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[bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]A WI [1] was agreed in RAN#86 for further enhancements on MIMO for NR. In particular Rel. 17 WI will specify enhancements on CSI measurement and reporting for joint transmission with multi-TRP, as well as FDD reciprocity. 
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 motivate the need for CSI enhancements for FDD massive MIMO, and discuss how partial reciprocity can be leveraged to achieve those enhancements. We further discuss CSI enhancements to enable more dynamic channel/interference hypotheses for multi-TRP/multi-panel transmission
CSI Enhancements for Partial FDD Reciprocity
While a lot of the focus of NR specification was on high frequency bands, and time division duplexing, NR supports a large number of low frequency bands - sub-3GHz - that operate in frequency division duplexing (FDD) mode. Optimizing MIMO operation for FDD bands is thus of great importance to operators worldwide. Although some improvements have been made to MIMO operation in FDD bands in Rel. 15 and Rel. 16, much remains to be done.
Whereas TDD relies on channel reciprocity, in FDD, the receiver relies on estimating and feeding back an estimate of the channel state information to the base station. In NR Rel. 15, type II CSI codebook was introduced to improve the CSI feedback by feeding back information about the full channel space. This means that a linear combination of coefficients with subband granularity phases are fed back to the transmitter, incurring a very large overhead and a high UE complexity. In Rel. 16, DFT compression was introduced to reduce the overhead. There is still much room, however, for improvement, especially when we think about scalability, implementation complexity, and high-speed mobility applications.

For FDD systems, though the channel is different from one frequency carrier (DL) to another (UL), the underlying physical paths that constitute the environment between the transmitter and the receiver are the same. Large scale parameters of the channel such as the delay spread, the azimuth spread of arrival, the azimuth spread of departure, and the shadow fading are frequency independent. Some parameters can further be thought of as slightly varying such as the delay, azimuth angle of arrival, azimuth angle of departure, zenith angle of arrival, zenith angle of departure, while others such as the initial phase of each path, and the Doppler vary with frequency and transmit direction. 
In Figure 1 we show the mean reciprocity loss between the UL and DL channels using the 3GPP channel model. The mean reciprocity loss is defined as:

Where  ,  and where the columns of  and are the right eigenvectors of  and , respectively. The figure shows mean reciprocity loss up to 3.5dB for UMi for different inter-carrier frequency separations. This figure shows that there is a large commonality between the UL and DL channels in FDD, and this commonality is conducive to exploiting partial reciprocity techniques to improve DL spectral efficiency.  
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Figure 1: Mean FDD Reciprocity Loss for UMi channels with various frequency separation

Observation 1: Partial FDD reciprocity can be exploited to improve the DL spectral efficiency
Typical reciprocity-based schemes in FDD MIMO utilize the reciprocity between the angle of departure (AoA) and angle of departure (DoA). These schemes effectively reduce the amount of feedback needed but do not leverage other parameters in the channel that can be reciprocal. We propose instead to exploit the power delay profile to extract the frequency domain changing trend, and the power doppler profile, to extract the long-term channel variation. 
An example of the invariance of the channel in the Doppler and delay domain is shown in Figure 2. In Figure 2(a), the covariance norm is shown by averaging over the frequency samples, in terms of time samples. In Figure 2(b), the covariance norm of the same channel in the delay doppler domain is shown by averaging over the delay samples, in terms of Doppler samples. As can be seen for two channel instances at two different times, the channel in time frequency domain is variant, while the channel in the delay doppler domain is invariant to time window change. Leveraging this invariance is key to compressing the feedback and reducing the feedback overhead in FDD systems.
[image: ][image: ]
Figure 2: Comparison of covariance norm in time and doppler domains.

