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1	Introduction
The WID [1] objective 4 states a task for evaluating (and, if needed, specifying) enhancements of NR CSI in two parts:
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

[bookmark: _Ref178064866]2	CSI for FR1 FDD reciprocity
2.1	CSI-RS precoding based on angle and delay reciprocity
In FDD, full reciprocity does not hold in UL and DL channels since different carrier frequencies are used. However, some large-scale fading channel parameters, such as angle and delay to clusters, can still be reciprocal as the physical propagation environment does not change rapidly. Figure 1 compares the angle/delay power spectrum of an UL channel and the corresponding DL channel, which are drawn according to the agreed channel model Alt 1 at 2 GHz with 200 MHz duplex distance. It is observed that the power spectrum in UL and DL are quite similar. Dominant clusters seen in the UL also appears in similar angle and delay in the DL. However, there is still some differences, highlighted by the squares with red colour, which are caused by independent small-scale fading realizations. 
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Figure 1 Comparison of angle/delay power spectrum in UL and DL

In light of the above, delay reciprocity can be utilized in addition to angle reciprocity in CSI-RS precoding, in order to reduce the frequency selectivity of precoded channel seen at the UE side. To be more specific, each CSI-RS port can be precoded using a pair of spatial domain (SD) basis and frequency domain (FD) basis, where the SD basis is used to beamform towards a selected cluster while the FD basis pre-compensates the delay to that cluster. Figure 2 illustrates an example where two CSI-RS ports are precoded. After delay pre-compensation, the dominant taps in the two clusters are aligned to the first tap. Then, UE can compress the FD channel with fewer FD bases. 
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Figure 2 Illustration of applying spatial domain precoding with delay pre-compensation to a channel.

[bookmark: _Toc54393843]Delay reciprocity can be utilized in addition to angle reciprocity in CSI-RS precoding, in order to reduce the frequency selectivity of precoded channel seen at the UE side.

2.2	CSI acquisition procedure for FDD reciprocity 
2.2.1	CSI-RS precoding at gNB
Based on UL channel estimate, a pair of SD basis  and FD basis  are jointly selected to precode CSI-RS port , for , where  is the number of CSI-RS ports, while  and  are the number of Tx ports and the number of resource blocks (RBs), respectively. The precoder for CSI-RS port , denoted by , is given by . Selection of SD and FD basis is up to gNB implementation. In our study, we jointly select DFT-based SD-FD basis pairs for beamforming towards dominant clusters seen in the UL channel. 
2.2.2	UE measurement and reporting
UE measures the DL channel based on the configured CSI-RS ports. First, since delay has been pre-compensated in the precoded channel which reduces frequency selectivity, a FD compression can be performed by the UE by equalizing the estimated DL channel over frequency. Due to delay pre-compensation, it is expected that most of the channel information from different ports will be captured in the same tap. In this case, a single DC DFT component can be used for averaging the channel over subbands. In a more general case where multiple dominant taps are observed,  DFT components can be used to equalize the channel over subbands. Denote the FD compression matrix as  and the estimated DL channel as , …, where  for  and  is the number of subbands, the FD compressed channel can be written as ,for . After channel compression, UE performs SVD on  to obtain the coefficient matrix  for layer . Then, UE selects  ports based on  and feeds back to the gNB. Finally, gNB computes the PDSCH precoder based on the selected SD-FD pairs and the corresponding coefficient matrix and compression matrix. 

2.3	Preliminary evaluation results
Based on the procedure described in Section 2.2, simulations have been conducted based on the agreed EVM assumptions in [2], see also Appendix. For comparison, both R16 regular and port-selection eType II with paramCombination-r16 #1-6 are simulated. R16 PS eType II with paramCombination-r16 #1 is used as benchmark. For all cases, R = 1 is used. The SD and FD bases are constructed from DFT vectors with 4 times oversampling in the SD basis and no oversampling in the FD basis. In the simulations, a 32-port antenna was used at the gNB and 2 antennas were used at the UE. The results are shown for MU-MIMO with rank-1 per UE at a traffic load corresponding to 70% resource utilization for the benchmark case. The parameter setup for R17 uses the same  values as configured in paramCombination-r16 #5, while the number of FD basis vectors varies from 1 to 5. 


