmission including CQI format, CQI reporting mechanism
Note that companies are encouraged to clarify applicable transmission schemes/scenarios and strive to unify Rel-17 MTRP CSI framework enhancements
Rel. 16 multi-TRP supports different modes and different schemes. For single-DCI based multi-TRP, SDM (scheme 1a), FDM (schemes 2a / 2b), and TDM (schemes 3/ 4) have been specified. For multi-DCI based multi-TRP, two PDSCHs can be non/partially/fully-overlapping. “NCJT” mentioned in the WID often referred to either single-DCI based SDM scheme (scheme 1a) or multi-DCI based multi-TRP transmission in the discussions / agreements during Rel. 16.
In our understanding, the focus of this WI is on the single-DCI based SDM scheme. This is because for multi-DCI based multi-TRP transmission, the two PDSCHs may not be always fully overlapping in time and frequency, and there is no mode / RRC configuration that ensures network may schedule the two PDSCH with a certain overlapping assumption, and hence, joint CSI calculation and / or reporting may not be very useful for multi-DCI based multi-TRP compared to separate CSI calculation and reporting, which is already possible in Rel. 16. With respect to FDM and TDM schemes, even though CSI enhancements can be useful, our view is that they should be treated with lower priority, and depending on the progress on CSI for SDM scheme, RAN1 can consider CSI enhancements for FDM and TDM schemes later if needed.      
[bookmark: _Hlk53644141]Proposal 1: For multi-TRP CSI enhancements, RAN1 should initially focus on joint CSI for SDM scheme (scheme 1a). 
In the reminder of this section, we discuss the following aspects for SDM / NCJT CSI 
· Channel and interference measurements
· CSI computation and UE complexity
· CSI reporting
Channel and Interference Measurements
[bookmark: _Hlk47380303]For the SDM scheme in Rel. 16, different DMRS ports of the PDSCH correspond to different TCI states. Also, DMRP ports with a first TCI state belong to a different CDM group compared to CDM group of the DMRS ports with the second TCI state. Hence, there is no interference on DMRS REs for the purpose of channel estimation but the PDSCH still experiences inter-layer interference on data REs. Hence, the interference introduced from the other TRP is not the same as CSI-IM or NZP-CSI-RS for interference (while interference from other TRPs, e.g. a third TRP, is similar to CSI-IM or NZP-CSI-RS for interference). Furthermore, joint precoding is not used across the two TRPs. Otherwise, a DMRS port / data layer would correspond to both TCI states, which is not the case in Rel. 16 SDM scheme (hence the name NCJT). Therefore, the inter-layer interference is not the same as single-TCI state PDSCH with multiple layers as two PMIs corresponding to the two TRPs are required. SDM operation is illustrated in Figure 1, where  and  represent the layers transmitted from TRP1 and TRP2, respectively, and   and  represent the precoding used at TRP1 and TRP2, respectively. 
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[bookmark: _Ref47372664]Figure 1: SDM Scheme in Rel. 16.
[bookmark: o1]Observation 1: CSI for SDM PDSCH scheme with two TCI states (corresponding to two TRPs) is different than Rel. 15/16 CSI with respect to the following aspects:
· Inter-layer interference from the other TRP is not the same as CSI-IM or NZP-CSI-RS for interference measurements.
· Inter-layer interference from the other TRP is not the same as inter-layer interference in single-TCI state PDSCH with multiple layers as two PMIs corresponding to the two TRPs are required. 
The main limitation in Rel. 15/16 CSI framework is that one CSI report corresponds to one TCI state. In Rel. 15/16, DPS is supported in which case different CMRs can have different TCI states, and the UE reports the CSI along with the corresponding CRI for the best hypothesis. However, the reported CSI corresponds to one CMR associated with one TCI state. 
In order to enable proper CSI report for SDM scheme, one CSI hypothesis should correspond to two TCI states. Two categories were agreed in RAN1 #103e. In Category 1, one CSI report setting is utilized to generate the CSI report corresponding to a multi-TRP CSI, while in Category 2, two or more different CSI report settings are used and are associated to the two TRPs. Category 2 has large specification impact as various restrictions should be enforced across the two CSI report settings such as the same size of resource sets in resource settings associated with the two CSI report settings, the same reportConfigType, the same reportQuantity, the same reportFreqConfiguration, the same cqi-Table, etc. 