Observation 2: Exploiting the power delay and power Doppler profiles to track long term and frequency domain changing trends can significantly improve the feedback overhead.
Similarly to the current feedback methodology, one can thus construct a long term channel feedback component, that is not only based on the angular profile, but is rather based on channel parameters that are relatively stable, and can be reciprocal on the uplink and the downlink, and using it to improve the feedback in FDD massive MIMO systems, the feedback system will be simplified and the performance improved, as the long term feedback will not only be based on a fixed combination of DFT beams but rather a more general arbitrary combination of beams that give more information about the channel at the transmitter. 
Another important component to keep in mind when leveraging partial reciprocity for FDD, is the required calibration. In fact, calibration for FDD systems might prove more challenging than calibration for TDD systems. 
In traditional over-the-air calibration, the channel or channel covariance matrix is fed back to learn the channel on the uplink, then get the channel on the downlink. One can however exploit the UE CSI feedback itself to carry the channel feedback required for over the air calibration, combining the covariance feedback for calibration with the CSI feedback. The key advantage is that no extra overhead is incurred for calibration, and the calibration is instead embedded in regular CSI feedback framework, leaving it almost invisible to the system. 
Observation 3: Channel calibration should be taken into account in the design of the new CSI framework for FDD reciprocity
Proposal 1: Specify CSI measurement and reporting enhancements where DL CSI is reported by the UE along with possible UE-assisted calibration mechanism 

CSI Enhancements for Multi-TRP/Multi-Panel Transmission

While Rel. 16 brought a lot of enhancements to multi-TRP operation in NR, there is much work to be done for CSI enhancement through more dynamic, less overhead CSI reports. 

We propose a new compact CSI report that can be based on DMRS/PDSCH estimation for multi-TRP transmission with single PDCCH. 

For Multi TRP transmission, if the UE uses individual CSI estimates from each TRP, the MCS selection for the joint transmission is not optimal. One technique to reduce the mismatch, while at the same time reduce the overhead due to CSI-RS is to use compact CSI report based on DMRS/PDSCH transmission.

In fact, if we were to track the changes in the RI and the PMI reported in the conventional CSI report based on CSI-RS estimation, for a given UE, we notice that the number of layers and the PMI is unlikely to change significantly from one scheduling interval to subsequent scheduling intervals. This is further illustrated in Figures 3 and 4 for RI, and Figures 5 and 6 for PMI, respectively, for 2 and 4 CSI-RS ports with 2 and 4 receive antennas.  
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Figure 3 Snapshot of RI reported with 2 CSI-RS ports

         [image: ]
Figure 4 Snapshot of RI reported with 4 CSI-RS ports
[image: ]
Figure 5 Snapshot of PMI reported with 2 CSI-RS ports
[image: ]
Figure 6 Snapshot of PMI reported with 4 CSI-RS ports
We thus can conclude that if the UE can estimate the SINR on the scheduled rank and scheduled PMI (e.g. via precoded DMRS), the SINR variation is not significant. There are many benefits of such a scheme such as reduced CSI reporting delay, reduced CSI-RS transmissions etc. 

Observation 4: Since the RI and PMI do not change significantly over a period of time, the UE can estimate the channel and the SINR using e.g. precoded DMRS and can report a compact CSI along with HARQ-ACK of the current transmission.  

 The compact CSI sent along with the HARQ-ACK feedback includes at least a CQI estimation. We thus propose,

Proposal 2: RAN1 should support DMRS/PDSCH based CSI estimation for UCI enhancements with single PDCCH based Multi-TRP transmission

Proposal 3: RAN1 should support new compact CSI report embedded in the HARQ-ACK feedback. 
Conclusions
In this contribution we described our views on CSI enhancements for Release 17 feMIMO WI related to FDD reciprocity and multi-TRP transmission. We made the following observations and proposals:
[bookmark: _Ref450342757]Observation 1: Partial FDD reciprocity can be exploited to improve the DL spectral efficiency
Observation 2: Exploiting the power delay and power Doppler profiles to track long term and frequency domain changing trends can significantly improve the feedback overhead.
Observation 3: Channel calibration should be taken into account in the design of the new CSI framework for FDD reciprocity
Observation 4: Since the RI and PMI do not change significantly over a period of time, the UE can estimate the channel and the SINR using e.g. precoded DMRS and can report a compact CSI along with HARQ-ACK of the current transmission.  
Proposal 1: Specify CSI measurement and reporting enhancements where DL CSI is reported by the UE along with possible UE assisted calibration mechanism 
Proposal 2: RAN1 should support DMRS/PDSCH based CSI estimation for UCI enhancements with single PDCCH based Multi-TRP transmission

Proposal 3: RAN1 should support new compact CSI report embedded in the HARQ-ACK feedback. 
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Snapshot of RI distribution at SNR10dB
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Snapshot of RI distribution at SNR20dB
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Snapshot of PMI at SNR10dB
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Snapshot of PMI at SNR20dB
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