[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: _Ref452454252]3GPP TSG-RAN WG4 Meeting #101-bis-e 	R4-2201922
Electronic Meeting, 17-25 Jan., 2022

Source:	Nokia, Nokia Shanghai Bell
Title:	On UE Demodulation and CSI requirements for feMIMO
Agenda item:	6.19.4
Document for:	Discussion

Introduction
[bookmark: _Hlk88742629]The NR_feMIMO Work Item description [1] defines the following objective for Performance part:
	· [bookmark: _Hlk47438345]Specify necessary UE performance requirements for the specified enhancements



The WI objectives includes the following features with a potential impact on UE demodulation and/or CSI reporting:
	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 will present Nokia’s point of view concerning the UE demod and CSI reporting performance requirement impact of the new “further enhanced type II port selection codebook” [4] (section 5.2.2.2.7), which is commonly abbreviated as feTypeIIPS, or typeII-PortSelection-r17, or Rel-17 type II port selection.


Further enhanced type II port selection codebook 
The feType II port selection codebook is designed for use with partial UL/DL reciprocity in FDD [1], where the BS forms beams on the CSI-RS signals based on measurements of the SRS signals transmitted by the UE. 
In summary, [4] (section 5.2.2.2.7) [5] [6] describe the feTypeIIPS CB as following the prior precoder structure (W=W1W2 WfH), but the complexity of calculating the frequency dimension (FD) part of Wf is now shared between the UE and BS (in Rel-16 the UE was calculating this part alone). 
Using partial UL/DL reciprocity, the BS can use SRS signals to derive angle and delay information of the channel. The angles can be used to calculate the spatial support of the precoding (i.e., the beam or spatial dimension/SD), which serves as the basis for spatial domain compression via liner combinations of these supports and port selection (i.e., W1). The delays can give the subband support information of a multipath channel (i.e., partial FD precoder) respectively; when compared to Rel-16 CBs, one can imagine the delay/FD related compression step being moved from the UE to the BS. 
UL/DL reciprocity calibration errors limit “how much” of the precoder calculation can be moved to the BS. The delay domain was selected as it is relatively robust wr.t. to calibration errors.
Since the FD compression has been carried out at the BS, the UE only needs to apply a single SVD for all layers (instead for each layer/N3 in Rel-16) for layer extraction. Additionally, the UE can apply the DFT-based subband compression on a layer-common basis (instead of layer-specific in Rel-16). All this results in a significant reduction of UEs side complexity, while the BS complexity increases heavily (e.g., per subband covariance matrix calculation).
This complexity reduction, however, requires a completely new implementation of the PMI calculation and selection routines in the UE.
For completeness’ sake, we want to mention here that W2 is finally taking care of the quantization of the combination coefficients. Furthermore, the above Rel-16 matrix structure can be vectorized, which makes the relationship to the Rel-17 formulations slightly more evident.
The Rel-17 feTypeIIPS codebook is (for the UE) a lower complexity version of Rel-16 eTypeIIPS style of codebooks, which can be equally well applied to both MU and SU MIMO scenarios.

We further note that the Rel-16 eTypeII port selection codebook, does not have requirements defined in RAN4, presumably since eTypeII PS is a very straightforward extension to eTypeII non-PS. However, rel-17 feTypeIIPS was very deliberately designed, with the above-mentioned advantages mind, and has no approximate analogue with demodulation requirements in place in RAN4.
The Rel-17 further enhanced type II port selection codebook is structurally, computationally, and implementation wise, very distinct from the Rel-16 PS codebook and requirements do not exist for any codebooks with comparable structure.

