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Introduction
This contribution provides Samsung’s view regarding the maintenance of Rel.17 CSI enhancements. 

NC-JT CSI enhancements
1.1 RI restriction
In RAN1#106b-e [6], the following agreement was made regarding to RI restriction for Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting. 
	Agreement
For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting 
· Alt 4: Two RI restrictions can be configured per CodebookConfig, whereas one RI restriction is applied to all Single-TRP measurement hypotheses, and another one is applied to all NCJT measurement hypotheses. 
· If rank restriction of (X, Y) is configured, reported rank is X for all single-TRP measurement hypotheses and reported rank (1 out of 4 possible rank combinations) is Y for all NCJT measurement hypotheses.
FFS: Whether there can be multiple candidate values of X and Y


According to the above agreement two RI restrictions can be configured per CodebookConfig, whereas one RI restriction is applied to all the Single-TRP measurement hypotheses and the other is applied to all NCJT measurement hypothesis. Moreover, it was agreed that if a rank restriction of (X, Y) is configured then the reported rank is X for all single TRP hypothesis and reported rank Y for NCJT measurement hypothesis which is mapped to one of the four possible rank combination {1,1},{1,2},{2,1} and {2,2}. Furthermore, whether multiple values of X and Y can be configured is left for further study. The legacy RI restrictions in Rel. 15 and 16 are based on bitmap indication with the length of the bitmap vector is set to the largest rank the configured codebook supports. Additionally, the Rel. 15 and 16 codebook configurations allow multiple candidate ranks to be configured, i.e., ranks corresponding to bits in the bitmap vector set to ‘1’ and UE is allowed to report one of them via RI. This allows the UE to flexibly select one of the configured candidates ranks values and indicate it with RI. The same design principle can be considered for Rel. 17 NCJT CSI. Hence, multiple candidate values of X and Y can be configured where RI(s) for Single-TRP measurement hypotheses indicate one of the candidate values of X while the RI for NCJT measurement hypothesis is mapped to one of the candidate values of Y. 
Proposal 1: For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting settings support multiple RI candidate values X and Y for Single-TRP and Multi-TRP measurement hypotheses, respectively.

1.2 Discussions on Inter-CMR distance in a CMR Pair
In RAN1#106-e [3] and RAN1#106b-e [6], the following agreements were made on whether to restrict the two CMRs within a same CMR pair configured for NCJT measurement hypothesis to be within the same downlink slot or CDRX active time. 
	Agreement
For CSI measurement associated with a CSI-ReportingConfig for NC-JT, study following restriction(s) for two CMRs within the same CMR pair configured for NCJT measurement hypothesis:
· FFS: two resources are restricted within the same DL slot
· FFS: two resources are restricted with the same CDRX active time

Agreement
For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting
· Alt 1: CBSR is supported and can be applied for both single-TRP and Multi-TRP measurement hypotheses.
· FFS detailed CBSR signalling configured for Multi-TRP

Agreement 
For CSI measurement associated with a CSI-ReportingConfig for NCJT, support two CMRs within the same CMR pair configured for NCJT measurement hypothesis to be restricted within X continuous slot(s) without DL/UL switch between two CMRs
· X=1, 2
· whereas X=1 implying the same slot and X=2 implying two adjacent slots
· FFS other restrictions for FR2
· FFS whether UE capability is needed for X=2




It was agreed to restrict two CMRs within a CMR pair configured for NCJT measurement hypothesis to be restricted within X=1,2 continuous slot(s) without DL/UL switching between the two CMRs. In RAN1#106-bis various reasons were mentioned for this restriction including CSI accuracy and UE’s memory requirement to buffer the estimated channel. The remaining issue is whether there is a need for UE capability for X=2. In Rel. 15 and 16, a CMR and IMR could be in two adjacent sots without a need for UE capability. Similarly, since in Rel. 17 NCJT CSI a CMR from one TRP serve in a similar way as an IMR to the other TRP, a new capability should not be introduced. Besides, too many UE capabilities have already been introduced in Rel. 17 FeMIMO. Given these two observations, it is preferable if a UE capability is avoided for X=2 and the effective restriction is set to X=2 than X=1,2.  

