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1. INTRODUCTION
Rel-17 WID on NR MIMO calls for some enhancements for Type II port selection codebook [1].  Per approved WID in RAN #86, the objectives of the enhancements are as follows,

	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





2. BACKGROUND 
The Type II port selection or the beam-formed CSI-RS feedback was introduced in Rel-15, which was further improved as part of the Type II CSI feedback enhancements in Rel-16. In port selection feedback, gNB may not send the CSI-RS over a wide beam; instead, the gNB transmits a couple of beamformed user-specific CSI-RSs in an approximated direction toward the UE. The direction may be estimated based on the DL/UL channel reciprocity and sounding reference signals (SRS), or based on a rough primary PMI feedback received from the UE. 

In port selection codebook, a UE only selects and feedbacks the best beam’s index. Therefore, the computational complexity at the UE is significantly reduced, as it does not need to perform a channel decomposition such as SVD. Also, since PMI and the spatial precoding selection is not reported, CSI feedback overhead is reduced. 

In port selection codebook, the precoding matrix for the beam direction toward UE is estimated at gNB, where the computation complexity is less of a concern than the UE side. Furthermore, a gNB has a much higher degree of freedom in selecting different antenna configurations and transmission beams. Therefore, through eigen beamforming, it has the capability to employ beamformers with significantly higher accuracy and granularity than Type II CSI feedback. Therefore, employing port selection feedback achieves an improved beamforming with less overhead, and also lower complexity at the UE.
 
3. ENHANCEMENT OF PORT SELECTION FEEDBACK 
3.1 [bookmark: _Hlk38869583]OVERHEAD REDUCTION

In Rel.15/16 Type II port selection, 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. Despite relying on DL/UL reciprocity to have angle and delay information, there is still a significant feedback overhead due to the CSI report which contains the Type II coefficients. It is still not clear what aspect of port selection codebook needs to be enhanced and whether it is needed. However, potential enhancements on the existing port selection codebook may be envisioned based on different aspects.

As mentioned earlier, the remaining CSI content required for operation of port selection codebook is still significant. It may be desired to reduce the overhead feedback by employing additional abstraction or compression of the payload while maintaining the same level of performance for most relevant cases. Also, it may be possible to reduce the overhead of the CSI feedback by extending the use of DL/UL reciprocity to other details of CSI such as subband information. 

Proposal 1: Study the need and evaluate required aspects of enhancement for Type II port selection.



3.2 FDD RECIPROCITY EVALUATION

The outcome of the work on enhancements for Type II port selection depends on accurate evaluation of the existing procedures assuming partial reciprocity in an FDD system. Therefore, it is important to have a correct understanding of the reciprocity channel models proposed for the evaluation.  

In this section, we share our evaluation results on partial reciprocity in an FDD system. For evaluation, we measure correlation matrix distance (CMD) between the actual and SRS-based estimated DL channels [2]. As for the reciprocity model, we assume the channel model described in TR 36.897 (Section 5.3). 

For the analysis, it is assumed that the uplink channel matrix, i.e. , is measured using SRSs every 10ms. Then, the estimated downlink channel matrix is assumed as . The channel covariance matrices are calculated for both the reference DL and the estimated DL,


The Correlation Matrix Distance (CMD) is used as the metric, which is defined as

A CMD close to zero indicates a high correlation between the two matrices, and it is an indication of accurate estimation. A CMD value approaching unity is an indication of negligible correlation and relevance. 

In the evaluations, we compared the impact of different periods of SRS transmission on the correlation metric. For the cases of 20 and 40 ms SRS transmission intervals, the skipped channel measurements are reproduced by interpolations and measured against the original DL channel.

The detailed simulation assumptions are provided in Table 1 in Appendix. In summary, the carrier frequency of 4GHz with a duplexing distance of 100MHz is assumed. The results are provided for dual-polarized 128, 32, and 16 antennas at the gNB and 2 antennas at the UEs. The evaluations include UMi and UMa channels, where 21 cells with 10 UEs per cell is assumed. 

	Figures 1-8 provide the cumulative distribution function (CDF) of the measured CMD between the estimated and actual DL channels. An overview of the evaluated scenarios is presented in Figure 1, where more detail is provided in the following figures.

