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1. Introduction
In 3GPP TSG RAN Meeting #86 the new work item (WI) on further enhancements on MIMO for NR was agreed with WI description in [1]. One of the objectives of the WI is related to CSI enhancements for multi-TRP (MTRP) non-coherent joint transmission (NC-JT) and FDD reciprocity. The corresponding objective is captured below.
	· 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 CSI enhancements to support MTRP NC-JT and FDD reciprocity are discussed.
2. Discussion
2.1. CSI enhancements for MTRP
Enhancements to support MTRP transmission were introduced in Rel. 16 eMIMO WI including single-DCI MTR transmission, multi-DCI MTRP transmission and MTRP transmission with PDSCH repetition. CSI enhancements for MTRP transmission were not considered in Rel. 17. Lack of CSI information which is aligned with the transmission scheme may lead to degradation of system performance due to not optimal scheduling decision (UE selection and selection of transmission scheme), wrong number of transmission layers and MCS mismatch. Thus, new CSI measurements and feedback features are required to improve system performance in order to support MTRP transmission including MTRP transmission schemes for eMBB and URLLC. 
2.1.1 eMBB
CSI enhancements for MTRP transmission were specified in Rel. 15 LTE feCoMP WI. The NC-JT transmission supported in LTE has some differences with NR MTRP transmission schemes including codeword to layer mapping, resource allocation etc. However, in terms of basic CSI measurements and reporting design LTE feCoMP can be used as a starting point for discussion. 

For CSI measurements in LTE feCoMP two CSI-RS resources are configured in one CSI process: CSI-RS resource 1 corresponding to the first TRP and CSI-RS resource 2 corresponding to the second TRP. CSI feedback in LTE feCoMP assume three MTRP schemes including dynamic point blanking and dynamic point selection (DPB/DPS) and NC-JT. Three transmission hypotheses are considered at the UE side for the MTRP CSI process.
· Hypothesis 1: TRP1 is transmitting and TRP2 is muted (DPB/DPS);
· Hypothesis 2: TRP2 is transmitting and TRP1 is muted (DPB/DPS);
· Hypothesis 3: TRP1 and TRP2 are transmitting (NC-JT).
For hypothesis 1 and 2 one of the configured CSI-RS resources is assumed for transmission, for hypothesis 3 it is assumed that a subset of transmission layers is using CSI-RS resource 1 and another subset of transmission layers is using CSI-RS resource 2. One hypothesis is selected for CSI reporting at the UE side. 
Similar to the LTE, CSI measurements for MTRP can be configured as multiple CSI-RS resources corresponding to one CSI report settings. Multiple transmission hypotheses can be considered at the UE side for CSI reporting including NC-JT and DPB/DPS. CSI enhancements for MTRP in NR should consider both single-DCI and multi-DCI based MTRP transmission for completeness. Also, some advanced features can be considered for NR comparing to LTE feCoMP in order to give more flexibility and coordination for MTRP scheduling, i.e. more CSI-RS resources corresponding to different TRP configured for one CSI report setting and possibility to report CSI for different hypothesis including NC-JT and DPB/DPS.
Proposal 1: 
· CSI design specified for NC-JT transmission in LTE feCoMP is considered as a starting point for discussion
· CSI measurements for MTRP are configured as multiple CSI-RS resources corresponding to one CSI report settings 
· Multiple transmission hypotheses are considered at the UE for CSI reporting including NC-JT and DPB/DPS
· Consider both single-DCI and multi-DCI based MTRP transmission for CSI enhancements
· The following aspects are for further study
· Number of CSI-RS resources corresponding to different TRP configured for one CSI report setting
· CSI reporting for different MTRP transmission hypothesis including NC-JT and DPB/DPS
System level simulations were carried out in order to obtain potential gains for eMBB MTRP CSI enhancements. Indoor hotspot scenario was used for simulations with 4 TRP coordinated via ideal backhaul with 2 Tx antennas at the TRP side and 4 Rx antennas at the UE side. MTRP scheduling algorithm with 2 steps was assumed. Separate scheduling at each TRP assuming single TRP transmission is done at the first step. Selection of MTRP or single TRP transmission is done at the second step for the UEs selected at the first step. Multiple transmission schemes can be considered for MTRP transmission including NCJT and DPB/DPS depending on the available CSI feedback. The detailed evaluation assumptions are presented in the Annex. The simulation results are presented in the below table for the following options for MTRP transmission and MTRP CSI feedback. 
· STRP: single TRP transmission without coordination
· MTRP, Rel. 15 CSI: single-DCI based NC-JT with Rel. 15 CSI feedback
· CSI information for NC-JT is derived using 2 CSI reports, where each CSI report corresponds to one TRP considering interference from another TRP
· MTRP, NC-JT CSI: single-DCI based NC-JT with CSI feedback for NC-JT
· CSI information for NC-JT is derived using 1 CSI report, where the CSI report consists of separate PMI and RI for each TRP and single CQI which assumes NC-JT for PDSCH transmission
· MTRP, NC-JT & DPB/DPS CSI: single-DCI based NC-JT and DPB/DPS, where CSI report corresponding to NC-JT or DPB/DPS is reported by the UE similar to LTE feCoMP CSI design
· CSI information for NC-JT is derived using 1 CSI report, where the CSI report consists of separate PMI and RI for each TRP and single CQI which assumes NC-JT for PDSCH transmission, UE selects NC-JT if hypothetical TBS for NC-JT is higher comparing to hypothetical TBS for DPB/DPS
Table 1. Preliminary evaluation results for MTRP CSI enhancements
	