In addition, for CSI on PUCCH, i.e., periodic CSI report and semi-persistent CSI report activated by MAC-CE, periodicity and offset for the CSI reports should be consistent with each other. Also, a joint CSI report cannot directly be a result of the two CSI reports associated with the two CSI report configs as only one CRI and one CQI is required for the joint CSI report. Based on the above discussions, we propose:
Proposal 2: Support Category 1 for multi-TRP CSI enhancements.
For Category 1, there can be different approaches to achieve this goal as explained below and illustrated in Figure 2.
· Approach 1: Support two TCI states for one CSI-RS resource for CMR, where the CSI-RS ports consists of two port groups associated with the two TCI states.
· Approach 2: Support two CMRs corresponding to two CSI-RS resources for a NCJT CSI hypothesis.
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[bookmark: _Ref47509022]Figure 2: Two approaches for enabling one CSI hypothesis with two CSIs.
In Approach 1, different port groups (associated with different TCI states) should belong to different CDM groups. Also, it should be possible that some CSI-RS resources of a CSI-ReportConfig have one TCI state (correspond to single-TCI state hypotheses) while other CSI-RS resources of the same CSI-ReportConfig have two TCI states (correspond to NCJT hypotheses). Similar to Rel. 15, UE can simply report the CRI corresponding to a CMR for a reported CSI hypothesis.
In Approach 2, UE should be provided with the “pairing” configurations so that one or more NCJT hypotheses are defined within a given CSI-ReportConfig. If number of CMR’s in the CSI-ReportConfig is large, there should be some careful pairing configurations to control the UE complexity and limit the number of NCJT hypotheses. In addition, some pairs may not correspond to a valid NCJT hypothesis especially in FR2, where the two corresponding beams may not be simultaneously receivable (at the UE) / transmittable (at the gNB). Furthermore, additional CRI codepoints should be defined as the reported CRI for a NCJT hypothesis corresponds to two CMRs. Overall, Approach 2 may have more specification impact compared to Approach 1.  
Proposal 3: Study the pros and cons of the following two approaches within Category 1 to enable CSI report for SDM scheme:
· Approach 1: Support two TCI states for one CSI-RS resource for CMR, where the CSI-RS ports consists of two port groups associated with the two TCI states.
· Approach 2: Support two CMRs corresponding to two CSI-RS resources for a NCJT CSI hypothesis.
With respect to interference measurements (e.g. out-of-cluster interference from other TRPs), the same principle as in Rel. 15 / 16 should be followed. For example, in Rel. 15 / 16, there is a one-to-one mapping between CMR and CSI-IM. In other words, for each CSI hypothesis, a separate CSI-IM can be configured. In the case of CSI for SDM scheme, a CSI hypothesis may not directly map to a CMR depending on Approach 1 vs Approach 2 and the details within each approach. Nonetheless, there should still be a one-to-one mapping between a CSI hypothesis (whether it is a single-TRP hypothesis or multi-TRP hypothesis) and CSI-IM. A CSI hypothesis should be uniquely determined by the corresponding CRI. Hence, following the same principle as in Rel. 15 / 16, one-to-one mapping between CSI-IM and CRI codepoint should be supported.
Proposal 4: Support one-to-one mapping between CSI-IM and CRI codepoint for a given CSI-ReportConfig. 
CSI Computation and UE Complexity
