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[bookmark: _Ref32248407]Introduction
In 3GPP TSG RAN Meeting #86, Type II port selection codebook enhancement by utilizing DL/UL reciprocity of angle and delay is one objective of further enhancement on NR MIMO in Rel-17 [1], which is shown as following.
4. 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
This contribution provides complementary information for the FDD CSI enhancements contribution in Section 8.1.4 [1], which includes more field measurement results and the channel modelling discussion.
Field measurements of FDD channel
During previous RAN1 releases, angular reciprocity can be normally assumed for FDD and has been utilized so that we focus on the verification of delay reciprocity in this section. In order to further verify FDD UL and DL channel multipath delays' reciprocity properties, channel measurements for some typical scenarios were conducted, such as UMA, Indoor, etc. Although channel measurement samples shown in figures are selected, all samples/snapshots from field measurements have been investigated and show similar consistency of power delay profiles.
The power delay profile (PDP) are shown in following figures. The x-axis and y-axis are absolute delay and normalized power (which is normalized by the PDP’s total power), respectively. Each PDP in a figure is an averaged PDP for all transceiver pairs from single measurement sample in order to mitigate the leakage interference among multipath.
Figures 1 to 3 have shown measurement results for Campus scenarios in which transmitter is on the roof of building nearly 20 meters high, and receiver is located on a 1.5-meter-high trolley. Some trees and vegetation, as well as pedestrians, are located between the transmitter and receiver. The duplex interval between uplink and downlink in Figure 1 and Figure 2 is 100MHz, and the duplex interval is 190MHz in Figure 3. Due to the relatively simple environment, only one dominant path component is observed in the LOS scenarios, and even in the NLOS scenarios where multiple components exist, the PDP decays rapidly. 
Figure 4 shows the measurement results for UMA scenario in which the measurement campaign was conducted in CBD. The transmitter height is 30 meters, and the receiver surrounded by buildings is about 1.5 meters high..  Because the receiver is located in the middle of buildings of similar height, there is an obvious emission path in the NLOS scenario, so two strong paths that are close to each other with almost the same energy can be observed in PDP.
Figure 5 shows the UL and DL’s PDPs in a car factory in which the heights of transmitter and receiver are nearly 4.1 meters and 1.5 meters respectively, and several workers move around. It can be seen that the shape of PDP in factory is not similar to the previous cases, and it is not dominated by one strong path with an exponentially decaying PDP. This is because that there are many reflections and diffractions caused by metal surface in the factory. 
[image: ] [image: ]
 Figure 1. FDD Field Measurement for PDPs in Campus Scenario 1 (LOS case and NLOS case are left and right sub figure, respectively, duplex interval is 100MHz)
 [image: ][image: ]
Figure 2. FDD Field Measurement for PDPs in Campus Scenario 2 (LOS case and NLOS case are left and right sub figure, respectively, duplex interval is 100MHz)
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Figure 3. FDD Field Measurement for PDPs in Campus Scenario 2 (LOS case and NLOS case are left and right sub figure, respectively, duplex interval is 190MHz)
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Figure 4. FDD Field Measurement for PDPs in UMA Scenario (LOS case and NLOS case are left and right sub figure, respectively, duplex interval is 100MHz) 
[image: ][image: ]
Figure 5. FDD Field Measurement for in Factory Scenario (LOS case and NLOS case are left and right sub figure, respectively, duplex interval is 100MHz)

It can be seen that the dominant path’s delay for DL and UL PDP is equivalent in these scenarios. From the analysis and validation by measurement data, we have the following observation.
Observation 1: FDD field measurements in various environments have suggested consistent DL and UL channel reciprocity in delay.
Further, we observe the trend of angular delay over time. The measurement data is collected in the same scenario described in Figure 4 with the difference that receiver is moving at a speed of about 3km/h. The following three-dimensional diagram in Figure 6 shows the variation of PDP and angular power spectrum (APS) within 600 ms. And the corresponding two-dimensional graph of the top view is shown in Figure 7. From these figures, it can be seen that the dominant path’s delay and angle for DL and UL nearly does not change with time.  So we have the following observation.
Observation 2: Both angular/delay power spectrums can be roughly unchanged or changed slowly over time with hundreds milliseconds, when the mobility is low.
