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1. Introduction
At the 3GPP TSG RAN Meeting #86 new work item (WI) on further enhancements on MIMO (feMIMO) 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 (NCJT) and codebook enhancement for 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


At the RAN1#103-e meeting [2] it was agreed to support enhancements for port selection codebook utilizing DL/UL reciprocity of angle and/or delay. Also, it was agreed that Rel-17 CSI measurement and reporting for DL multi-TRP and/or multi-panel transmission shall be enhanced to support and enable more dynamic channel/interference hypotheses for NCJT. In this contribution remaining issues on CSI enhancements for MTRP and FDD reciprocity are discussed.
2. Discussion
2.1. CSI enhancements for FDD
At the last RAN1 meeting the following agreements were achieved for ordering of PMI components in the UCI. 
	Agreement
For UCI part II of Rel-17 PS codebook, study the following alternatives and down-select one or more alternatives in RAN1 107
· Alt 1: Report Port indicator, SCI, and FD indicator in Group 0
· Alt 2: Report bitmap in Group 0 or Group 1 without bitmap partition
· Alt 3: Three groups of UCI Part 2 for Rel-16 PS codebook is reused for Rel-17 PS codebook enhancement except that the starting position of the FD basis window is not needed
Note that other solutions of UCI part II design are not excluded. 
Agreement 
For the priority of mapping coefficients for Rel17 PS codebook, study the following alternatives and down-select one or more alternatives in RAN1#107-e:
· Alt 1: Support mapping coefficients firstly across port indices, secondly across FD basis indices, and thirdly across layers, i.e. priority value is given by the priority value 
· Alt 2: Support mapping coefficients firstly across layers, secondly across port indices, and thirdly across FD basis indices, i.e., the priority value is given by 
· Alt 3: Support mapping coefficients firstly across layers, secondly across port indices, and thirdly across FD basis indices, i.e., the priority value is given by 
· FFS port permutation function 
Note that other solutions are not excluded. 


For the Alt 3 in the first agreement above UCI design for Rel-16 PMI codebook is considered. The following agreements were made on UCI design for Rel-16 PMI codebook in RAN1#98 and RAN1#98bis meetings.  
	Agreement





Denote the non-zero LC coefficient (NZC) associated with layer , beam , and FD-basis  as . The associated bitmap component (including zero(s)) is.
For the purpose of UCI omission, the parameters in UCI Part 2 is divided into 3 groups where Group n is of a higher priority than Group (n+1), n=0, 1.
Agreement 
On UCI omission for Rel.16 Type II codebook, the following scheme is supported:
· 



Priority level definition: If priority levels of two LCCs and are such that Prio(,l2,m2)< Prio(,l1,m1), LCC  has a higher priority over 
· 

Non-zero LC coefficients and bits of bitmap  are prioritized/ordered from high to low priority according to (,l,m) with the same priority function Prio(,l,m)
· 



G1 comprising the  highest priority non-zero LC coefficients  and the  highest priority bits of bitmap
· 



G2 comprising the  lowest priority non-zero LC coefficients  and the  lowest priority bits of bitmap 
· The priority level is calculated as Prio(,l,m)=2L.RI.P(m)+RI.l+ where P(m) maps the index m according to the following order of the corresponding FD components (if selected): 0, N3-1, 1, N3-2, 2, .... 


From the above agreements it can be seen that for Rel-16 PMI codebook UCI is divided into three groups (G0, G1, G2), where G1 and G2 contain linear combining coefficients and bitmap. Other PMI components are carried in G0. Design of Rel-17 PMI codebook is similar to Rel-16 PMI codebook. Thus, Rel-17 UCI omission can follow the same design as agreed in Rel-16. However, in our view there is one significant difference: for Rel-17 PMI codebook the bitmap size is significantly smaller comparing to Rel-16. Hence, we propose to report full bitmap in G0.
Proposal 1: 
· Support the following groups for partial UCI omission for Rel-17 PMI codebook
· Group 0:  Port indicator, SCI, FD indicator, bitmap
· Group 1: ceil(KNZ/2) higher priority coefficients
· Group 2: floor(KNZ/2) lower priority coefficients
Regarding the priority of the coefficients, in our view the coefficients shall be distributed in such way that omission of all coefficients for a layer is avoided. Also, for M = 2 all the coefficients for the first FD vector should be located in G1. Furthermore, in order to avoid dropping of all the coefficients per polarisation for M = 1, simple coefficient permutation function can be considered.
Proposal 2: 
· Support mapping coefficients firstly across layers, secondly across port indices, and thirdly across FD basis indices
· Permutation of port indexes can be considered to avoid omission of all coefficients per polarization
The following agreement was made at the last RAN1 meeting on the support of FD window size N > 2 for M = 2.
	Agreement 
In addition to N=2, N=4 is supported when M=2 for rank 1/2
· For rank 3/4, when M=2, N = 2 or 4 is supported and same with the value of N configured for rank 1/2
· FFS how to handle N3=3 case