In Rel. 15/16, CPU and active CRI-RS resource/port occupation are specified to address the UE complexity related to CSI computation. For example, for CPU occupation, a report config with M CMR resources occupies M CPUs, or if a CSI-RS appears in N report configs, it is counted as N times toward the CPU budget. For a NCJIT hypothesis (with either approach 1 or approach 2 above), the number of CPUs should correspond to the number of PMI calculations, which is two. In addition, it should be considered as two active resources, and total number of ports should be considered for the NCJT hypothesis. Note that these numbers are separate than single-TRP hypotheses, i.e., if there are two single-TRP hypotheses and one NCJT hypothesis using the same resources / ports as the single-TRP hypotheses, the numbers should be separately counted toward CPU and active CRI-RS resource/port occupations as illustrated in Figure 3. This is because there are separate CSI computations corresponding to different CSI hypotheses.
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[bookmark: _Ref47519235]Figure 3: CPU and active CSRI-RS resource / port occupation for NCJT CSI.
Proposal 5: An SDM CSI hypothesis occupies two CPUs, two active resources, and a number of active ports corresponding to both TCI states. These numbers are separate from single-TRP hypotheses.
With respect to CSI codebook configuration, total number of antenna ports for a mTRP CSI hypothesis, and number of ports per TRP, UE complexity aspects should be carefully considered. In particular, RAN1 should avoid overdesigning the CSI for multi-TRP transmission which may not be practically valuable while increasing UE complexity and implementation cost. For example, Type I codebook should be the main focus as MU-MIMO with multi-TRP is not supported/optimized in Rel. 16. This is because main gain of multi-TRP transmission is for the cell-edge UEs and also in the case of small / medium resource utilization, where MU-MIMO may not be of interest in these regimes. It should be noted that only supporting Type I codebook is also consistent with current restriction in the specification that a CSI-RS resource set cannot contain more than one CSI-RS resource in the case of 'typeII', 'typeII-PortSelection', 'typeII-r16' or to 'typeII-PortSelection-r16' codebooks.
Furthermore, the total number of ports across both TRPs (irrespective of which category / which approach is selected) should not exceed 32 ports. Otherwise, the UE needs to handle larger complexity in terms of PMI calculation. It should be noted that even though UE calculates two PMIs, where each PMI corresponds to half of the total ports, the two PMIs should be jointly determined in order to capture the inter-layer interference. Hence, the complexity at the UE in case of 64 total CSI-RS ports is much larger than twice of the complexity of 32 CSI-RS ports. For the case of larger than 32 total CSI-RS ports, new considerations and specification impact is required such as new timelines for CSI computation. This should be avoided as there is not much benefit in practice for larger number of CSI-RS ports. In addition, the same number of CSI-RS ports should be considered at each TRP as multi-TRP gains may be negligible in the case asymmetric antenna configurations at the TRPs. Hence, we propose:
Proposal 6: For multi-TRP CSI enhancements:
· Only Type I codebook is supported.
· The maximum number of CSI-RS ports across both TRPs should not exceed 32 ports.
· The same number of CSI-RS ports per TRP is supported.
CSI Reporting
As in Rel. 15, the CSI report should consist of one CRI (in case there are more than one CSI hypotheses in the corresponding CSI-ReportConfig) to identify the corresponding hypothesis. Also, as discussed before, in Rel. 16 SDM scheme, different layers of the same codeword correspond to different TCI states. Hence, the corresponding CSI report should consist of only one CQI. However, as the two TRPs do not use joint precoding, separate PMIs / RIs should be reported by the UE. In addition, the UE should report separate layer indicators (LIs) as the strongest layer is used at the network side for PTRS transmission given that two PTRS ports is specified for SDM scheme in Rel. 16.
Proposal 7: SDM CSI report should consist of one CRI, one CQI, two RIs, two LIs, and two PMIs.
