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Introduction
CSI measurement and reporting enhancements on MTRP and FR1 FDD with partial channel reciprocity were approved to be evaluated and, if needed, specified as part of the MIMO enhancements WID in RAN#86[1]. The objectives for CSI measurement and reporting for MTRP and/or multi-panel transmission and for Type II port selection codebook 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




In this contribution, we discuss the two parts of Item 4, respectively.
CSI Enhancement for Type II Port Selection Codebook
Discussions on evaluation assumption
For Type II port selection codebook enhancement, evaluation methodology (EVM) for system level simulation (SLS) has been discussed over offline email and initial conclusions were given as shown in Table 1. 
Table 1: SLS Evaluation assumption for Type II port selection codebook enhancement
	Parameter
	Value

	Duplex, Waveform 
	FDD (TDD is not precluded), OFDM 

	Multiple access 
	OFDMA 

	Scenario
	Dense Urban (Macro only) is a baseline. 
Other scenarios (e.g. UMi@4GHz 2GHz, Urban Macro) are not precluded.

	Frequency Range
	FR1 only, 2GHz with duplexing gap of 200MHz between DL and UL, optional for 4GHz

	Inter-BS distance
	200m 

	Channel model
	Considering following two options of reciprocity model for FDD as a starting point, further discussing and finalizing remaining details of channel modelling methodology for FDD channel reciprocity in RAN1 102e
· Opt. 1: The reciprocity model of DL/UL channel is based on Section 5.3 of TR 36.897
· 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. 

	Antenna setup and port layouts at gNB
	Companies need to report which option(s) are used between
· 32 ports: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ 
· 16 ports: (8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ
Other configurations are not precluded.

	Antenna setup and port layouts at UE
	4RX: (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for rank > 2
2RX: (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ for (rank 1,2) 
Other configuration is not precluded.

	BS Tx power 
	41 dBm for 10MHz, 44dBm for 20MHz, 47dBm for 40MHz

	BS antenna height 
	25m 

	UE antenna height & gain
	Follow TR36.873 

	UE receiver noise figure
	9dB

	Modulation 
	Up to 256QAM 

	Coding on PDSCH 
	LDPC
Max code-block size=8448bit 

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	15kHz 

	Simulation bandwidth 
	20 MHz for 15kHz as a baseline (optional for 10 MHz with 15KHz), and configurations which emulate larger BW, e.g., same sub-band size as 40/100 MHz with 30kHz, may be optionally considered

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

	MIMO scheme
	For low RU, SU-MIMO with rank adaptation are assumed 
For medium/high RU, SU/MU-MIMO with rank adaptation is assumed 

	MIMO layers
	For all evaluation, companies to provide the assumption on the maximum MU layers (e.g. 8 or 12)

	CSI feedback 
	Feedback assumption at least for baseline scheme
· CSI feedback periodicity (full CSI feedback) :  5 ms, 
· Scheduling delay (from CSI feedback to time to apply in scheduling) :  4 ms

	Overhead 
	Companies shall provide the downlink overhead assumption

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes
Other FTP model is not precluded.

	Traffic load (Resource utilization)
	· 70% for SU/MU-MIMO with rank adaptation
· 20% for SU-MIMO with rank adaptation
Companies are encouraged to report the MU-MIMO utilization.

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

	UE receiver
	MMSE-IRC as the baseline receiver

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	Evaluation Metric
	Throughput and CSI feedback overhead as baseline metrics. 
Additional metrics, e.g., ratio between throughput and CSI feedback overhead, can be used.
Maximum overhead (payload size for CSI feedback)for each rank at one feedback instance is the baseline metric for CSI feedback overhead, and companies can provide other metrics.

	Baseline for performance evaluation
	Rel-16 PS eTypeII Codebook is the baseline for performance and overhead evaluation. (Type I Codebook can be considered at least for performance evaluation)
· Note that it is encouraged to disclose further details of beamforming mechanism/ordering over CSI-RS ports/resources.

	SRS modeling for UL channel estimation
	SRS periodicity with 5ms/10ms
SRS error modeling in Table A.1-2 in 36.897. 
· Companies shall report SRS configuration details if different from that table.
· Further discussing and finalizing remaining details of SRS configurations and Δ (Delta) in RAN1 102e

	FDD DL/UL calibration error model at gNB
	Further discussing FDD DL/UL calibration error model, e.g. R1-144943, and finalizing associated details in RAN1 102e if need.