	STRP
	MTRP, 
Rel. 15 CSI
	MTRP, 
NC-JT CSI
	MTRP, NC-JT & DPB/DPS CSI

	Packet Throughput, Mb/s
	Average
	66.416 (0%)
	61.296 (-8%)
	82.466 (24%)
	88.771 (34%)

	
	5% of CDF
	21.277 (0%)
	14.39 (-32%)
	15.505 (-27%)
	20.203 (-5%)

	
	50% sof CDF
	75.472 (0%)
	56.338 (-25%)
	71.428 (-5%)
	83.334 (10%)

	
	95% of CDF
	93.024 (0%)
	121.21 (30%)
	159.999 (72%)
	159.999 (72%)

	Resource Utilisation
	22 %
	32 %
	28 %
	23 %


As it can be seen from the above evaluation results that NC-JT transmission provides significant performance gains for 95% of CDF especially if CSI report optimised for NC-JT is used. There is no gain in average throughput if Rel. 15 CSI feedback is used to derive CSI for NC-JT. Also, NC-JT may result in performance loss for cell-edge UEs if there is no CSI feedback for DPB/DPS at the gNB. NC-JT with CSI feedback for DPB/DPS similar to feCoMP provides significant performance gains in average, 50% of CDF and 95% of CDF while there is only marginal performance loss for cell-edge UEs. Thus, the following observations can be made for Indoor Hotspot scenario with 2 Tx ports at the gNB and 4 Rx ports at the UE and low traffic load (~20%).
Observation 1:
· NC-JT transmission provides significant performance gains for 95% of throughput CDF
· There is no gain in average throughput if Rel. 15 CSI feedback is used to derive CSI for NC-JT
· NC-JT may result in performance loss for cell-edge UEs if CSI feedback for DPB/DPS is not considered
· MTRP transmission with CSI feedback for NC-JT and DPB/DPS provides significant performance gains in average throughput and 95% of throughput CDF while there is only marginal loss for cell-edge UEs
Proposal 2: 
· Support CSI enhancements for NC-JT
2.1.2 URLLC
Multiple MTRP transmission schemes were specified in Rel. 16 eMIMO WI in order to improve reliability for URLLC transmission. MTRP transmission schemes specified for URLLC assume PDSCH repetition by two TRP in the same time-frequency resources or orthogonal time-frequency resources in FDM and TDM. Combining of two PDSCH transmissions can be done at the UE side to improve PDSCH reception performance. Accurate MCS selection for URLLC is very important due to tight latency requirements. Thus, in order to avoid MCS mismatch accurate CQI feedback which is aligned with the actual PDSCH reception is required. Thus, specific design for CSI measurements and reporting for MTRP transmission with PDSCH repetition may be needed. 
Rel. 15 CSI feedback design can be used in order to derive CSI for PDSCH repetition with two separate CSI reports configured per each TRP with consequent combining of the CQI values at the gNB to approximate the MCS for MTRP transmission with PDSCH repetition. Such approach can be implemented if RI value is aligned for the two CSI reports. However, if UE reports different RI values for two CSI reports it may be hard to do accurate approximation of CQI value for PDSCH repetition at the gNB side. Thus, configuration of two CSI reports with aligned selection of RI can be considered in order to support more accurate MCS selection for MTR transmission with PDSCH repetition. 
Proposal 3: 
· Consider the support of enhanced CSI feedback for MTRP transmission with PDSCH repetition
· CSI report optimized for MTRP transmission with PDSCH repetition