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Figure 6. PDP and APS vary with time in UMA Scenario (duplex interval is 100MHz)

[image: ] [image: ]
 [image: ] [image: ]
Figure 7. PDP and APS vary with time in UMA Scenario (duplex interval is 100MHz)
TR 38.901 of FDD channel modelling for partial reciprocity
According to the email offline discussion conclusion, the following two options of reciprocity model for FDD based on the channel generation mechanism described in Section 7.5 of TR 38.901 [2] can be used as the starting points to discuss the channel modelling methodology for FDD channel reciprocity.
· Opt. 1: The reciprocity model of DL/UL channel is based on Section 5.3 of TR 36.897 [3]
· Opt. 2: The reciprocity model of DL/UL channel is based on Section 7.6.5 of TR 38.901 with different DL/UL frequency. 
· Note that further modifications/clarifications based on Option 1 or 2 to generate UL channel are not excluded. 
It is worth mentioning that both Opt.1 and Opt.2 consider that the cluster delays and angles of DL and UL channels is reciprocal. 
As described in [1], Opt.1 was designed and agreed specifically for FDD reciprocity in LTE and can be relatively easy to be adopt on top of TR 38.901 to mitigate changes of SLS, so as to evaluation assumptions. And Opt.2 may be designed for carrier aggregation with frequency duplexing distance between two CCs larger than a FDD band. It is not suitable for FDD reciprocity evaluation because of its inconsistent description of the cluster angles when per-cluster shadowing n are independently generated for the frequency bands. Therefore, Opt.1 based on Section 5.3 of TR 36.897 is the most complete channel model at present and preferred for evaluating and comparing CSI enhancements in Rel-17.
In addition, following the channel generation steps shown in Section 7.5 of TR 38.901, in the NLOS condition, the channel coefficient for the -th cluster of receive antenna element u and transmit antenna element s is given as (1), which refers to (7.5-22) in TR 38.901.
[image: ]  (1)
Furthermore, (1) can be expressed equivalently as (2), where  and  are the equivalent power and phase of the -th cluster respectively after the superposition of M rays.
           (2)
Based on the reciprocity model of Opt.1, the cluster power, the cluster angle ///  and the XPR in (1) are reciprocity for FDD DL and UL channels.  And the random phases /  / / in the polarization matrix are independently generated for DL and UL channels, which results in the equivalent phase and  of the -th cluster after superposition of M rays are not reciprocal for FDD DL and UL channels. Similarly, the equivalent power  and  of the -th cluster of DL and UL channels are inconsistent after superposition of M rays. 
As defined in TR38.901, there are a total of N clusters under the assigned propagation condition. And after N clusters are superposed, the equivalent phase and power of the DL and UL channels are not reciprocal, which makes the delay with weak power of DL and UL channels may not be aligned after multipath superposition.
Figure 8 shows the PDPs of DL and UL channels in 3GPP channel model based on Opt.1. It can be seen from the PDPs after multipath superposition of DL and UL channels that dominant delay is equivalent, while the corresponding power of DL and UL channels is inconsistent. In addition, in 3GPP channel model, the delay with weak power of DL and UL channels after multipath superposition may be misaligned, which is shown in Figure 8. On the whole, it is corresponding to the field measurement results described above. 
 [image: ]
Figure 8. UL & DL PDPs based on 3GPP 3D Channel Model (Section 5.3 of TR 36.897)
Observation 3: Based on Opt.1, i.e. Section 5.3 of TR 36.897, and due to the nonreciprocal random phase generation, the dominant delays of DL and UL PDP can be aligned fully but with a certain misalignment for weaker paths after multipath superposition. Such observations based on Opt. 1 are aligned with field measurement results.
Conclusion
This contribution provides more information on CSI enhancement based on angle and delay reciprocity. In summary, the following observations are made.
Observation 1: FDD field measurements in various environments have suggested consistent DL and UL channel reciprocity in delay.
Observation 2: Both angular/delay power spectrums can be roughly unchanged or changed slowly over time with hundreds milliseconds, when the mobility is low.
Observation 3: Based on Opt.1, i.e. Section 5.3 of TR 36.897, and due to the nonreciprocal random phase generation, the dominant delays of DL and UL PDP can be aligned fully but with a certain misalignment for weaker paths after multipath superposition. Such observations based on Opt. 1 are aligned with field measurement results.
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