For this initial conclusion, most evaluation assumptions are stable except those in red color. In the following, our views on these controversial issues are presented. 
The reciprocity model of DL/UL channel
The two options of the reciprocity model are given as follows.
· Opt. 1: The reciprocity model of DL/UL channel is based on Section 5.3 of TR 36.897.
· 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. 
The differences between Opt.1 and Opt.2 in generating DL/UL channel are summarized below.
· Cluster powers
· For Opt.1, relative powers of the clusters are frequency independent.
· For Opt.2, cluster powers may be frequency dependent.
· Soft LOS
· For Opt.1, soft LOS state is frequency independent.
· For Opt.2, soft LOS state is frequency dependent due to frequency dependent function, i.e., ，s the wavelength of the carrier.
· Delay spread and angular spreads
· For Opt.1, delay spread and angular spreads are frequency independent.
· For Opt.2, delay spread and angular spreads are frequency dependent.
Soft LOS, delay spread and angular spread at different carrier frequencies according to Opt.2 are calculated and summarized in Table 2. We could see that the soft LOS states, delay spread and angular spread are quite close between DL and UL carriers. There would not be much difference between the two options in evaluating enhanced Type II codebook. In order to ensure that the cluster delays and angles are frequency-independent generated, additional procedures and computations are involved. The alternative method in subsection 7.6.5.1 in TR 38.901 is one example to obtain similar delay and angle for different carrier frequencies. Opt.1 is simpler and has been used to evaluate channel reciprocity in FDD in previous releases. Therefore, Opt.1 is preferred.
Table 2: The difference of soft LOS, delay spread and angle spread for different carrier frequency.
	
	2130MHz 
	2330MHz 

	Soft LOS states: 
	0.99948
	0.99950

	Delay Spread (UMA) : -6.28 - 0.204 log10(fc)
	-8.183
	-8.1909

	Angular Spread (UMA) :1.5 - 0.1144 log10(fc)
	0.4328
	0.4284



Observason-1: For the considered configuration, i.e., 2GHz with duplexing gap of 200MHz, soft LOS states, delay spread and angular spread are almost same at different DL and UL carrier frequency.
Proposal-1: The reciprocity model based on Section 5.3 of TR 36.897 is adopted for modeling UL/DL channel reciprocity.

SRS configuration and modeling for UL channel estimation
Assume the bandwidth of SRS is W. Then, the l-th tap is the aggregation of the physical paths with delays in [l/W-1/(2W), l/W+1/(2W)]. Each physical path is assumed to associate with a single channel tap. This requires that larger bandwidth is configured for SRS to obtain finer resolution of physical paths, e.g., same as that of CSI-RS.
If larger bandwidth is used for SRS, and comb value of 2 or 4 in Rel-15 is applied, the power spectral density of SRS resource element (RE) might be insufficient without frequency hopping. If frequency hopping is configured, the delay of estimating channel will be enlarged. In order to increase power spectral density of SRS RE and enhance SRS coverage, larger comb value, e.g., 12, could be considered.
TR36.897 [2] has provided an SRS channel estimation error modeling method. It is simple and can model channel estimation error to good extent. The SRS error modeling has been used before for TDD reciprocity. It could also be adopted to evaluate CSI enhancement based on FDD channel reciprocity in Rel-17. Given the SRS channel estimation error modeling, the method to determine SINR and processing gain Δ is given in [2]. 
Based on discussion above, SRS configuration and channel estimation error modeling proposed are given in Table 3.
Table 3: SRS configuration and channel estimation error modeling
	Parameter
	Value

	SRS configuration
	BW 
	Same bandwidth as CSI-RS.	

	
	Time/frequency structure
	Comb: larger comb value, e.g., 12
Number of OFDM symbols: 1,2,4

	
	Periodicity
	5ms/10ms 

	SRS error modeling 
	SRS channel estimation modelling given in TR 36.897, i.e.,=. Δ (Delta) and SRS bandwidth should be reported by companies. 



FDD DL/UL calibration error model:
In [3], antenna calibration error is modeled in TDD system as

·  represents the downlink channel.
·  is the uplink channel derived by estimating SRS.
·  represents the mismatch between transmission and reception circuits of gNB.
·  is the amplitude mismatch coefficient, and could be modeled as uniform or Gaussian random variable.
· is the phase mismatch coefficient, and could be modeled uniform or Gaussian random variable.
· N is the number of antennas at gNB side.
The model given above can be used as a starting point for modeling DL/UL calibration error model in FDD.

Proposal-2: 
· Larger comb value, e.g., 12, can be considered for SRS transmission. SRS channel estimation modelling given in TR 36.897 could be reused.
· DL/UL calibration error shall be modeled and the model used for TDD can be used as a starting point. 