· Two CSI reports corresponding to two TRP with aligned RI value
2.2. CSI enhancements for FDD reciprocity
For FDD bands it is not possible to derive precoding vectors for DL transmission using UL signals (e.g. SRS) due to lack of reciprocity of UL and DL channels. However, some components of DL precoding vectors can still be derived using UL signals due to reciprocity of delays and angles. So, it is proposed to enhance Type II port selection codebook considering that some PMI components can be obtained at the gNB via UL signals. Since Rel. 16 Type II port selection codebook provides better throughput/overhead tradeoff comparing to Rel. 15 Type II port selection codebook, we propose to consider only Rel. 16 Type II port selection codebook for the CSI enhancements for FDD reciprocity in this WI. 
Proposal 4: 
· Rel. 16 Type II port selection codebook is considered for CSI enhancements for FDD reciprocity
PMI for Rel. 16 Type II codebook is comprised of multiple components including spatial domain (SD) vectors, frequency domain (FD) vectors and combining coefficients. For Type II port selection codebook SD vectors corresponds to vector with a singe element equal to 1 and other elements equal to 0, therefore SD vector correspond to selection of single CSI-RS port. Thus, gNB has full flexibility to apply any precoding vector for CSI-RS transmission. Hence, it is important to align the assumption on the precoding vectors assumed for CSI-RS transmission in RAN1. One option for the precoding of the CSI-RS ports is DFT vectors applied for antennas of the same polarization similar to SD vectors used for the regular Type II codebook. Also, two approaches are possible for precoding of CSI-RS: UE-specific CSI-RS precoding and cell-specific CSI-RS precoding. In case of UE-specific CSI-RS precoding it can be assumed that a set of CSI-RS ports is used for a single UE only, non-orthogonal DFT vectors with arbitrary oversampling factor can be used. In case of cell-specific CSI-RS precoding it can be assumed that multiple UEs use the same CSI-RS ports, where precoding vectors for CSI-RS ports corresponds to mutually-orthogonal DFT vectors or DFT vectors with low oversampling factor (e.g. 2 or 4). 
Proposal 5: 
· It is assumed that DFT vectors are applied as precoding vectors for CSI-RS transmission
· Cell-specific or UE-specific CSI-RS precoding can be considered
Frequency domain (FD) compression is supported for Rel. 16 Type II codebooks, where DFT vectors are applied in FD. For CSI with FDD reciprocity it can be assumed that delays estimated at the gNB corresponds to particular FD DFT vectors. For the Rel. 16 Type II codebooks the FD vectors are selected per layer and per SD vectors using selection procedure with multiple steps. It is not clear if it is possible to do accurate estimation of the delays per layer and per SD vector at the gNB side from UL signals which are aligned with the actual FD vectors in DL considering impairments e.g. channel estimation error. Moreover, in order to provide some margin for estimation of the FD vectors at the gNB, estimation of contagious set with larger number of FD vectors can be considered at the gNB.
Proposal 6:
· It is assumed that DFT vectors are applied in frequency domain similar to Rel. 16 Type II codebooks