In the agreement copied above the case where the number of PMI subbands is equal to 3 (N3 = 3) is for further study w.r.t. configuration with N = 2 or 4. In our view issue of N3 = 3 can be simply solved by considering a rule that if RRC parameter corresponding to N is configured as 4 with N3 = 3 then value of N is equal to 3. 
Proposal 3: 
· If RRC parameter corresponding to N is configured as 4 with N3 = 3 then N is equal to 3
One of the leftovers for Rel-17 PMI codebook is the case with 24 PRBs in the BWP. Since only Type I PMI codebook is supported for this case, in our view there is no need to support 24 PRB BWP for new Rel-17 Type II PMI codebook.
Proposal 4: 
· 24 PRB BWP is not supported for new Rel-17 Type II PMI codebook
2.2. CSI enhancements for MTRP
At the RAN1#104-e meeting it was agreed to support CSI report with multiple measurement hypothesis including the case where measurement hypothesis for NCJT and STRP are reported by the UE. For this case CSI reporting overhead can be reduced by sharing of RI and PMI for NCJT CSI and STRP CSI. However, sharing of RI and PMI values may lead to degradation of system performance due to different optimal RI value for NCJT and STRP especially for scenarios were number of Tx antennas at the gNB is equal or higher comparing to the number of Rx antennas at the UE. For such scenario RI for STRP may be higher comparing to the number of layers transmitted from the same TRP in NCJT. Thus, if sharing of RI and PMI for NCJT CSI and STRP CSI is supported, enabling/disabling of this feature shall be considered (e.g. via RRC).
Proposal 5: 
· Enabling/disabling of sharing of RI/PMI for NCJT CSI and STRP CSI via RRC shall be considered if sharing of RI/PMI for NCJT CSI and STRP CSI is supported
Omission of PMI for NCJT can be also considered to improve the efficiency of CSI reporting since CSI for NCJT measurement hypothesis is not always needed. For example, in some cases NCJT provides lower transport block size (TBS) comparing to STRP transmission with the same CMR; there is no benefit for system if PMI for NCJT is known for this case since NCJT will not be used for transmission. Also, if channel conditions result in out of range CQI for NCJT CSI (i.e. NCJT cannot be received) there is no value to report PMI for NCJT. Based on SLS evaluations (please see the evaluation parameters in the Appendix) the probability of such event is around 25% for low resource utilization, around 35% for medium resource utilization assuming 2 Tx antennas at the gNB and 4 Rx antennas at the UE.
Observation 1:
· Based on system level evaluations, probability of NCJT CSI omission is 25% for low resource utilization and 35% for medium resource utilization with 2 Tx antennas at the gNB and 4 Rx antennas at the UE
Thus, we propose to support NCJT CSI omission in CSI part 2 (e.g. PMI, LI and CQI for the second codeword) with indication of omission in part 1. For the indication of NCJT CSI omission any bitfield in CSI part 1 can be used. In our view CQI for NCJT (for 1st codeword) can be used for this purpose, i.e. if CQI for NCJT is equal to 0 NCJT CSI measurement hypothesis is not reported by the UE.
Proposal 6: 
· Support omission of CSI for NCJT measurement hypothesis in CSI part 2
· Omission of NCJT measurement hypothesis is indicated in CSI part 1 by using CQI field, i.e. if CQI for NCJT is equal to 0 NCJT CSI measurement hypothesis is not reported by the UE
For the update of CMR pairs for NCJT and CMRs for STRP (Single-TRP) using MAC-CE, dynamic update of CMRs can be supported by using Rel. 15 aperiodic CSI triggering design with configuration of multiple aperiodic CSI reports. However, considering that it was agreed to support configuration with up to 8 CMRs, dynamic update of CMR by using aperiodic CSI triggering is challenging due to large number of required CSI reports. Considering the above, we propose to support MAC-CE based update of CMRs configured for NC-JT and STRP.
Proposal 7: 
· Support MAC-CE based update of CMRs for NCJT and STRP
The following agreement was made at the last RAN1 meeting w.r.t. codebook subset restriction (CBSR) for PMI.
	Agreement 
For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, down-select one alternative from the following in RAN1 107: 
· Alt 1: One CBSR can be configured per CodebookConfig, whereas CBSR is applied to all CMRs regardless measurement hypotheses or CMR groups.
· Alt 2: Two CBSRs can be configured per CodebookConfig, whereas one CBSR is applied to one CMR group in a CMR resource set respectively, i.e. per TRP.