In Rel. 15, UE reports only one CSI for a given CSI-ReportConfig even when there are multiple CMRs, by selecting the best hypothesis and indicating the corresponding CRI. This is because all CSI hypotheses have the same type, i.e., they are all single-TCI state hypotheses. However, if there are different CSI hypothesis types in a given CSI-ReportConfig (i.e., some hypotheses are single-TCI state and other hypotheses are SDM / multi-TCI states hypotheses), then it may make sense to allow two CSI reports for a given CSI-ReportConfig. That is, instead of UE reporting one CSI corresponding to the best hypothesis, UE reports the best hypothesis among the single-TRP hypotheses as well as the best hypothesis among the multi-TRP hypotheses. Even though this may increase the reporting overhead, the two CSI reports can be very helpful for gNB to make proper scheduling decisions. For example, even though an SDM / multi-TRP CSI hypothesis can result in higher CQI from UE’s perspective, it utilizes more resources from network side and the trade-offs may be different. Hence, it would be more useful if the UE reports the two corresponding CSIs instead of selecting one CSI to report for both single-TRP hypotheses and multi-TRP hypotheses. This is illustrated in Figure 4.   
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[bookmark: _Ref47526146]Figure 4: UE reports two CSIs corresponding to the best single-TRP hypothesis and the best multi-TRP hypothesis.
Proposal 8: If a CSI-ReportConfig consist of both single-TCI state and multi-TCI state hypothesis types, UE reports two CSIs corresponding to the best hypothesis within a given type and the corresponding CRIs.
Discussion on CSI enhancement for FR1 FDD reciprocity
Evaluation results
In this part, we discuss evaluation results based on evaluation methodology agreed in last meeting [2, 3]. We will first elaborate on the simulation procedure and CSI-RS overhead counting, and secondly present the key observations. 
For FDD CSI simulation, following procedure is considered: 
· First, UE transmits SRS and the gNB determines preferred SD-FD bases based on a long-term filtering of SRS measurement. 
· The type of SD and FD bases are eigen-bases. 
· The granularity of FD bases is RB-level (i.e., the size of the FD bases selected by gNB is equal to the number of RBs). 
· Secondly, the gNB transmits CSI-RS using the determined SD-FD bases (each port is transmitted using a pair of SD and FD bases). 
· Third, the UE would calculate a “wideband” PMI comprises a port-selection matrix W1 and a coefficient matrix W2. 
· The W1 reporting and W2 reporting are layer-specific. 
· Note that a “wideband” PMI means that UE reports a single coefficient per selected port per layer, but the actual precoder combining the SD-FD bases used for CSI-RS precoding is still frequency selective. The actual precoder on FD unit n is , where  and  are the SD-FD bases applied on port k, and  is the reported coefficient.
In the last meeting, it was also agreed that CSI-RS overhead should be counted as beamformed CSI-RS is usually UE-specific. In our simulation, we count CSI-RS overhead as follows
· Semi-persistent CSI-RS is transmitted with 5ms periodicity during UE activation time where the UE has traffic. The reason of considering SP CSI-RS is that the gNB needs to obtain CSI periodically so as to make scheduling decision. 
· The actual CSI-RS overhead is also dependent on the number of active UEs during the activation time of each packet. For instance, if there are two UEs having overlapped activation time, the CSI-RS overhead should be doubled as there would be two CSI-RS transmissions (one for each UE). 
The simulation results presented below consider TR36.897 channel model and frequency-flat calibration error. Other assumptions follow the agreement in last meeting. The simulation bandwidth is 20MHz and subcarrier spacing is 15kHz (13 subband with subband size = 8). Detailed simulation setup is provided in Appendix. The baseline scheme is Rel-16 eType II port-selection (eT2 PS) parameter combination 1-6 and R=1. The beamforming of CSI-RS ports in eT2 PS is based on eigen-bases. The reference point for relative gain is eT2 PS parameter combo 1. For R17 CSI, we consider  non-zero coefficients are reported per layer, while the total number of coefficients across all layers is . 
Figure 5 and 6 present results considering high traffic with SU/MU adaptation. We can see that Rel-17 FDD CSI shows good gain at low overhead regime without (17%) and with (13%) considering CSI-RS overhead in throughout. The reason is that Rel-16 eT2 PS is too restrictive in number of port-selection (L=2) at low overhead regime. However, at high overhead regime, Rel-17 FDD CSI only provide marginal gain (7%) without counting CSI-RS overhead and performs worse (-6%~-3%) than eT2 PS after counting CSI-RS overhead.

