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1 Introduction
In RANP#86 meeting, the WID on CSI measurement and reporting enhancement of Rel.17 was established as below:
	A part of the WID [1]
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 discuss various issues related to partial DL/UL channel reciprocity in FDD and TDD wireless communication systems. To alleviate these issues, we propose that a covariance matrix of DL noise and interference is reported by the UE to the gNB. Also, we discuss the possibility of sending DL pilots on an FR1 UL band to solve reciprocity issues.
2 Discussion
2.1 Enhancements to Type II port selection codebook
This section corresponds to the following:
	A part of the WID [1]

Enhancement on CSI measurement and reporting:

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.


Type II codebooks can be used to report explicit feedback of DL CSI for MU-MIMO operation based on either CSI-RS (“regular” Type II codebook) or beamformed CSI-RS (Type II codebook port selection). Compared to Type I codebooks, Type II codebooks are especially beneficial to cellular systems with many gNB antennas, i.e., massive MIMO systems. In Rel. 15, rank-1 and rank-2 transmissions are supported by Type II codebooks [4], while in In Rel. 16, Type II codebooks have been enhanced to support rank-3 and rank-4 transmissions [2][5], thereby increasing the spectral efficiency of the system.
While Type II codebooks have the potential of increasing the data throughout of 5G NR networks, this comes at the cost of additional feedback overhead. In fact, the feedback overhead associated with Type II codebook increases linearly with the rank of the transmissions and the number of sub-bands [5][6]. Hence, to reap higher data throughputs, there is a need to limit the amount of feedback overhead associated with Type II codebook.
Observation 1: As of Rel. 16, the feedback overhead associated with Type II codebooks increases linearly with the rank of the transmissions and the number of sub-bands.
In FR1, one possible way to reduce the overhead of type II CSI is to exploit the DL/UL channel reciprocity of the propagation channel between a device and the gNB. For example, in FDD FR1, one or more devices may send pilot signals in the uplink. The BS can then use said pilot signals to figure out a set of beamformed CSI-RSs that concurrently cater for the set devices. In this example, the precoders to be applied by the BS are reported by the devices using Type II port selection codebook. Now, by assuming DL/UL partial channel reciprocity, the BS can select a reduced set of beams to be considered by the UEs, thereby reducing the associated DL CSI feedback overhead. This is illustrated in Figure 1a) and 1b). (Of course, in TDD systems relying on full DL/UL channel reciprocity, DL CSI feedback can be eliminated completely.)
Observation 2: The feedback overhead associated with Type II codebooks can be reduced by assuming partial DL/UL channel reciprocity.
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Figure 1. Example Rel. 16 system with Type II port selection codebook (a). Example of possible Rel. 17 system exploiting DL/UL channel reciprocity to reduce the feedback overhead associated with Type II port selection precoder; (b) DL/UL partial channel reciprocity can be used, e.g., to reduce the number of CSI-RS candidate beams.
However, there are at least two problems inherent to the approach of y assuming partial DL/UL channel reciprocity.
2.1.1 Problem of TDD system partial DL/UL channel reciprocity
First, we note that in a TDD system, even when the full DL/UL channel reciprocity assumption holds, the covariance matrices of receiver noise at the BS and the UE do not need to be reciprocal. In particular, if the covariance matrix of UE receiver noise is not known to the BS, the beamformed CSI-RSs selected by the BS may be significantly sub-optimal, thereby resulting in unnecessarily low realized spectral efficiencies. This is illustrated in Figure 2, where a UE is interfered in the DL direction by UEs in a neighboring cell, wherein the neighboring cell has a DL/UL configuration different from the serving cell. This is the case, for instance, with dynamic TDD [6], wherein the DL/UL duplexing of a gNB may change on an OFDM slot-basis, or in unlicensed bands, wherein interference from coexisting networks cannot be avoided and may look different in the UL and the DL. 
Observation 3: In TDD FR1 systems where cells can have different DL/UL configurations, UEs in neighboring cells can interfere the DL of a UE in the serving cell. This leads to non-reciprocal covariance matrices of noise in the UL and in the DL, which undermines the benefits of the DL/UL channel reciprocity assumption.
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Figure 2. In a TDD system, UE 2 in a neighboring cell may interfere with the DL of UE 1 whenever the two cells use different DL/UL configurations.
Although this problem is particularly relevant to TDD FR1 systems, which typically rely on DL/UL channel reciprocity and may therefore eliminate DL CSI feedback, it may also occur in FDD systems when properties of the DL channel (e.g., angles and delays) are derived from UL channel measurements. This is illustrated in Figure 3. The DL of UE 1 in cell 1 is interfered by gNB 2, in a neighboring cell. gNB 1 is, however, unaware of this. If SRS transmissions are used to assist the DL codebook selection of UE1, the selected codeword will not take inter-cell interference into account and might therefore be highly sub-optimal.