Since the CBSR for PMI is needed in order to avoid inter-cell interference configuration of CBSR per TRP is required since spatial pattern inter-cell interference is different for TRPs in different locations. Thus, we propose to support two CBSRs configured per CodebookConfig, whereas one CBSR is applied to one CMR group in a CMR resource set respectively.
Proposal 8: 
· Support two CBSRs configured per CodebookConfig, whereas one CBSR is applied to one CMR group in a CMR resource set respectively
The following agreement was made at the RAN1#106-e meeting w.r.t. CSI quantity "CRI-RI-CQI" support for NCJT. 
	Agreement
For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT measurement hypothesis, study whether to support non-PMI CSI reporting with reportQuantity set to "CRI-RI-CQI" in Rel-17
· Related details, if needed, are to be discussed in RAN1#106bis.
· Interested companies are encouraged to share details and related specification impact if support


In our view this feature is important for TDD deployments, so we propose to support it for Rel. 17 MTRP CSI. One particular detail which shall be addressed is configuration of port indexes (RRC parameter non-PMI-PortIndication). Currently this parameter is configured per CSI-RS resource (CMR) which makes it easy to reuse the same configuration structure for MTRP CSI. In order to avoid large overhead for RRC configuration, default value for non-PMI-PortIndication should be considered.
Proposal 9: 
· For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT measurement hypothesis, support non-PMI CSI reporting with reportQuantity set to "CRI-RI-CQI" in Rel-17
· If the UE is not configured with higher layer parameter non-PMI-PortIndication, for two CMRs configured in a CMR pair as an NCJT measurement hypothesis, the CSI-RS port indices  of the first CMR and the CSI-RS port indices  of the second CMR are associated with the rank combination  reported for the first and second CMRs respectively.
In Rel. 15 and Rel. 16 one CSI set (e.g. RI, PMI, CQI) corresponds to a single CSI reporting setting. In Rel. 17 MTRP CSI it was agreed that if multiple CSI measurement hypothesis are reported (i.e. X = 1 and X = 2), multiple CSI sets correspond to a single CSI reporting settings. In this case, it is not clear how to treat different CSI sets from the perspective of UCI encoding. One possible way to handle multiple CSI measurement hypothesis is to consider different CSI measurement hypothesis as separate CSI reports in TS38.212 (Table 6.3.2.1.2-6 and Table 6.3.2.1.2-7). Similar approach can be used for priority rules; if different CSI measurements hypothesis correspond to different CSI report then CSI priority equation from TS38.214 (section 5.2.5) can be used. This priority equation can be modified in order to handle the case where UE is not able to update all X + 1 (e.g. CSI for NCJT can be prioritized over CSI for STRP).
Proposal 10: 
· Different CSI measurement hypothesis are treated as separate CSI reports in TS38.212 (Table 6.3.2.1.2-6 and Table 6.3.2.1.2-7) and for CSI priority equation from TS38.214 (section 5.2.5)
· CSI priority equation from TS38.214 (section 5.2.5) is modified (e.g. CSI measurement hypothesis for NCJT can be prioritized over CSI measurement hypothesis for STRP)
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: 
· Support the following groups for partial UCI omission for Rel-17 PMI codebook
· Group 0:  Port indicator, SCI, FD indicator, bitmap
· Group 1: ceil(KNZ/2) higher priority coefficients
· Group 2: floor(KNZ/2) lower priority coefficients
Proposal 2: 
· Support mapping coefficients firstly across layers, secondly across port indices, and thirdly across FD basis indices
· Permutation of port indexes can be considered to avoid omission of all coefficients per polarization
Proposal 3: 
· If RRC parameter corresponding to N is configured as 4 with N3 = 3 then N is equal to 3
Proposal 4: 
· 24 PRB BWP is not supported for new Rel-17 Type II PMI codebook
Proposal 5: 
· Enabling/disabling of sharing of RI/PMI for NCJT CSI and STRP CSI via RRC shall be considered if sharing of RI/PMI for NCJT CSI and STRP CSI is supported
Observation 1:
· Based on system level evaluations, probability of NCJT CSI omission is 25% for low resource utilization and 35% for medium resource utilization with 2 Tx antennas at the gNB and 4 Rx antennas at the UE
Proposal 6: 
· Support omission of CSI for NCJT measurement hypothesis in CSI part 2
· Omission of NCJT measurement hypothesis is indicated in CSI part 1 by using CQI field, i.e. if CQI for NCJT is equal to 0 NCJT CSI measurement hypothesis is not reported by the UE
Proposal 7: 
· Support MAC-CE based update of CMRs for NCJT and STRP
Proposal 8: 
· Support two CBSRs configured per CodebookConfig, whereas one CBSR is applied to one CMR group in a CMR resource set respectively
Proposal 9: 
· For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT measurement hypothesis, support non-PMI CSI reporting with reportQuantity set to "CRI-RI-CQI" in Rel-17
· If the UE is not configured with higher layer parameter non-PMI-PortIndication, for two CMRs configured in a CMR pair as an NCJT measurement hypothesis, the CSI-RS port indices  of the first CMR and the CSI-RS port indices  of the second CMR are associated with the rank combination  reported for the first and second CMRs respectively.
Proposal 10: 
· Different CSI measurement hypothesis are treated as separate CSI reports in TS38.212 (Table 6.3.2.1.2-6 and Table 6.3.2.1.2-7) and for CSI priority equation from TS38.214 (section 5.2.5)
· CSI priority equation from TS38.214 (section 5.2.5) is modified (e.g. CSI measurement hypothesis for NCJT can be prioritized over CSI measurement hypothesis for STRP)
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Appendix
Table 1. Evaluation assumptions for MTRP CSI
	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

	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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