Figure 5. Performance comparison between R17 with 32/16-port with eType II port-selection with 8-port under high traffic loading with SU/MU adaptation, not counting CSI-RS overhead

Figure 6. Performance comparison between R17 with 32/16-port with eType II port-selection with 8-port under high traffic loading with SU/MU adaptation, counting CSI-RS overhead

Figure 7. Performance comparison between R17 with 32/16-port with eType II port-selection with 8-port under low traffic loading with SU, not counting CSI-RS overhead

Figure 8. Performance comparison between R17 with 32/16-port with eType II port-selection with 8-port under low traffic loading with SU, counting CSI-RS overhead
Figure 7 and 8 present results considering low traffic with SU. At low CSI payload regime, it can be seen that FDD CSI yields marginal gain at low overhead without (4%) and with (3%) counting CSI-RS overhead. However, at high CSI payload regime, FDD CSI is worse than eT2 PS by -3% without counting CSI-RS overhead and -5% counting CSI-RS overhead.
Based on the discussion, we observe and propose
Observation 2: For high traffic load and SU/MU adaptation, at low CSI overhead regime, FDD CSI yields 17% gain over eT2 PS without counting CSI-RS overhead and 13% gain over eT2 PS counting CSI-RS overhead; at high CSI overhead regime, FDD CSI yields 7% gain without counting CSI-RS overhead and is worse than eT2 PS by -6%~-3% after counting CSI-RS overhead.
Observation 3: For low traffic load and SU, at low CSI overhead regime, FDD CSI yields 4% gain over eT2 PS without counting CSI-RS overhead and 3% gain over eT2 PS counting CSI-RS overhead; at high CSI overhead regime, FDD CSI is worse than eT2 PS by -3% without counting CSI-RS overhead and is worse than eT2 PS by -5% after counting CSI-RS overhead.
Observation 4: The performance gain at low overhead regime is resulted by selection of more ports rather than restricted to selecting L=2 ports in eT2 PS (while preserving similar overhead).
Proposal 9: RAN1 should carefully study the performance of FDD reciprocity before specifying potential enhancements.
· If performance gain is observed, RAN1 should justify the source of the gain and the discussion of enhancement techniques should be based on the justification.
Discussion on FDD CSI schemes
In last meeting, two high-level categories were agreed regarding codebook enhancements, i.e., Alt1 follows Rel-16 eType II structure with 3 matrices  and Alt2 follows Rel-15 Type II structure with 2 matrices . In this section, we elaborate our understandings of these two schemes and discuss potential enhancement.  In our view, the key difference of these two categories lies in the way gNB convey determined FD bases to UEs. 
(Alt2) Using T2-like structure ():
· In this approach, the gNB transmits precoded CSI-RS via SD and/or FD bases and the SD-FD bases pairs are transparent to UE. An illustration is shown in Figure 9, where in the precoder on FD unit n is dependent on the n-th entry of the corresponding FD basis. 
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Figure 9. Illustration of CSI-RS precoding using SD and FD bases
· In this approach, UE may report a single coefficient per port per layer across the CSI band. As mentioned in previous section, the actual precoder combining the SD-FD bases used for CSI-RS precoding is still frequency selective. This is because the actual precoder on FD unit n is , where  and  are the SD-FD bases applied on port k, and  is the reported coefficient. 
(Alt1) Using eT2-like structure ()
· In this approach, the precoding of CSI-RS may be via SD bases only and the FD bases (i.e.,  matrix) are configured to the UE, so the FD bases may be non-transparent to UE. Alternatively, the precoding of CSI-RS may be via a few SD-FD bases pairs, and the remaining FD bases (i.e.,  matrix) associated to each port are configured to the UE.
· In this approach, UE may report a single coefficient per port per FD basis per layer. The actual precoder on FD unit n is equivalent to Alt1 as . The difference is that some of FD bases  are used to precode CSI-RS, while some others are configured to the UE.