Proposal 2: For two CMRs within a same CMR pair configured for NCJT measurement hypothesis to be restricted within X continuous slot(s) without DL/UL switch between two CMRs:
· Do not support UE capability for X=2
1.3 Discussions on PMI sharing method
In Rel-17 CSI reporting for NCJT, if a UE is configured with Mode 1 and X=1 or X=2, the UE is expected to report 3 or 4 PMIs, respectively. This obviously increases the CSI payload size in UCI. Thus, there could be frequent occasions wherein some part of the CSI could be dropped. In RAN1#104bis-e, it was agreed to support a 2-part CSI report in Rel-17 for a CSI reporting configuration associated with NCJT measurement hypothesis as below:
	Agreement 
A 2-part CSI report is supported in Rel-17 for a CSI reporting configuration associated with NCJT measurement hypothesis with following clarifications:
· Within CSI part 1
· CRI, RI, WB CQI and SB CQI for the first CW are reported with consistent payload and zero padding (if needed). FFS further details
· FFS whether RI can be shared between NCJT CSI and single-TRP CSIs to reduce CSI feedback overhead
· FFS whether additional field is needed, at least for Option 2
· Within CSI part 2:
· FFS further compression/omission/Sharing of PMI among Single-TRP and NCJT hypotheses



Further, it was also agreed to study whether to support PMI/RI sharing mechanisms between NCJT and sTRP CSI in RAN1#105-e [3]. It was also agreed in RAN1#103-e [1] at least ‘typeI-SinglePanel’ codebook is supported. Nevertheless, other codebook types are not precluded. In the following, we discuss the possible compression/omission/sharing of PMI among single-TRP and NCJT hypotheses by giving an example based on the Type II codebook while the same concept can be applied to ‘typeI-SinglePanel’ codebook. 
	Agreement
For Option 1 CSI reporting associated with NCJT and X single-TRP measurement hypotheses, study whether to support following PMI/RI sharing mechanisms between NCJT CSI and single-TRP CSI(s):
· Enabling/Disabling PMI, RI sharing via higher-layer configuration
· Dynamic indication of PMI, RI sharing in the CSI report
· FFS: other details
· FFS: applicable conditions/restrictions of CMR sharing among Single-TRP and NCJT hypotheses, if above PMI/RI sharing mechanism can be applied 

Agreement
For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT, [at least for multi-DCI based and single-DCI based schemes (scheme 1a)], NZP CSI-RS resources for channel measurement are associated to different TRPs/TCI states at resource level 
· CMRs corresponding to different TRPs respectively shall be configured within the same resource set (i.e. scheme 1-2) and have the same number of ports among CMRs.
· At least ‘typeI-SinglePanel’ codebook is supported 
· FFS: Other codebook types 
· Note that RAN1 shall strive to finalize NCJT CSI enhancement with single reporting setting firstly. 
· The support of larger than 32 ports across two CMRs is optional for a UE supporting Rel. 17 mTRP CSI






Consider an NCJT operation wherein  and  denote the received signal at UE’s antenna panel 1 and 2 corresponding to TRP1 and TRP2, respectively. UE’s reception is given as

                 (1)





where   and denote the precoding matrix and data vector, respectively, corresponding to the  TRP. Whereas, the channel matrix   represents the channel between the i-th TRP and j-th receive antenna panel at the UE. Moreover, denotes a noise vector associated with the j-th UE panel. 
Similarly, a UE may operate in a single-TRP mode when the channel of a particular TRP is significantly better than the other or based on other conditions such as scheduling conditions at the TRPs. In this case, the received signal from the i-th TRP can be modeled as 

                                      (2)













where ,  and  denote the channel matrix, precoding matrix and data vector, respectively, corresponding to the   TRP. From (1) and (2), it is clear that the main difference in the precoders selection for NCJT (, ) and sTRP hypotheses (, ) is the consideration of the cross-link interference channels, i.e.,  and , in the NCJT case. In other words, when the channels corresponding to the two TRPs are nearly orthogonal, i.e.,  for  wherein  denotes Frobenius norm, the PMI for sTRP hypotheses can be reused for NCJT hypothesis too. This can be considered as a full compression/omission/Sharing of PMI among Single-TRP and NCJT hypotheses. In case of the already supported codebook, i.e., ‘typeI-SinglePanel’, when the channels toward the two TRPs are orthogonal, the precoders reported for sTRP operations can be used for NCJT operation and the vice versa.  