Enhanced Type II port selection codebook design
Type I and Type II codebook were introduced in NR Rel-15. Type I codebook is a normal resolution codebook which is usually used to support SU-MIMO and MU-MIMO. Type II codebook is high resolution codebook which could be used together with MU-MIMO to achieve high spectrum efficiency. In order to reduce feedback overhead, enhanced Type II codebook is introduced in NR Rel-16.  
In FDD massive MIMO systems, the reciprocity of delay and angular information for uplink and downlink channel has been observed in industry and academia [4][5]. Especially, if the carrier frequency distance between uplink and downlink channel is within a few gigahertz (GHz), the reciprocity of angular and delay information holds. If the reciprocity of delay information is applied to NR Rel-15/16 Type II port selection codebook, the objective of further reducing feedback overhead and improving system performance may be achieved.
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]The question is how to use the reciprocity of angular and delay between uplink and downlink channel. For NR Rel-16 Type II codebook, the codebook structure could be written as 
                                                                               (1)
where   and  reflect angle and delay information of the channel, respectively. If reciprocity of angle and delay holds, these information, i.e.,  and  which could be obtained from measuring uplink signal, does not need to be reported. Hence, feedback overhead can be saved. 
After some mathematical operation, equation (1) can be rewritten as  
                                                                  (2)

where  is Kronecker product and  is a vector by stacking elements of A. According to (2), UE is just required to report those coefficients since   and  can be derived by gNB according to uplink channel. 
Beamformed CSI-RS is adopted to obtain accurate channel estimation for NR Rel-15/16 Type II port selection codebook. The designed beam of each antenna port for transmitting CSI-RS is the spatial domain (SD) basis calculated based on uplink channel. That is, only angle information is exploited to design CSI-RS beams. In order to reduce feedback overhead, frequency domain (FD) basis has to be reported for Rel-16 Type II port selection codebook as shown in (1).  When partial reciprocity is available, gNB can derive the SD and frequency domain (FD) beam, i.e., SD and FD basis. As given in (2), SD and FD beam can be jointly used for beamforming of CSI-RS. gNB transmits the beamformed CSI-RS to UE and let UE calculate coefficients . At last, the precoder of the UE could be calculated according to (2) at gNB side. The feedback overhead is saved since FD basis is not reported compared with Rel-16 Type II port selection codebook.
 


Figure 1: Multi-path channel model
As shown in Figure 1, if the signal is transmitted through K paths, at least K ports transmitting beamformed CSI-RS are needed to capture all paths. However, if all port combination coefficients for all ports are reported to gNB, feedback overhead is still enormous. Notice that some paths do not play an important role to the overall transmission. These paths could be neglected. This means that accurate downlink precoder can be obtained if the dominated beams are selected. UE needs to report the indication information of selected ports to gNB. At gNB side, gNB could calculate downlink precoder by utilizing port indication, port combination coefficients, angle and delay information of uplink channel.


[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Figure 2: Procedure of enhanced Type II port selection codebook 
In Figure 2, the procedure of enhanced Type II port selection codebook based on partial channel reciprocity is illustrated. We assume dual-polarization antenna array with 2N1N2 ports are equipped at gNB, and there is N1N2 ports per polarization. The number of PMI subband is N3. Assume that there is one PRB within each PMI subband, and the frequency density of CSI-RS is 1 RE/PRB/Port. The precoder of downlink data transmission could be calculated according to the following four steps at gNB.
Step 1: Obtain estimated UL channel, and calculate SD basis , l=0,…,2L-1, and FD basis , m=0,…,M-1.
· Obtain UL channel
SRS transmitted by UE could be used to obtain UL channel.
· Calculate SD basis  and FD basis  
SD basis  and FD basis could be calculated by using the similar method as NR Rel-16 Type II codebook.
Step 2: Transmit beamformed CSI-RS to UE.
· For the k-th port of beamformed CSI-RS, the beam of CSI-RS could be written as 
                                                                                 (3)
where  is the conjugate of , i.e., the beamforming weight of CSI-RS on the n-th PRB is  , where  is the n-th element of .
Step 3: Estimate downlink channel from the beamformed CSI-RS; Select ports and calculate port combination coefficients which is denoted as .
· Estimate downlink channel 
Downlink channel of all CSI-RS ports could be estimated at UE side.
· Select ports  and calculate port (Beam) combination coefficients
· Port combination coefficients are calculated by UE based on estimated channel of all CSI-RS ports.
· Ports could be selected according to the calculated port combination coefficients.
Step 4: Calculate precoder.
[bookmark: OLE_LINK35][bookmark: OLE_LINK36]At gNB side, the downlink precoder can be calculated by using linear combination of selected beam by port combination coefficients, as given in (2).