From throughout perspective, Alt2 may have better performance because gNB has more flexibility to choose bases types, e.g., eigen bases and finer bases granularity, e.g., RB-level. However, Alt1 may save CSI-RS overhead by configuring FD bases, but the type of FD bases may be restricted to DFT bases as configuring eigen bases cost larger overhead and eigen bases may be sensitive to quantization. If there are sufficient number of CSI-RS ports, it is not much beneficial by configuring additional FD bases to UE because the SD-FD bases used for CSI-RS precoding is rich enough for a solid CSI report while the total CSI reporting overhead will increase even higher than Rel-16 eType II port-selection. 
Observation 5: For Rel-17 FDD CSI, the difference of using Rel-15 Type II structure ()  or Rel-16 eType II structure () is that whether FD bases are transparent to UE or not, respectively.
Observation 6: For Rel-17 FDD CSI, Rel-15 Type II structure () provide better flexibility for gNB to determine the types and granularity of SD-FD bases which are used for CSI-RS precoding or delay pre-compensation.
Observation 7: For Rel-17 FDD CSI, Rel-16 eType II structure () may save CSI-RS overhead by configuring FD bases (i.e., ) to UE via RRC signalling.
Observation 8: For Rel-17 FDD CSI, using Rel-16 eType II structure ()  with more than 1 FD bases per port may not beneficial when there are sufficient number of CSI-RS ports.
Based on the observation 4 in previous section, we can see the main benefit lies in lower overhead regime where the UE can selects more than L=2 CSI-RS ports compared to eT2 PS. Toward this, following simple enhancement can be considered
· For Alt2, define candidate port-selection ratio supporting large number of selected ports (e.g., allow selection >=8 ports per layer), and report single coefficient per port per layer across the CSI reporting band.
· For Alt1, define a new parameter combination with larger number of selected ports and smaller number of FD bases and Wf are configured. 
Thus, based on the discussion, we propose
Proposal 10: If RAN1 is to specify Rel-17 FDD CSI, consider simple enhancement, e.g., allowing more ports to be selected compared to Rel-16 eType II port-selection while preserving no larger CSI overhead.
Discussion on SD-FD pairs to CSI-RS port mapping
[bookmark: _GoBack]In last meeting, many-to-one mapping between SD-FD pairs and CSI-RS ports was raised, i.e., How to map  SD-FD bases to  ports and infrom UE. The motivation is to accommodate more SD-FD pairs in a resource without increasing CSI-RS overhead such as mapping 32 SD-FD pairs into 8-port resource. 
In our view, many-to-one mapping has large spec impact. More specifically, the precoding matrix W defines mapping to CSI-RS ports and the CQI calculation assumption is based on a layer-to-CSIRS port mapping via precoding matrices (see section 5.2.2.5 of TS38.214), it is complicated to introduce a pair-to-port mapping between the CSI-RS ports and precoding matrix. 
Moreover, for each codebook, UE reports capability of number of active CSI-RS port per resource, number of active resources, and number of total active ports. With many-to-one pair-to-port mapping, it iss unclear how to use the CSI-RS capability to indicate the capability of SD-FD pairs.
From implementation perspective, even if a CSI-RS port is mapped to multiple SD-FD pairs, UE will treat it as multiple ports because they are transmitted with different precoders so that UE cannot treat them as a single port in channel estimation and CSI measurement. If the intention is to keep CSI-RS overhead at low level, the most straightforward way to is to reduce the density, e.g., allowing density=0.25 to be configured for 32-port resource. This makes 32-port resource with same overhead as an 8-port resource, and achieves same functionality as mapping a port to 4 SD-FD pairs. 
Observation 9: Many-to-one pair-to-port mapping requires large spec impact and complicate UE capability signaling.
Observation 10: Allowing lower density achieves same functionality of many-to-one pair-to-port mapping.
Proposal 11: RAN1 should not consider many-to-one mapping between SD-FD bases and CSI-RS port.
Conclusion
In this contribution, we discuss issues related to CSI enhancement for mTRP and FR1 FDD reciprocity. Based on the observation