Moreover, considering the codebook format of type II codebook as an example, i.e., , the same beam-group selector matrix  can be reported for both NCJT and single-TRP hypotheses while mitigating cross-link interference by a separately reporting for the second part (). As  corresponds to the dominant angles wherein the received power is concentrated, it doesn’t make much sense to report different PMI components for  corresponding to NCJT and single-TRP hypotheses. The above concept can also be extended to other codebook types and can be considered as partial compression/omission/Sharing of PMI among Single-TRP and NCJT hypotheses. The PMI components that could be shared by PMI reporting for single-TRP and NCJT hypotheses can be configured to the UE by higher layer configuration. This way supports flexible trade-off between CSI overhead and precoding performance. In fact, it is reasonable for the UE to dynamically decide which PMI components to be omitted/shared among single-TRP and NCJT hypotheses based on the channel and inter-TRP interference measurement. In other words, upon reporting PMIs for single-TRP and NCJT hypotheses, the UE may dynamically decide on the CSI (PMI) reporting overhead.
Proposal 3: Support full and/or partial compression/omission/Sharing of PMI among single-TRP and NCJT hypotheses.
Proposal 4: Support the dynamic variation on the level of compression/omission/Sharing of PMI and the associated payload of PMI for single-TRP and NCJT hypotheses.

1.4 Discussion on Non-PMI CSI
The following agreements were made in RAN1#104-e [4] and RAN1#106-e [3], respectively. 
	Agreement
For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT, an NCJT CSI hypothesis based on a pair of CMRs assumes to occupy two CPUs, two active NZP CSI-RS resources, and a number of active ports corresponding to both CMRs.
· If a NZP CSI-RS resource is referred X times by CMR pairs for NCJT measurement hypothesis and CMR for Single-TRP measurement hypothesis, the CSI-RS resource and the CSI-RS ports within the CSI-RS resource are counted X times for active resources and active ports.
· Note: For above CSI computation, UE assumes PDSCH transmission is single-DCI based multi-TRP scheme(s). FFS: Multi-DCI based multi-TRP scheme

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 some cases, it is computationally burdensome for UE to compute NCJT CSI. In fact, if the UE is configured with Option 1 and X=2 a UE has to compute and report 4 PMIs. When channel reciprocity is available the CSI can be computed at the gNB and non-PMI based CSI reporting can be utilized. In order to minimize the remaining specification work a non-PMI CSI reporting without higher layer parameter non-PMI-PortIndication can be adopted.  
Proposal 5: For NC-JT CSI reporting enhancement, support following
· Non-PMI CSI reporting 
· Minimize the remaining specification work by adopting Non-PMI CSI without non-PMI-PortIndication configuration. 



CSI enhancements for FDD reciprocity
The following agreements were made in RAN1#105-e [3] and RAN1#106bis-e [5] about the Rel. 17 codebook enhancement based on FDD reciprocity.
	RAN1#105-e

Agreement
For Rel-17 port selection codebook, study following Alternatives and down-select in RAN1 106e:
· Alt 1: Wf OFF and Wf ON with Mv=1 are same, and Wf is an all-one vector of length N3. Wf as an all-one vector of length 1 is not needed
· Alt 2: Wf OFF and Wf ON with Mv=1 are same, and Wf is an all-one vector of length 1, i.e., a scalar. Wf as an all-one vector of length N3 is not needed.
· Alt 3: Keep both Wf OFF and Wf ON with Mv=1.
· If PMI format is SB, Wf is an all-one vector of length N3 
· Informative note: this case is considered as “Wf ON with Mv=1” in the agreement in RAN1 104e 
· If PMI format is WB, Wf is an all-one vector of length 1, i.e., a scalar 
· Informative note: this case is considered as “Wf OFF” in the agreement in RAN1 104e
· Note: N3 = NCQISubband*R. 
· FFS: the case when no SB size is configured. 



	RAN1#106bis-e

Agreement 
With regarding to parameter combinations, following 8 parameter combinations are supported in Rel-17 PS codebook:
	M
	Alpha
	Beta

	1
	1
	1

	1
	1
	3/4

	1
	1
	1/2

	1
	3/4
	1/2

	2
	1
	3/4

	2
	1
	1/2

	2
	3/4
	1/2

	2
	1/2
	1/2


FFS: whether further restrictions/dependences for given parameter combination(s) are needed 



