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Introduction
The endorsed Rel.17 NR FeMIMO WID includes the following objective [1]:
	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



This contribution provides Samsung’s view on enhancements and evaluation methodology for this item. 

NC-JT CSI enhancements
In the Rel-16 NR CSI framework, CMR and IMR are one-to-one mapped for a given CSI reporting setting. So when a NW is to obtain CSI for multiple interference hypotheses, it needs to configure the CSI reports for the number of interference hypotheses. In practical NC-JT deployments, the NW needs to dynamically switch between NC-JT and non-NC-JT transmission depending on traffic conditions and channel quality. For such operation, it needs to configure independent CSI reports from cooperating TRPs – both with and without NC-JT interference. For example, 4 CSI reports for two-TRP cooperation is shown in Figure 1. If the number of cooperating TRPs increases, the number of required CSI reports will increase exponentially. Since the number of CSI reports in a BWP is limited by UE capability, which is up to 4 per time-domain behavior, Rel-16 based NC-JT CSI report consumes a significant amount of UE capability for CSI, even for a two-TRP scenario.
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Figure 1. An example of CSI report configuration for two TRPs in Rel-16
To reduce the reporting overhead, one approach is to select only a subset of the configured reports by UE (e.g. according to channel condition) for reporting. In the example of Figure 1, when the channel condition is good enough to support NC-JT, the UE reports NC-JT CSIs only, i.e., the reports #3 and #4, to gNB and omits the reports #1 and #2. Otherwise, the UE reports non-NC-JT CSIs only, i.e., the reports #1 and #2. The number of reports can be further reduced by choosing the best one from the non-NC-JT CSIs.
Another approach for reducing reporting overhead is to configure multiple {CMR, IMR} pairs in a CSI-RS resource set associated with a single CSI report. Under this configuration, UE dynamically selects one or two among those pairs for the CSI report. On each {CMR, IMR} pair, CMR indicates the corresponding TRP, and IMR indicates the corresponding interference hypothesis. If UE is to report NC-JT CSI, two corresponding {CMR, IMR} pairs will be chosen, else a single {CMR, IMR} pair will be selected to report non-NC-JT CSI. The chosen {CMR, IMR} pairs can be indicated to gNB by the CRI value. An example of the aforementioned {CMR, IMR} configuration, and corresponding CRI are depicted in Figure 2.
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Figure 2. CSI-RS resource set configuration for dynamic NC-JT CSI reporting
The associated UCI payload for the CSI report can vary according to the selected CRI value. If the selected CRI value is for NC-JT CSI, the UCI will contain two sets of {RI, PMI, CQI} for cooperating TRPs. Otherwise, the UCI would contain one set of {RI, PMI, CQI} for a single TRP. To handle the variable UCI payload, we can extend two-part UCI structure in Rel-16 for the NC-JT CSI report. For example, UCI comprises two parts (UCI#1, UCI#2), where
· UCI#1 is always reported, has fixed payload, and comprises (1) partial CSI for two TRPs and (2) an indication of the remaining CSI for two TRPs included in UCI2. Note that (2) determines the payload of UCI2; and
· UCI#2 has a variable payload, and comprises remaining CSI for two TRPs.

Proposal 1: On CSI enhancements for multi-TRP, support
· CRI-based adaptive reporting between NC-JT and non-NC-JT CSI
· Two-part UCI structure optimized for NC-JT CSI report

We provide a preliminary SLS result to evaluate the gain by the proposed NC-JT CSI reporting. In the proposed CSI reporting, the UE reports both or one of NC-JT and non-NC-JT CSIs from the two best TRPs having the highest RSRP. From those CSIs, the NW schedules NC-JT or DPS dynamically according to the reported CSI and NW traffic conditions. For a fair comparison, we set the two baseline schemes:
1) Scheme 1 (DPS): UE always reports non-NC-JT CSI from the two best TRPs. NW schedules DPS according to the reported CSI.
2) Scheme 2 (non-NC-JT CSI only): UE reports non-NC-JT CSI only from the two best TRPs. NW schedules NC-JT according to the non-NC-JT CSI so that CSI mismatch would occur. When one of the two best TRPs is not available for scheduling, NW schedules a UE via DPS.
Table 1 shows the UPT gain by NC-JT with proposed CSI reporting compared to the baseline schemes. We can observe that proposed CSI reporting achieves substantial 50% and cell-edge UPT gain compared to scheme 2 (case with CSI mismatch), 36.42% and 16.41% respectively, which implies that proposed CSI reporting is beneficial for enhancing NW throughput when NC-JT is used.


Table 1. UPT gains of NC-JT by dynamic CSI reporting.
	
	5% UPT
	50% UPT
	Mean UPT

	
	Value
	Gain over DPS
	Value
	Gain over DPS
	Value
	Gain over DPS

	Scheme 1 (DPS)
	87.0 Mbps 
	-
	162.9 Mbps 
	-
	169.0 Mbps 
	-

	Scheme 2 (NC-JT w. CSI mismatch)
	89.8 Mbps
	3.25%
	185.0 Mbps
	13.59%
	206.9 Mbps
	22.38%

	Proposed (NC-JT w. dynamic CSI reporting)
	104.5 Mbps
	20.19%
(+16.41% from scheme 2)
	252.4 Mbps
	54.95%
(+36.42% from scheme 2)
	252.1 Mbps
	49.15%
(+21.87% from scheme 2)



Observation 1: NC-JT scheduling according to proposed NC-JT CSI reporting provides substantial UPT gain versus that according to non-NC-JT CSI (with the CSI mismatch).