· Study if accurate estimation of delays per layer and per SD vector is possible at the gNB based on UL signals
· Estimation of contagious set with larger number of FD vectors can be considered at the gNB
3. Conclusion
In this contribution CSI enhancements to support MTRP NC-JT and FDD reciprocity were discussed. The following proposals and observations were presented. 
Proposal 1: 
· CSI design specified for NC-JT transmission in LTE feCoMP is considered as a starting point for discussion
· CSI measurements for MTRP are configured as multiple CSI-RS resources corresponding to one CSI report settings 
· Multiple transmission hypotheses are considered at the UE for CSI reporting including NC-JT and DPB/DPS
· Consider both single-DCI and multi-DCI based MTRP transmission for CSI enhancements
· The following aspects are for further study
· Number of CSI-RS resources corresponding to different TRP configured for one CSI report setting
· CSI reporting for different MTRP transmission hypothesis including NC-JT and DPB/DPS
Observation 1:
· NC-JT transmission provides significant performance gains for 95% of throughput CDF
· There is no gain in average throughput if Rel. 15 CSI feedback is used to derive CSI for NC-JT
· NC-JT may result in performance loss for cell-edge UEs if CSI feedback for DPB/DPS is not considered
· MTRP transmission with CSI feedback for NC-JT and DPB/DPS provides significant performance gains in average throughput and 95% of throughput CDF while there is only marginal loss for cell-edge UEs
Proposal 2: 
· Support CSI enhancements for NC-JT
Proposal 3: 
· Consider the support of enhanced CSI feedback for MTRP transmission with PDSCH repetition
· CSI report optimized for MTRP transmission with PDSCH repetition
· Two CSI reports corresponding to two TRP with aligned RI value
Proposal 4: 
· Rel. 16 Type II port selection codebook is considered for CSI enhancements for FDD reciprocity
Proposal 5: 
· It is assumed that DFT vectors are applied as precoding vectors for CSI-RS transmission
· Cell-specific or UE-specific CSI-RS precoding can be considered
Proposal 6:
· It is assumed that DFT vectors are applied in frequency domain similar to Rel. 16 Type II codebooks
· Study if accurate estimation of delays per layer and per SD vector is possible at the gNB based on UL signals
· Estimation of contagious set with larger number of FD vectors can be considered at the gNB
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Appendix
Table 2. Evaluation assumptions
	Parameter
	Value

	Scenario
	Indoor hotspot

	Layout
	Indoor hotspot grid with 4 sites

	ISD
	20 m

	Carrier frequency
	4 GHz

	Simulation bandwidth
	10 MHz with 15 kHz subcarrier spacing, 52 PRB

	Tx power
	33 dBm

	UE distribution
	Uniform

	UE antenna configuration
	4 Rx X-pol slant 0/90 degrees, dH = 0.5 λ

	BS antenna configuration
	2 Tx X-pol slant -45/45 degrees

	Traffic model
	FTP 1 with 0.5 Mbytes packet size, low traffic load

	TRP association
	RSRP based
Handover margin = 0 dB

	Transmission mode
	SU-MIMO with rank adaptation, STRP and MTRP

	Scheduling
	Proportional Fair, wideband

	OLLA
	10% BLER target

	MU-MIMO precoding
	N/A

	Elevation beamforming
	N/A

	UE receiver
	MMSE-IRC

	UE noise figure
	9 dB

	HARQ
	No HARQ retransmission

	CSI
	5 ms periodicity, 4 ms delay, wideband CQI and PMI
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