With this design, new performance requirements shall be considered using the UL/DL reciprocity mode of operation. The corresponding test procedure would follow steps such as the following:
1. Configure the UE to transmit SRS signals to the SS.
2. Measure the SRS signals at the SS.
3. The SS calculates beams to be used for CSI-RS transmission to the UE utilizing the reciprocal channel aspects taken from the SRS signal measurements.
TBD: A standardized explicit selection procedure might be required to allow TE implementation.
4. The SS transmits the beamformed CSI-RS signals to the UE.
5. The UE measures the CSI-RS signals and calculates the PMI utilizing the feType II port selection codebook and feeds back the CSI to the SS.
6. The SS transmits data to the UE based on the CSI fed back from the UE.
7. Performance is compared to random feType II port selection precoder choice.
TBD: It might be useful to compare to non-port selection feTypeII codebook selection, to highlight the need for new PS aware algorithms for PMI selection.
Implementing this procedure in a test would be quite complex. For example, a method for beam calculation at the BS/SS in step 3 would need to be determined. Since the goal of the test is to assure that the PMI determination at the UE is sufficiently accurate to provide gain, the focus should be on steps 4-6 of the above procedure.
Standardization of a test procedure for feType II PS performance requirements is a complex problem, in particular if the SS/BS algorithm for UL/DL reciprocity based beam selection is to be modelled. 

Utilizing only the procedure in steps 4-6, a key aspect to be determined is the method for forming the beams used for CSI-RS transmission. Several options can be considered, such as DFT beams or beams based on knowledge of the channel used in the test.
[bookmark: _Hlk92572896]Include feType II PS performance requirements utilizing CSI-RS transmission with a predetermined beam selection used in the transmission.


Another aspect of the performance requirements is whether the data transmission from the BS to the UE is an SU-MIMO or MU-MIMO transmission. This aspect was discussed during Rel-16 [2], where it was agreed that the eType II performance requirements would utilize SU-MIMO. Consideration of an MU-MIMO approach was deferred to the Rel-17 performance enhancement WI. 
In [3], we made several observations about the suitability of an MU-MIMO test for the eType II codebook. These observations are still valid for the feType II codebook and have been updated to apply to this case:
An important use case for the feType II PMI is to enhance MU-MIMO throughput by providing a much more accurate representation of the strongest channel eigenvectors than Type I single panel PMI. This allows the gNB to steer the beams of co-scheduled UEs in each other’s null space with less residual interference.
SU-MIMO throughput is less sensitive than MU-MIMO to PMI inaccuracies because MU-MIMO throughput is limited by interference between co-scheduled UEs. 
A DUT could in practice be able to report a feType II PMI that does not represent well the main eigenvectors of the channel and still pass an SU-MIMO test for feType II, because the throughput difference between Type I SP and feType II is not large enough for SU-MIMO transmission.

These observations indicate that it would be appropriate to yet again consider whether the performance requirements should utilize MU-MIMO or SU-MIMO data transmission.
RAN4 to evaluate both SU-MIMO and MU-MIMO options for the propagation environment and/or interference setting, when determining the Rel-17 feType II PS performance requirements.


Conclusion
In this contribution we have presented Nokia’s point of view concerning the CSI reporting performance requirement impact of the Rel-17 “further enhanced type II port selection codebook”, after giving some background on the new features and inner workings of this codebook. 
We have made the following observations and proposals:

1. The Rel-17 feTypeIIPS codebook is (for the UE) a lower complexity version of Rel-16 eTypeIIPS style of codebooks, which can be equally well applied to both MU and SU MIMO scenarios.
The Rel-17 further enhanced type II port selection codebook is structurally, computationally, and implementation wise, very distinct from the Rel-16 PS codebook and requirements do not exist for any codebooks with comparable structure.
Standardization of a test procedure for feType II PS performance requirements is a complex problem, in particular if the SS/BS algorithm for UL/DL reciprocity based beam selection is to be modelled. 
1. Include feType II PS performance requirements utilizing CSI-RS transmission with a predetermined beam selection used in the transmission.

An important use case for the feType II PMI is to enhance MU-MIMO throughput by providing a much more accurate representation of the strongest channel eigenvectors than Type I single panel PMI. This allows the gNB to steer the beams of co-scheduled UEs in each other’s null space with less residual interference.
SU-MIMO throughput is less sensitive than MU-MIMO to PMI inaccuracies because MU-MIMO throughput is limited by interference between co-scheduled UEs. 
A DUT could in practice be able to report a feType II PMI that does not represent well the main eigenvectors of the channel and still pass an SU-MIMO test for feType II, because the throughput difference between Type I SP and feType II is not large enough for SU-MIMO transmission.
RAN4 to evaluate both SU-MIMO and MU-MIMO options for the propagation environment and/or interference setting, when determining the Rel-17 feType II PS performance requirements.
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