CSI enhancements for FDD
1.1 EVM
The first part of the objective is about the evaluation (study) phase of this item. Using the evaluation methodology (EVM) for Rel.16 eType II as a starting point, additional assumptions for FDD reciprocity have been discussed via offline email discussion. The final outcome of the discussion has been summarized in [2], which is copied below.
For Evaluation Assumption for CSI enhancement
· Considering SLS assumptions for CSI enhancement in Rel-16, i.e. Table 2, as a starting point with following potential revisions/clarifications in red.
	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 
· [bookmark: _GoBack]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 
	41dBm 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.



Our views about some of the EVM aspects shown in red are provided as follows.
· Channel model for reciprocity: There are two available options (Opt): Opt. 1 is according to TR 36.897 and Opt. 2 is according to TR 38.901. In our view, the model according to TR 36.897 (Opt. 1) is preferred since it is specifically designed for reciprocity modelling. The model according to TR 38.901 (Opt. 2) is quite general for any two-carrier-frequency setup (e.g. two DL carriers), and is not specific to reciprocity based operations, hence significant amount of work will be required in order to make it usable for reciprocity scenario.
· SRS modelling: To avoid the effect of different SRS assumptions on results across companies, we prefer to align the remaining assumption about the SRS configuration. For instance, at least the following can be considered.
· BW: same as CSI-RS
· Number of SRS ports = 1
· TX power: based on UL power control (with max 23 dBm, for example)
· Beamformed CSI-RS: How and what beamforming weights (e.g. DFT-based or SVD-based) are used need to be aligned. Also, whether CSI-RS is UE-specific or cell-specific should be discussed, and the CSI-RS overhead should be included in UPT calculation accordingly.
· FDD DL/UL calibration error: Since UL/DL reciprocity and calibration errors due to different Tx-Rx RF circuitry errors/impairments is a practical issue, and can have significant impact on performance, we prefer to model it in this evaluation. The modelling in [3] can be considered as a starting point. 

Proposal 2: the following aspects are included in the EVM for CSI enhancements for FDD  
· Reciprocity model: based on Opt. 1 (TR 36.897)  
· SRS configuration: remaining assumptions 
· BW: same as CSI-RS
· Number of SRS ports = 1
· TX power: based on UL power control (with max 23 dBm, for example)
· Beamformed CSI-RS
· Whether beamforming is DFT-based or SVD-based
· Whether UE-specific or UE-common
· Overhead of UE-specific beamformed CSI-RS should be considered in UPT calculation
· Calibration error model: consider R1-144943 as a starting point

1.2 Potential enhancements
The second part of the objective is about potential enhancements, about which we have the following high level view.
· Low impact: The CSI-RS precoding is assumed to be performed only on spatial domain (SD), same as in Rel. 16 Type II port selection (PS) codebooks. The Rel. 16 Type II PS codebook is used or there are small enhancements made to the Rel.16 codebook (e.g. W1 is enhanced to allow free selection of  ports). The PMI components (e.g. from Rel.16 Type II PS codebook) are partitioned into two sets (S1 and S2).
· S1: not reported, gNB obtains them based on SRS by utilizing DL/UL reciprocity of angle and delay. 
· S2: reported.
· High impact: The CSI-RS precoding is assumed to be performed on both SD and frequency domain (FD), and a new codebook is designed. As shown in Figure 2, there are two alternatives for port selection.
· Separate port selection:SD ports (out of a total of  SD ports) and  FD ports (out of a total of  FD ports) are selected separately.
· Joint port selection: out of  or   ports are selected jointly across SD and FD.
[image: ]
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Proposal 3: consider the following enhancements for evaluation
· Low impact: Based on Rel.16 Type II PS codebook with small modifications 
· Example: free port selection in W1, reporting only a subset of PMI components (from Rel.16 Type II PS codebook)
· High impact: New Type II PS design with potentially different codebook structure and parametrization from Rel.16 Type II PS design
· Example: separate or joint port selection across SD and FD

Conclusion
In this contribution, the following observation and proposals are given: 
Proposal 1: On CSI enhancements for multi-TRP, propose
· CRI-based adaptive reporting between NC-JT and non-NC-JT CSI
· Two-part UCI structure optimized for NC-JT CSI report
Observation 1: NC-JT scheduling according to proposed NC-JT CSI reporting provides substantial UPT gain versus that according to non-NC-JT CSI (with the CSI mismatch).
Proposal 2: the following aspects are included in the EVM for CSI enhancements for FDD  
· Reciprocity model: based on Opt. 1 (TR 36.897)  
· SRS configuration: remaining assumptions 
· BW: same as CSI-RS
· Number of SRS ports = 1
· TX power: based on UL power control (with max 23 dBm, for example)
· Beamformed CSI-RS
· Whether beamforming is DFT-based or SVD-based
· Whether UE-specific or UE-common
· Overhead of UE-specific beamformed CSI-RS should be considered in UPT calculation
· Calibration error model: consider R1-144943 as a starting point

Proposal 3: consider the following enhancements for evaluation
· Low impact: Based on Rel.16 Type II PS codebook with small modifications 
· Example: free port selection in W1, reporting only a subset of PMI components (from Rel.16 Type II PS codebook)
· High impact: New Type II PS design with potentially different codebook structure and parametrization from Rel.16 Type II PS design
· Example: separate or joint port selection across SD and FD
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