 
In this subsection, we first provide our views related to the remaining issues. In particular, the following open issues have been discussed. The simulation assumptions in this section are according to the agreed EVM in RAN1#102-e, which are also copied in Table 1 in the appendix A. The Rel. 16 PS T2 with paraComb = 1 is considered as reference, unless stated otherwise.
1.5 Correction for TS 38.214
The current Rel.17 TS 38.214 [6] includes the following.
	Section 5.2.2.2.7
Unchanged test is omitted
…
 vectors, , , are identified by , where  is defined as in clause 5.2.2.2.5, and where


with the indices  assigned such that  increases with .  is indicated by the index , when  and , where

· -	If , or  and ,  is not reported.
-	If  and , the nonzero offset between  and  is reported with  assuming that  (reference for the offset) is 0. The nonzero offset values are mapped to the index values of  in increasing order with offset value 1 mapped to index value '0'.

Unchanged test is omitted

Section 5.2.2.2.5
Unchanged test is omitted

· The parameter  is configured with the higher-layer parameter numberOfPMI-SubbandsPerCQI-Subband. This parameter controls the total number of precoding matrices  indicated by the PMI as a function of the number of configured subbands in csi-ReportingBand, the subband size configured by the higher-level parameter subbandSize and of the total number of PRBs in the bandwidth part according to Table 5.2.1.4-2, as follows:

Unchanged test is omitted




Based on the highlighted yellow text, 
· when M=1 (Wf is OFF),  implying Wf is an all-one vector 
·  a single (WB) precoding matrix indicated by the PMI for all SBs for the entire CSI reporting band 
 
Spec related issue: 
· N3 is defined as the total number of precoding matrices (based on the cyan text).
· If N3 >1, we can’t say “N3 precoding matrices” for M=1 since there is only one precoding matrix indicated by the PMI (cf. yellow text). 
· To correct this, the spec should say one of the following:
· A single precoding matrix is indicated by the PMI
· N3 precoding matrices indicated by the PMI, but they are the same when M=1
 
Observation 1: according to current 38.214 specification, N3 is defined as the total number of precoding matrices, which is incorrect when Wf OFF (M=1) since there is only one precoding matrix.

We therefore propose the following.

Proposal 6: When M=1, the description on  needs to be corrected according to one of the following:
· Alt1: a single precoding matrix is indicated by the PMI 
· Alt2: N3 precoding matrices indicated by the PMI, but they are the same when M=1

1.6 BWP < 24 PRBs 
In the current specification, the CSI reporting is restricted to WB CSI using Rel.15 Type I codebook when the BWP size < 24 PRBs. The reason for supporting WB only CSI is due to the fact there is no SB size supported for such small BWPs. In our view, the WB CSI reporting should be supported for Rel.17 codebook for all BWPs, both BWP < 24 and BWP >= 24 PRBs. Some rationales behind this are as follows:
· Rel.17 CB can be used for any BWP sizes since gNB performs some frequency compression via beamformed CSI-RS so that the beamformed channel is less sensitivity to frequency selectivity when compared with Rel.16 codebook. This is also corroborated by the fact that the performance gains of the Rel. 17 codebook shrink quickly with large M value.
· Rel.17 codebook with M=1 (Wf OFF) essentially corresponds to WB PMI reporting, hence, can be configured for WB CSI reporting for BWP size < 24.
· Performance gain: the UPT vs overhead trade-off comparing Rel.17 codebook and Rel.15 Type I codebook for BWP = 20 PRBs is shown in Figure 1. A large performance gain (up to 16% in avg. UPT) can be observed.
· Reduced capacity or low cost UEs: since the complexity of Rel.17 codebook (especially when Wf is OFF) is small (comparable to Rel.15 Type I), and it achieves large UPT gain, it can be quite attractive for use cases such as low cost UEs, reduced capability UEs, NR railways, or more futuristic use cases. 
· Finally, only low-resolution (Type I) codebook is supported for BWP size < 24, it is beneficial from the perspective of the overall system to also support a high-resolution (Type II) codebook for these BWP sizes. The performance gain can be large, and the CSI overhead and UE complexity are reasonable.