Observation 4: In FDD FR1 systems, gNBs in neighboring cells can interfere the DL of a UE in the serving cell. This leads to non-reciprocal covariance matrices of noise in the UL and in the DL, which undermines the benefits of the DL/UL channel reciprocity assumption.
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Figure 3. In a FDD system, gNB 2 in a neighboring cell may interfere with the DL of UE 1. This inter-cell interference is unknown to gNB 1. Therefore, sub-optimal beam selection may result if gNB 1 performs SRS-assisted DL beam selection.
In order to overcome this problem, we propose that the UE signals to the BS the covariance matrix of receiver noise, based on measurements of noise and interference at the UE. (Although measurements of interference in the DL can be scheduled (CSI-IM), such measurements typically focused on interference power and neglect the covariance of receiver noise and interference.)
Proposal 1: In TDD and FDD FR1 systems exploiting DL/UL channel reciprocity, the UE can signal to the BS the DL covariance matrix of noise and interference. The ways of transferring this information from the UEs to the BS need to be further studied and specified.
2.1.2 Problem of FDD system with partial DL/UL channel reciprocity
The second problem is related to the partial DL/UL channel reciprocity assumption itself and is mostly relevant to FDD FR1 systems. In such systems, the separation between the UL and the DL bands can be significant compared to the coherence bandwidth of the channels. In fact, it is known that for environments with non-dominant line-of-sight propagation (LoS) or non-LOS (NLoS) propagation signals can propagate through many directions between the BS and the UEs. In particular, the dominant directions of propagation in the UL and in the DL can be different. As a matter of fact, it is not known in detail how well the partial DL/UL reciprocity assumption holds as a function of the separation between the UL and the DL bands. Since this assumption is at the core of various candidate methods to reduce the DL CSI-RS overhead, the applicability of the partial DL/UL channel reciprocity assumption to FDD FR1 systems and methods to overcome the deterioration of the said reciprocity assumption should be studied.
Proposal 2: Methods to overcome the deterioration of said reciprocity assumption need also to be studied.
2.1.3 Possible CSI enhancements under poor channel reciprocity
For FDD sub 6 GHz not only the DL beam management is challenging. For massive MIMO in FDD bands the beam selection is based on DL SSBs broadcasted in a beam sweep. For each SSB there is an associated RACH resource (in general an associated UL beam). As the SSBs are used for both initial access and UE beam re-selection it is of importance that the UL and DL beams are aligned. If digital beamforming is used, RACH messages can be used to ensure that the optimal UL beam is identified at the gNB. However, for gNBs with analog beamforming addressing the best UL beam based on SSBs may be problematic. This is illustrated in Figure 4. The channel of a beam with strong receive power in the DL band, and hence with a SSB that can be detected by the UE with high probability, may fade away in the UL band. RACH messages sent by the UE on the associated UL beam may not be heard by the gNB. Conversely, beams with weak receive power in the DL band may display a large signal strength in the UL band. Therefore, possible enhancement on designing the DL reference signal to improve both DL and UL code book selection when the reciprocity is poor can be further studied. 
Observation 5: The FDD system can suffer from the impaired UL and DL codebook selection when the channel reciprocity is poor.
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Figure 4. Frequency-varying channels for various DL beams.
One possible enhancement on CSI to improve the codebook selection when the channel reciprocity cannot be hold is given here: One alternative that can be investigated is to introduce DL CSI-RS in the UL band. This would enable the UE to estimate the optimal UL beam and, in general, the level of reciprocity. 

Proposal 3: Possible enhancements of CSI to improve the UL and DL code book selection when channel reciprocity is poor can be investigated and studied. 

3 Conclusions
In this contribution, the following observations have been made:
Observation 1: As of Rel. 16, the feedback overhead associated with Type II codebooks increases linearly with the rank of the transmissions and the number of sub-bands.
Observation 2: The feedback overhead associated with Type II codebooks can be reduced by assuming partial DL/UL channel reciprocity.
Observation 3: In TDD FR1 systems where cells can have different DL/UL configurations, UEs in neighboring cells can interfere the DL of a UE in the serving cell. This leads to non-reciprocal covariance matrices of noise in the UL and in the DL, which undermines the benefits of the DL/UL channel reciprocity assumption.
Observation 4: In FDD FR1 systems, gNBs in neighboring cells can interfere the DL of a UE in the serving cell. This leads to non-reciprocal covariance matrices of noise in the UL and in the DL, which undermines the benefits of the DL/UL channel reciprocity assumption.

Observation 5: The FDD system can suffer from the impaired UL and DL codebook selection when the channel reciprocity is poor.
We have also made the following proposals:

Proposal 1: In TDD and FDD FR1 systems exploiting DL/UL channel reciprocity, the UE can signal to the BS the DL covariance matrix of noise and interference. The ways of transferring this information from the UEs to the BS need to be further studied and specified.
Proposal 2: Methods to overcome the deterioration of said reciprocity assumption need also to be studied.
Proposal 3: Possible enhancements of CSI to improve the UL and DL code book selection when channel reciprocity is poor can be investigated and studied.
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