	Scheme
	R
	PMI subband size (PRB)
	Parameter comb

	R16 regular
	1
	4
	paramCombination-r16 #1-6

	R16 PS
	1
	4
	paramCombination-r16 #1-6

	R17 PS
	1
	4
	paramCombination-r16 #5, but with 5


Table 1 Simulation cases

2.3.1	20MHz, 8 CSI-RS ports, no impairments
First, an ideal case without impairments is simulated, the results are shown in Figure 3. The transmission rank is limited to rank 1. For the R17 PS case, increasing the number of FD basis can improve the performance, especially when the number of FD basis increased from 1 to 2. Comparing to the R16 PS baseline, it can be seen that R17 PS provides roughly 4-7% gain in mean UPT for a given overhead. However, it is noted that overall both R16 and R17 PS are inferior to R16 regular eType II in the performance-overhead metric.  
[image: ]
Figure 3 Mean UPT vs UL overhead, no impairments
2.3.2	20MHz, 8 CSI-RS ports, with impairments
Performance of the proposed schemes are also evaluated in Figure 4 by including the impairments agreed in the EVM assumption [2]. The relative performance loss due to channel estimation error, calibration error etc. does not seem to have a significant impact. For example, for a given overhead, the UPT different between the ideal case and the impaired case is about 2%. This is not surprising as DFT-based precoding is relatively robust against the type of impairments included in this study. Comparing R17 PS to the R16 PS baseline, there is still maximally around 5% gain in UPT for the same overhead in low overhead regime. Similarly, both R16 and R17 PS are worse than R16 regular eType II, and the performance gap is increased comparing to that in the ideal case. This is due to that the R16 regular eType II is not affected by SRS impairment and calibration error.
[image: ]
Figure 4 Mean UPT vs UL overhead, with impairments
2.3.3	20MHz, 16 CSI-RS ports, with impairments
A case with 16 CSI-RS ports is also simulated, as seen in Figure 5. In general, both R16 and R17 PS are improved by increasing the number of CSI-RS ports, as compared to the case with 8 CSI-RS ports in Figure 4. Note however that PAPR is not taken into account herein, which in practice is an issue for beamformed CSI-RS, as all ports have to pass all power amplifiers. The few percent gain we see here by increasing the number of CSI-RS ports may vanish if power back-off is applied.

[image: ]
Figure 5 Mean UPT vs UL overhead, 16 CSI-RS ports, with impairments






[bookmark: _Toc54393844]R17 PS achieves slightly higher mean UPT than R16 PS given the same overhead, but both R17 and R16 PS are generally worse than R16 eType II for the performance-overhead metric. 
[bookmark: _Toc54393845]Increasing the number of CSI-RS ports can improve the UPT, however, if PAPR is takin into account, the additional gain may vanish. 

[bookmark: _Toc54393996]Only marginal gain is seen with R17 PS over R16 PS based on current results, further study is needed to justify the enhancement. 


3	CSI for DL multi-TRP and/or multi-panel transmission
The following agreement was made in RAN1#102-e:
Agreement
[bookmark: _Hlk54389323]For CSI enhancement for multi-TRP, study following aspects taking into account trade-off among UE complexity, performance and reporting/RS overhead
· Category 1 - For a reporting setting CSI-ReportConfig, more than one CSI-RS port groups in a resource or resources or resource sets are associated to different TRPs/TCI states,  
· the UE will determine CSI reporting quantities based on pre-defined/indicated/configured/UE-selected  channel and interference hypotheses across TRPs /TCI states
· and then report one or more CSIs within a single CSI report.   
· Category 2 – Within an implicit/explicit set of reporting settings CSI-ReportConfigs, which are associated to different TRPs/TCI states,  
· the UE will determine CSI reporting quantities based on pre-defined/indicated/configured/ UE-selected  channel and interference hypotheses 
· and then report multiple CSIs with multiple CSI reports (including one or more CSIs per report or selected CSI with single CSI report)
· Other enhancement are not excluded, e.g.  CQI enhancements for multi-TRP transmission including CQI format, CQI reporting mechanism
Note that companies are encouraged to clarify applicable transmission schemes/scenarios and strive to unify Rel-17 MTRP CSI framework enhancements

Firstly, regarding the two categories, we prefer category 1 as it is simpler when compared to category 2.

[bookmark: _Toc54393997]For CSI enhancement for multi-TRP, support category 1.
With regards to associating channel measurement resources to TRPs, there are three options discussed in the above agreement.  The option with associating one port group within a CSI-RS resource to one TRP will involve further specification impact as this option would require two TCI states to be configured to a single NZP CSI-RS resource.  Hence, we propose to downselect one of the remaining two options for associating channel measurement resources to TRPs.

[bookmark: _Toc54393998]For associating channel measurement resources to TRPs/TCI states, downselect among one of the two alternatives:
[bookmark: _Toc54393999]Alt 1.  different NZP CSI-RS resources are associated with different TRPs
[bookmark: _Toc54394000]Alt 2.  different NZP CSI-RS resource sets are associated with different TRPs

With regards to how many CSIs to include in a single CSI report, we think including multiple CSIs may provide the scheduler with some additional flexibility as both single-TRP CSI as well as multi-TRP CSI can be included as part of the same report.  When the UE reports both single-TRP CSI and multi-TRP CSI, the scheduler can decide which CSI to use for scheduling depending on factors such as the traffic load at the involved TRPs.  Hence, we make the following proposal:

[bookmark: _Toc54394001]In NR Rel-17, support the possibility to report multiple CSIs in a single CSI report where the multiple CSIs may include single-TRP CSI as well as multi-TRP CSI.

