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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.
Item 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
In this contribution, we provide field measurements for FDD CSI enhancements using angle and delay reciprocity, including field trial setup, measurement results and some high level performance analysis. 
[bookmark: _Ref129681832]Field Measurements for FDD CSI Enhancements
In this section, we will discuss about field measurements for FDD CSI enhancements exploiting angle and delay reciprocity. The measurement setup is elaborated in section 2.1, including field measurement scenario, antenna configurations of gNB and UE, UE distribution and so on. In section 2.2, the measurement results are provided and analyzed to verify feasibility and performance of FDD CSI enhancements. 
Measurement setup
In order to verify the performance of FDD CSI enhancements based on angle and delay reciprocity in real word system, a field test was conducted in one campus in Shanghai, China. 
The measurements were performed at band n1 with a bandwidth of 5MHz and duplex interval of 190MHz. The bird’s-eye view of the measurement scenario is given in Figure 1. The serving cell is on the roof of building nearly 25 meters high whilst four interfering cells are activated. Other detailed parameters can be found in Table 1. 
The street view from the gNB is shown in Figure 2a. It can be found that abundant trees and vegetation, as well as cars, are well spread within the scenario. The testing UE is located on a 1-meter-high trolley and the location of each UE comes from 18 testing locations about 250~350 meters away from the serving cell as shown in Figure 1. Most testing UE locations are in NLOS state, for example some UEs are behind trees and other UEs are blocked by buildings as shown in Figure 2b. The serving cell is equipped with a 32 TRX UPA and UEs are 1T2R with omnidirectional antennas. 
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Figure 1. The Bird’s eye view of Testing Measurement Environment 
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             (a) Street view from gNB boresight                            (b) Street view from UE boresight                                          
Figure 2. The measurement environment (right two subfigures, left UE is behind the building, right UE is behind some trees).
Table 1. Configurations of the field measurement
	Parameter
	Value

	Frequency band
	Band n1

	Duplex interval between UL and DL
	190 MHz

	Band width
	5 MHz

	Distance between UEs and gNB
	About 250~350m

	gNB antennas
	32 TRX, H8V8X2, 1 RF chain drive 4 vertical antennas 

	UE antennas
	1T2R, omnidirectional antennas

	UE height
	about 1m

	Traffic model
	Full buffer

	gNB transmit power
	47 dBm

	UE transmit power
	23 dBm



Measurement Results and Performance Analysis
The cell throughput using R15 Type II PS codebook and R17 Type II PS codebook based on FDD partial reciprocity in [2] are measured in field. Multiple tests are performed in the field with 8 UEs from candidate locations (shown in Figure 1) per test. The gNB performs multiuser scheduling due to full buffer traffic. All UEs are fixed with rank 1 transmission. In general, users whose correlations are less than a certain threshold can be scheduled together to ensure that the multiuser interference is as small as possible. Both codebooks have been tested with the same scheduler algorithm. 
The procedure of R17 Type II PS codebook based on FDD partial reciprocity can be summarized as following [2]. In summary, the gNB firstly obtain the 2nd order statistics based on UL SRS transmission which determines preferred CSI-RS eigen beamforming bases and applies them to CSI-RS ports/resources. Then the UE will calculate and feedback the combination coefficients corresponding to UE-specific beamformed CSI-RS. Finally, the precoder for PDSCH can be reconstructed at gNB by combining CSI-RS beamforming bases (preferred by the gNB) and combination coefficients (fed back by the UE). 
The procedure of R15 Type II PS only utilizes the angle reciprocity and UEs feedback the best PMI of each subband independently by subband reporting. R15 Type II PS  also use eigen-vectors based on the 2nd order statistics of UL to beamform CSI-RS ports/resources UE specifically.  
The measurement results are listed in Table 2. It can be found that cell throughput of R15 Type II PS and R17 Type II PS is 43.75 Mbps and 53.21 Mbps respectively. R17 PS codebook gives rise to about 20% performance gain compared to R15 PS codebook. The observed gain is consistent with increased number of paired layers and the scheduled MCS, e.g. roughly equal to the ratio of the number of pairing layers multiplied by the MCS in R17 over the number of pairing layers multiplied by the MCS in R15, i.e. (14.95*7.3)/(15.3*5.8)=23%. The gain mainly comes from Rel-17 PS codebook enhancement, by taking advantage of non-DFT-based channel decomposition/precoding at frequency domain. With more reported coefficients and finer granularity of PMI, etc, Rel-17 codebook enhancement could provide more accurate PMI quantization. 
Table 2. Field Measurement Results
	
	R15 Type II (PS)
	R17 Enhanced PS Codebook 

	Cell throughput
	43.75 Mbps
	53.21 Mbps

	Gain
	1
	1.20

	PDSCH MCS
	15.3
	14.95

	Number of Pairing layers
	5.8
	7.3



[bookmark: OLE_LINK8]Observation: For MU-MIMO with fixed rank 1, Rel-17 port selection codebook can provide a significant performance gain over Rel-15 port selection codebook, with about 20% cell average throughput gain in testing environments from the field.
Conclusions
This contribution provides our measurement results of Rel-17 port selection codebook based on angle and delay reciprocity. In summary, the following observations are made. 
Observation: For MU-MIMO with fixed rank 1, Rel-17 port selection codebook can provide a significant performance gain over Rel-15 port selection codebook, with about 20% cell average throughput gain in testing environments from the field.
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