Observation 1: CSI for SDM PDSCH scheme with two TCI states (corresponding to two TRPs) is different than Rel. 15/16 CSI with respect to the following aspects:
· Inter-layer interference from the other TRP is not the same as CSI-IM or NZP-CSI-RS for interference measurements.
· Inter-layer interference from the other TRP is not the same as inter-layer interference in single-TCI state PDSCH with multiple layers as two PMIs corresponding to the two TRPs are required. 
Observation 2: For high traffic load and SU/MU adaptation, at low CSI overhead regime, FDD CSI yields 17% gain over eT2 PS without counting CSI-RS overhead and 13% gain over eT2 PS counting CSI-RS overhead; at high CSI overhead regime, FDD CSI yields 7% gain without counting CSI-RS overhead and is worse than eT2 PS by -6%~-3% after counting CSI-RS overhead.
Observation 3: For low traffic load and SU, at low CSI overhead regime, FDD CSI yields 4% gain over eT2 PS without counting CSI-RS overhead and 3% gain over eT2 PS counting CSI-RS overhead; at high CSI overhead regime, FDD CSI is worse than eT2 PS by -3% without counting CSI-RS overhead and is worse than eT2 PS by -5% after counting CSI-RS overhead.
Observation 4: The performance gain at low overhead regime is resulted by selection of more ports rather than restricted to selecting L=2 ports in eT2 PS (while preserving similar overhead).
Observation 5: For Rel-17 FDD CSI, the difference of using Rel-15 Type II structure ()  or Rel-16 eType II structure () is that whether FD bases are transparent to UE or not, respectively.
Observation 6: For Rel-17 FDD CSI, Rel-15 Type II structure () provide better flexibility for gNB to determine the types and granularity of SD-FD bases which are used for CSI-RS precoding or delay pre-compensation.
Observation 7: For Rel-17 FDD CSI, Rel-16 eType II structure () may save CSI-RS overhead by configuring FD bases (i.e., ) to UE via RRC signalling.
Observation 8: For Rel-17 FDD CSI, using Rel-16 eType II structure ()  with more than 1 FD bases per port may not beneficial when there are sufficient number of CSI-RS ports.
Observation 9: Many-to-one pair-to-port mapping requires large spec impact and complicate UE capability signaling.
Observation 10: Allowing lower density achieves same functionality of many-to-one pair-to-port mapping.
We propose
Proposal 1: For multi-TRP CSI enhancements, RAN1 should initially focus on joint CSI for SDM scheme (scheme 1a). 
Proposal 2: Support Category 1 for multi-TRP CSI enhancements.
Proposal 3: Study the pros and cons of the following two approaches within Category 1 to enable CSI report for SDM scheme:
· Approach 1: Support two TCI states for one CSI-RS resource for CMR, where the CSI-RS ports consists of two port groups associated with the two TCI states.
· Approach 2: Support two CMRs corresponding to two CSI-RS resources for a NCJT CSI hypothesis.
Proposal 4: Support one-to-one mapping between CSI-IM and CRI codepoint for a given CSI-ReportConfig. 
Proposal 5: An SDM CSI hypothesis occupies two CPUs, two active resources, and a number of active ports corresponding to both TCI states. These numbers are separate from single-TRP hypotheses.
Proposal 6: For multi-TRP CSI enhancements:
· Only Type I codebook is supported.
· The maximum number of CSI-RS ports across both TRPs should not exceed 32 ports.
· The same number of CSI-RS ports per TRP is supported.
Proposal 7: SDM CSI report should consist of one CRI, one CQI, two RIs, two LIs, and two PMIs.
Proposal 8: If a CSI-ReportConfig consist of both single-TCI state and multi-TCI state hypothesis types, UE reports two CSIs corresponding to the best hypothesis within a given type and the corresponding CRIs.
Proposal 9: RAN1 should carefully study the performance of FDD reciprocity before specifying potential enhancements.
· If performance gain is observed, RAN1 should justify the source of the gain and the discussion of enhancement techniques should be based on the justification.
Proposal 10: If RAN1 decide to specify Rel-17 FDD CSI, consider simple enhancement allowing more ports to be selected compared to Rel-16 eType II port-selection while preserving no larger CSI overhead.
Proposal 11: RAN1 should not consider many-to-one mapping between SD-FD bases and CSI-RS port.
Appendix – simulation setup
	Parameter
	Value

