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Introduction
In RAN#86 meeting, Rel-17 FeMIMO WI was approved in RP-193133 [1]. Four main areas haven been identified for the Rel-17 FeMIMO, namely
1. Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1
2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2
3. Enhancement on SRS, targeting both FR1 and FR2
4. Enhancement on CSI measurement and reporting

Regarding CSI measurement and reporting enhancement, the following objectives are approved as part of Rel-17 FeMIMO [1]
	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 this contribution, we provide our views on the Rel-17 FeMIMO CSI enhancement in the following areas 
· CSI measurement and reporting enhancement for MTRP 
· Type II port selection codebook enhancement utilizing partial DL/UL channel reciprocity
CSI enhancement for MTRP
Rel-15/16 CSI measurement and reporting adopts the design framework of CMR and IMR, in which CMR is configured for channel measurement, and IMR is configurated for interference measurement. In terms of IMR, there are two types of IMR, i.e., NZP-IMR (a.k.a. NZP-CSI-RS) and ZP-IMR (a.k.a. CSI-IM).
For CSI enhancement for MTRP, the main focus is on the NJCT (Non-Coherent Joint Transmission) scheme, in which, the PDSCH transmitted from two TRP can overlap in frequency. For example, Multi-DCI based Multi-TRP operation and Single-DCI based Multi-TRP operation with SDM mode can be used to schedule explicit NCJT operation to the UE. 
Rel-16 solution focused on the PDSCH scheduling enhancement, by introducing 6 different modes, 1 for Multi-DCI based Multi-TRP and 5 for Single-DCI based Multi-TRP. However, CSI enhancement is not allowed in Rel-16. Figure 1 illustrates a simple issue for NCJT. Assume TRP1 transmits one CSI-RS resource set and TRP 2 transmits the other CSI-RS resource set, we have the following observation
· There is no clear definition of CMR and IMR for NCJT
· When TRP1 transmits its PDSCH, the CSI-RS resource set from TRP 1 is CMR, while CSI-RS resource set from TRP 2 is IMR
· When TRP2 transmits its PDSCH, the CSI-RS resource set from TRP 2 is CMR, while CSI-RS resource set from TRP 1 is IMR
In other words, for UE to derive the optimal CSI reporting, UE needs to jointly consider the reciprocal CMR/IMR relationship between TRP1 and TRP2. Using PMI as an example, UE needs to jointly solve the following optimization problem, note that the problem formulation is loose and for illustration purpose only 

Whereas 
·  and  are the channel from TRP1 and TRP2 respectively 
·  and  are the precoding matrix (PMI) of TRP1 and TRP2 respectively 
·  is the capacity function 
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Figure 1 Reciprocal relationship between CMR and IMR for NCJT
From the above analysis, we can see that, for UE to provide the optimal CSI reporting. The following two things are required 
1. The flexible CSI measurement RS configuration to reflect the reciprocal relationship between CMR and IMR
2. The flexible CSI report quantity configuration to allow UE to report joint optimization results in terms of PMI/RI/CRI/LI/CQI.
Therefore, we have the following proposal 
Proposal 1 In Rel-17 CSI enhancement for MTRP, consider the enhancement to both CSI measurement configuration and CSI report quantity configuration to reflect the reciprocal relationship between CMR and IMR, especially for NCJT
CSI enhancement with partial DL/UL channel reciprocity
Even for FDD spectrum, it is believed that DL and UL channel still have certain reciprocity, i.e., share similar channel statistic, even though the actual channel can be highly uncorrelated. For DL/UL channel partial reciprocity, it is generally the observation that the following two channel properties can be very similar between DL and UL
1. Channel delay and power profile
2. Channel angle in terms of AoA/AoD
In general, this is assuming that the DL and UL go through the similar reflection and scattering, and the wavelength of DL and UL signals are also similar even with frequency duplexing separation. 
In this section, we discuss the potential CSI enhancement utilizing the partial DL/UL channel reciprocity
CSI enhancement with reciprocal information of delay/power profile
Delay and power profile determine the frequency selectivity of the channel. To handle the frequency selective channel, Rel-15/16 CSI allows both the Wideband and Subband CSI reporting. For Subband configuration, NW can select one of the two possible subband sizes via RRC for the BWP whose size is greater than or equal to 24 PRB. If NW can obtain the channel frequency selectivity more dynamically via the SRS measurement, more dynamic wideband and subband CSI reporting configuration can be considered
Proposal 2 For CSI enhancement utilizing partial reciprocity of DL/U channels, more dynamic wideband and subband CSI reporting configuration can be considered
CSI enhancement with reciprocal information of angle
Figure 2 illustrate the concept of using Type II port selection codebook to enhance CSI reporting based on reciprocal channel angle information between DL and UL.

· NW estimate UL channel from SRS and obtains one or multiple strongest AoA based on the SRS measurement 
· NW performs local sweep of each identified AoA by precoding the corresponding CSI-RS ports, assuming DL and UL channel is semi-reciprocal in terms of the angle, AoA/AoD
· NW configures Type II port selection codebook for UE to select the best precoded CSI-RS ports. 

However, Rel-15/16 Type II port selection codebook already provides quite flexible port selection and indication. It is unclear whether any enhancement is needed for the Type II port selection codebook. Therefore, we have the following proposal

Proposal 3 For Type II port selection codebook enhancement, further evaluation and justification is needed 
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Figure 2 Reciprocal angle information for port selection codebook

From discussion above, it can be seen that CSI acquisition for FDD exploiting partial reciprocity is heavily impacted by the gNB decision on the precoding of CSI-RS. Since different gNB vendors may have different choices in precoder design, how to ensure the potentially specified UE CSI feedback enhancement is suitable for diverse precoder design choices needs to be studied. From the WID, the enhancement is based on Rel-16 Type II codebook design, where precoder’s correlation in the frequency domain plays a central role; hence frequency domain correlation in the channel response of the precoded CSI-RS can be still assumed in the study. With that, to stimulate the discussion on how to ensure any potentially specified enhancement is suitable for diverse precoder design for CSI-RS, we can consider hierarchical frequency selective precoding for the feedback from UE. Fo example,  with 4 CSI subbands  at the bottom level, then by merging two CSI subbands one can come up with two frequency parts (); then they are merged into the whole CSI feedback bandwith. If a single wideband PMI works for all CSI subbands , then just a single wideband PMI is fed back by the UE. If that is not sufficient, then precoders at level 1 and level 2  can be considered, and selectively fed back to adapt the feedback overhead according to frequency domain correlation. 
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Figure 3 Hierarchical frequency selective precoding
Conclusion
In RAN#86 meeting, Rel-17 FeMIMO WI was approved in RP-193133 [1]. Four main areas haven been identified for the Rel-17 FeMIMO, namely
1. Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1
2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2
3. Enhancement on SRS, targeting both FR1 and FR2
4. Enhancement on CSI measurement and reporting

Regarding CSI measurement and reporting enhancement, in this contribution, we provide our views on the following areas 
· CSI measurement and reporting enhancement for MTRP 
· Type II port selection codebook enhancement utilizing partial DL/UL channel reciprocity
We have the following proposals 
Proposal 1 In Rel-17 CSI enhancement for MTRP, consider the enhancement to both CSI measurement configuration and CSI report quantity configuration to reflect the reciprocal relationship between CMR and IMR, especially for NCJT

Proposal 2 For CSI enhancement utilizing partial reciprocity of DL/U channels, more dynamic wideband and subband CSI reporting configuration can be considered

Proposal 3 For Type II port selection codebook enhancement, further evaluation and justification is needed 
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