Figure 1 provides the CDF of evaluated CMD metric for UMa 128×2, 32×2, 16×2 and UMi 32×2 and 16×2 scenarios. For this set of results. an SRS period of 10ms is considered. Comparing the CDF of scenarios with the same antenna configuration, it can be observed that UMa channel exhibits a stronger UL and DL correlation than UMi. For instance, in case of 32×2 configuration, for UMa with probability of 80%, the CMD value is below 0.45 while for the UMi case is below 0.55. It can also be observed that, in both cases, by increasing the dimension of the channel, a higher correlation distance (i.e. a lower correlation) between the UL and DL channels is resulted. This may be explained by the higher number of eigen directions in the system. It becomes more difficult to maintain a high correlation between the energy level spread over the eigen directions between the two channels. Based on results presented in Figure 1, the CDF results show that the 16×2 configuration demonstrates the strongest correlation for both UMi and UMa cases.

In Figures 2-4, and 5-6, the impact of SRS transmission period is evaluated for UMa and UMi deployment scenarios, respectively. The SRS periods of 10ms, 20ms, and 40ms are evaluated. As can be seen from the presented results, in both deployment scenarios, the CDF of correlation distance maintains a very similar spread and behavior. Even for the case with an SRS transmission interval of 40ms, the CDF is only slightly shifted to the right by a negligible amount. The observed low level of sensitivity to SRS transmission interval may be explained by noting that due to large duplexing distance of 100 MHz, the information collected from the statistical property of the channel in frequency domain is relatively elastic to time domain updates.

Observation 1: Increasing the dimension of antenna configuration results in a decrease in the correlation between the UL and DL channels.

Observation 2: Increasing the SRS transmission interval has a slight impact on the correlation between UL and DL channels.

Observation 3: UMa channels show stronger correlation between UL and DL channels than UMi channels with the same antenna configuration.
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[bookmark: _Ref46900287]Fig. 1 Comparison of CDF for evaluated scenarios
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[bookmark: _Ref46901008]Fig. 2 Comparison of SRS periodicity in UMa 128x2
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Fig. 3 Comparison of SRS periodicity in UMa 32x2
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Fig. 4 Comparison of SRS periodicity in UMa 16x2
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[bookmark: _Ref46902774]Fig. 5 Comparison of SRS periodicity in UMi 32x2
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Fig. 6 Comparison of SRS periodicity in UMi 16x2


4. CONCLUSIONS
This contribution discussed potential enhancements for port selection codebook. Based on the presented discussion, we make the following observations and proposals,

Observation 1: Increasing the dimension of antenna configuration results in a decrease in the correlation between the UL and DL channels.

Observation 2: Increasing the SRS transmission interval has a slight impact on the correlation between UL and DL channels.

Observation 3: UMa channels show stronger correlation between UL and DL channels than UMi channels with the same antenna configuration.

Proposal 1: Study the need and evaluate required aspects of enhancement for Type II port selection.
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6. APPENDIX
Table 1. Simulation assumptions
	Parameter
	Value

	Duplex, Waveform 
	FDD, OFDM 

	Multiple access 
	OFDMA 

	Scenario
	Dense Urban Micro and Macro 

	Frequency Range
	FR1, 4GHz

	UL carrier frequency
	DL carrier - duplexing distance of 100 MHz

	Duplexing gap
	100MHz

	Inter-BS distance
	200m 

	Channel model
	According to the TR 38.802 Table A.2.1-1 with reciprocity model of Section 5.3, TR 36.897

	Antenna setup and port layouts at gNB
	(M, N, P, Mg, Ng):
· 128 ports: (8,8,2,1,1)), (dH,dV) = (0.5, 0.8)λ
· 32 ports: (8,2,2,1,1), (dH,dV) = (0.5, 0.8)λ 
· 16 ports: (8,1,2,1,1), (dH,dV) = (0.5, 0.8)λ

	Antenna setup and port layouts at UE
	(M, N, P, Mg, Ng):
2RX: (1,1,2,1,1), (dH,dV) = (0.5, 0.5)λ for rank = 1


	BS Tx power 
	41 dBm

	BS antenna height 
	25m 

	UE antenna height & gain
	Follow TR36.873 

	UE receiver noise figure
	9dB

	BS receiver noise figure
	5dB

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	15kHz 

	Number of RBs
	50 for 15 kHz SCS

	Simulation bandwidth 
	10 MHz for 15kHz SCS

	Frame structure 
	Slot Format 0 (all downlink) for all slots

	CSI feedback 
	CSI feedback periodicity:  10ms

	SRS feedback 
	SRS feedback periodicity:  10, 20, and 40ms

	Feedback assumption
	Realistic

	DL Channel estimation
	Realistic

	UL Channel estimation
	Realistic
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