Let W1 indicate the selected ports beam, and W2 be the port combination coefficients matrix. NR Rel-15 port selection codebook structure, i.e., W=W1W2, could be adopted as the codebook structure for Rel-17 Type II port selection codebook.

Proposal-3: NR Rel-15 port selection codebook structure, i.e.,W=W1W2, could be adopted as the codebook structure for Rel-17 Type II port selection codebook.
Proposal-4: CSI-RS is beamformed with SD beam and FD basis derived from UL channel.
1. CSI Enhancement for Multi-TRP/panel Transmission
In Rel-15, a specific codebook is designed for supporting coherent multi-panel transmission. For the case each PDCCH schedules a single PDSCH transmitted with one TRP/panel, i.e., NC-JT with multiple PDSCHs, current CSI framework can be reused. On the other hand, for the case one PDSCH is transmitted with multiple TRPs/panels, i.e., NC-JT with single PDSCH (including URLLC transmission with multiple TRPs), the CSI feedback design needs to be considered. 
As more accurate inter-layer interference can be taken into account based on measurements of the channel properties from potentially coordinated TRPs/panels, joint CSI measurement among coordinated TRPs/panels would be beneficial to improve the estimation accuracy of channel quality and PMI/RI. 

[image: ]
Figure 3: Example of CSI feedback supporting NC-JT
Based on current spec.,to achieve that, two report settings have to be configured. Then, CSI-RS resource 1 in the first report setting can be used as CMR for the first TRP, while CSI-RS resource 2 in the second report setting can serve as IMR. For CSI measurement of second TRP, CSI-RS resource 2 and CSI-RS resource 1 are used as CMR and IMR, respectively. 
To save the overhead of configuration signaling, extension to current CSI framework can be considered. For example, as shown in Figure 1, in that example, two associated CSI-RS resources are configured/indicated to the UE, where each resource is used to measure the channel of one of the TRPs/panels in NC-JT. By measuring the channel from multiple TRPs/panels jointly, the UE could report PMI/RI for each TRP/panel and feeds back CQI for each codeword or TRP with the assumption that NC-JT is conducted. In addition, other resources can still be used to measure interference and noise. 
Besides the extension to CSI framework, the assumption on transmission scheme can also be refined to improve the CSI reporting for multi-TRP operation. In Rel-16, in addition to 1a, transmission schemes such as 2a/2b/3 and 4 are also supported, and more new transmission schemes are under consideration in Rel-17 for HST scenario. Therefore, to reflect the actual channel condition in a specific transmission scheme, different assumptions on transmission scheme can be made. 
Proposal-5: To support NC-JT with single PDSCH, joint CSI measurement based on associated CSI-RS resources for coordinated TRPs/panels can be considered. 
Proposal-6: Indication/configuration/report on the transmission scheme assumed for CSI calculation can be considered.
Proposal-7: A t least the following CSI feedback quantities need to be supported:
· PMI/RI for each TRP/panel
· CQI for each codeword or TRP

Conclusions
In this contribution we discussed the transmission scheme of NR Rel-17 Type II port selection codebook and CSI enhancement for multi-TRP/panel. Our observations or proposals are summarized below.

Observation: 
Observason-1: For the considered configuration, i.e., 2GHz with duplexing gap of 200MHz, soft LOS states, delay spread and angular spread are almost same at different DL and UL carrier frequency.

Proposals: 
Proposal-1: The reciprocity model based on Section 5.3 of TR 36.897 is adopted for modeling UL/DL channel reciprocity.
Proposal-2: 
· Larger comb value, e.g., 12, can be considered for SRS transmission. SRS channel estimation modelling given in TR 36.897 could be reused.
· DL/UL calibration error shall be modeled and the model used for TDD can be used as a starting point. 
Proposal-3: NR Rel-15 port selection codebook structure, i.e.,W=W1W2, could be adopted as the codebook structure for Rel-17 Type II port selection codebook.
Proposal-4: CSI-RS is beamformed with SD beam and FD basis derived from UL channel.
Proposal-5: To support NC-JT with single PDSCH, joint CSI measurement based on associated CSI-RS resources for coordinated TRPs/panels can be considered. 
Proposal-6: Indication/configuration/report on the transmission scheme assumed for CSI calculation can be considered.
[bookmark: _GoBack]Proposal-7: A t least the following CSI feedback quantities need to be supported:
· PMI/RI for each TRP/panel
· CQI for each codeword or TRP
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