	Scenario
	UMa

	Frequency Range
	2GHz with duplexing gap of 200MHz between DL and UL

	Channel model
	The reciprocity model of DL/UL channel is based on Section 5.3 of TR 36.897.

	Antenna setup and port layouts at gNB
	32 ports: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ

	Antenna setup and port layouts at UE
	4RX: (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for rank > 2

	Simulation bandwidth
	20 MHz with 15KHz

	CSI feedback
	CSI feedback periodicity (full CSI feedback) :  5 ms,
Scheduling delay:  4 ms

	Traffic load (Resource utilization)
	80% for SU/MU-MIMO with rank adaptation upto rank-4 each UE
20% for SU-MIMO with rank adaptation up to rank-4

	UE receiver
	MMSE-IRC as the baseline receiver

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	SRS modeling for UL channel estimation
	SRS periodicity with 5ms/10ms
SRS error modeling in Table A.1-2 in 36.897 with 

	FDD DL/UL calibration error model at gNB
	Amplitude error (expressed in decibel of ) and phase error are normal distribution with 0.7dB and 5 degrees standard deviation, respectively.
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SU/MU, rank-4, 20MHz, 15kHz, 80%RU, 4R

R17 32-port	240	352	464	576	1.193745658975693	1.2881815322314425	1.2981593828011575	1.3178197073308311	R17 16-port	120	176	232	288	1.0514754713335581	1.166947091813227	1.1998082814419886	1.2105785849973896	eT2 PS 8-port	172	229	265	378	567	623	1	1.0760633382440674	1.2051886715424003	1.2551308827890242	1.252602554243059	1.2556545451964825	CSI payload


Relative gain




SU/MU, rank-4, 20MHz, 15kHz, 80%RU, 4R, counting CSI-RS overhead 

R17 32-port	240	352	464	576	1.1032472960311879	1.1922418735937705	1.2026751524494514	1.2211597677799957	R17 16-port	120	176	232	288	1.0226753122397891	1.1360615409630204	1.1685453245804514	1.1794075524948919	eT2 PS 8-port	172	229	265	378	567	623	1	1.0765048907012869	1.2069195539184356	1.2574485229090697	1.2547870273064701	1.2578443407718152	CSI payload


Relative gain




SU, rank-4, 20MHz, 15kHz, 20%RU, 4R 

R17 32-port	240	352	464	576	1.0462962962962963	1.0740740740740742	1.0833333333333333	1.0925925925925926	R17 16-port	120	176	232	288	1.0092592592592593	1.037037037037037	1.0555555555555556	1.0555555555555556	eT2 PS 8-port	172	229	265	378	567	623	1	1.037037037037037	1.0740740740740742	1.1018518518518519	1.1111111111111112	1.1111111111111112	CSI payload


Relative gain




SU, rank-4, 20MHz, 15kHz, 20%RU, 4R, counting CSI-RS overhead 

R17 32-port	240	352	464	576	1.0184306500377929	1.0454686318972033	1.0544812925170068	1.0634939531368104	R17 16-port	120	176	232	288	1.0061696900982615	1.0338624338624338	1.0523242630385488	1.0523242630385488	eT2 PS 8-port	172	229	265	378	567	623	1	1.037037037037037	1.0740740740740742	1.1018518518518519	1.1111111111111112	1.1111111111111112	CSI payload


Relative gain
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