In NR Rel-16, there is no CSI reporting scheme optimized for the multi-TRP transmission schemes for improved reliability. For example, a single PDCCH can schedule two PDSCHs from two TRPs using same or different redundancy version,. However, there is no CSI reporting scheme where the CSI reflects this fact. The best gNB can do is to configure UE with two CSI report configurations with different TCI states associated with the two TRPs.  The gNB will then receive two CSIs each indicating a three-tuple (RI, PMI, CQI) and from those CSIs deduce a single rank, two pre-coders and a single MCS to be used for the PDSCH repetitions. This is by no means straight forward and the deduced CSI can be inaccurate.  Thus, it is desirable to let the UE to report a CSI by taking the multi-TRP URLLC schemes (e.g., FDMSchemeA, FDMSchemeB, TDMSchemeA) being used for transmission into account.   Hence, we propose to unify the Rel-17 MTRP CSI framework enhancements to consider both NC-JT and multi-TRP URLLC schemes.

[bookmark: _Toc47621446][bookmark: _Toc47621523][bookmark: _Toc47621562][bookmark: _Toc54394002]In NR Rel-17, unify the Rel-17 MTRP CSI framework enhancements to consider MTRP CSI for both NC-JT and multi-TRP URLLC schemes.

Conclusion
Based on the discussion in the previous sections, we make the following observations and proposals:

Observation 1	Delay reciprocity can be utilized in addition to angle reciprocity in CSI-RS precoding, in order to reduce the frequency selectivity of precoded channel seen at the UE side.
Observation 2	R17 PS achieves slightly higher mean UPT than R16 PS given the same overhead, but both R17 and R16 PS are generally worse than R16 eType II for the performance-overhead metric.
Observation 3	Increasing the number of CSI-RS ports can improve the UPT, however, if PAPR is takin into account, the additional gain may vanish.

Proposal 1	Only marginal gain is seen with R17 PS over R16 PS based on current results, further study is needed to justify the enhancement.
Proposal 2	For CSI enhancement for multi-TRP, support category 1.
Proposal 3	For associating channel measurement resources to TRPs/TCI states, downselect among one of the two alternatives:
Alt 1.  different NZP CSI-RS resources are associated with different TRPs
Alt 2.  different NZP CSI-RS resource sets are associated with different TRPs
Proposal 4	In NR Rel-17, support the possibility to report multiple CSIs in a single CSI report where the multiple CSIs may include single-TRP CSI as well as multi-TRP CSI.
Proposal 5	In NR Rel-17, unify the Rel-17 MTRP CSI framework enhancements to consider MTRP CSI for both NC-JT and multi-TRP URLLC schemes.
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[bookmark: _Ref54359130]Appendix. Simulation assumptions.
	Parameter
	Value

	Duplex, Waveform 
	FDD, OFDM 

	Multiple access 
	OFDMA 

	Scenario
	Dense urban macro 

	Frequency Range
	2 GHz with duplexing gap of 200 MHz between DL and UL

	Inter-BS distance
	200 m 

	Channel model
	Based on TR 38.901 with the reciprocity model of DL/UL channel in Section 5.3 of TR 36.897 

	Antenna setup and port layouts at gNB
	32 ports: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ 
100 deg subarray downtilt (zenith angle)

	Antenna setup and port layouts at UE
	2RX: (1,1,2,1,1,1,1)


	BS Tx power 
	44 dBm

	BS antenna height 
	25 m 

	UE antenna height & gain
	According to TR36.873 

	UE receiver noise figure
	9 dB

	Modulation 
	Up to 256QAM 

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	15kHz 

	Simulation bandwidth 
	20 MHz 

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

	MIMO scheme
	MU-MIMO with rank one per UE 

	CSI feedback 
	CSI feedback periodicity:  5 ms 
Scheduling delay: 4 ms

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	Traffic load (Resource utilization)
	70% 

	UE distribution
	80% indoor (3km/h), 20% outdoor (30km/h) 

	UE receiver
	MMSE-IRC 

	Baseline for performance evaluation
	Rel-16 PS eTypeII 

	SRS modeling for UL channel estimation
	SRS periodicity = 5 ms
SRS error modelling according to Table A.1-2 in TR 36.897 with 
Δ = 9 dB

	FDD DL/UL calibration error model at gNB
	[image: ]
· [image: ][image: ] is the spatial UL channel at gNB side with calibration error
· [image: ][image: ] is the ideal spatial UL channel without calibration error
· E represents the mismatch of transmission and reception circuits of gNB
· ai is the amplitude error 
· i is the phase error
· N is the number of antennas at gNB side 
With amplitude error (expressed in decibel of [image: ][image: ]) and phase error are normal distribution with 0.7dB and 5 degrees standard deviation, respectively. Both amplitude/phase errors are assumed to be constant during a simulation drop and constant across whole simulation bandwidth 
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8 CSI-RS ports, rank 1, with impairments
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