Observation 2: for BWP size = 20 PRBs, Rel.17 codebook can achieve up to 16% gain in avg. UPT over the current specification support (i.e. based on Rel.15 Type I codebook)

Proposal 7: support Rel.17 codebook for BWP size < 24 PRBs with the current restriction in the specification, i.e. support only WB CSI implying M=1


[bookmark: _Ref71559033]Figure 1

1.7 Parameter combinations 
Some of the remaining issues for the codebook parameters are as follows:
· #CSI-RS ports (): the maximum value of  has been agreed to be 32. Regarding the minimum  value, in our view,  should be supported in addition to {4,8,12,16,24,32}. This can be beneficial for scenarios in which the UL-DL reciprocity is strong (including the TDD scenario) and the channel has very few (1 or 2) strong clusters. Note that a 2-port beamformed codebook (Class B, K=1) is supported in LTE. 
· For  case, when , the value of  implying that only rank 1-2 CSI can be reported. Therefore,  in this case should be restricted to rank 1 or 2 only (i.e. rank 3 or 4 reporting can’t configured in this case). 

Proposal 8: Regarding Rel.17 codebook parameters,
· support 
· allowed rank (via RI-restriction-r17) can’t be 3 or 4 when  (i.e., paramCombination-r17=5) and 

Conclusion
In this contribution, the following observations and proposals are made: 

NC-JT CSI enhancements
Proposal 1: For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting settings support multiple RI candidate values X and Y for Single-TRP and Multi-TRP measurement hypotheses, respectively.
Proposal 2: For two CMRs within a same CMR pair configured for NCJT measurement hypothesis to be restricted within X continuous slot(s) without DL/UL switch between two CMRs:
· Do not support UE capability for X=2
Proposal 3: Support full and/or partial compression/omission/Sharing of PMI among single-TRP and NCJT hypotheses.
Proposal 4: Support the dynamic variation on the level of compression/omission/Sharing of PMI and the associated payload of PMI for single-TRP and NCJT hypotheses.
Proposal 5: For NC-JT CSI reporting enhancement, support following
· Non-PMI CSI reporting 
· Minimize the remaining specification work by adopting Non-PMI CSI without non-PMI-PortIndication configuration. 

FDD CSI enhancements
Observation 1: according to current 38.214 specification, N3 is defined as the total number of precoding matrices, which is incorrect when Wf OFF (M=1) since there is only one precoding matrix.
Observation 2: for BWP size = 20 PRBs, Rel.17 codebook can achieve up to 16% gain in avg. UPT over the current specification support (i.e. based on Rel.15 Type I codebook)

Proposal 6: When M=1, the description on  needs to be corrected according to one of the following:
· Alt1: a single precoding matrix is indicated by the PMI 
· Alt2: N3 precoding matrices indicated by the PMI, but they are the same when M=1
Proposal 7: support Rel.17 codebook for BWP size < 24 PRBs with the current restriction in the specification, i.e. support only WB CSI implying M=1
Proposal 8: Regarding Rel.17 codebook parameters,
· support 
· allowed rank (via RI-restriction-r17) can’t be 3 or 4 when  (i.e., paramCombination-r17=5) and 
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[bookmark: _Ref54212124]Table 1: Simulation assumptions for FDD reciprocity
	Parameter
	Value

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

	Multiple access 
	OFDMA 

	Scenario
	Dense Urban (Macro only)

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

	Inter-BS distance
	200m 

	Reciprocity model
	Based on Section 5.3 of TR 36.897, to generate FDD DL and UL channels

	Antenna setup and port layouts at gNB
	16 ports: (8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ

	Antenna setup and port layouts at UE
	2RX: (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ for (rank 1,2) 

	BS Tx power 
	44 dBm for 20MHz

	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 with 15kHz SCS

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

	MIMO scheme
	SU/MU-MIMO, rank 1 only

	MIMO layers
	Up to 4 layers

	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 
	CSI-RS, DMRS

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	Traffic load (Resource utilization)
	70% for SU/MU-MIMO, rank 1 only

	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
	User throughput vs CSI feedback overhead 

	Baseline for performance evaluation
	Rel-16 regular and PS eTypeII codebooks

	SRS modeling for UL channel estimation
	SRS periodicity with 5ms
SRS error modeling in Table A.1-2 in 36.897 with Δ=9
BW: same as CSI-RS
Number of ports = 2
Tx power = 23 dBm

	FDD DL/UL calibration error model at gNB
	
According to R1-144943, with amplitude error (expressed in decibel of ) 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 at time, and constant per 4 PRB at frequency.



WB CSI, 20 PRBs

R17, TypeII, K1=4,8,12,16,24,32, beta=1/2	20	46	67	86	120	145	1.0235348407937239	1.1037378864790031	1.1379787724965389	1.1602215043839408	1.1629903091832026	1.1637286571296723	R15, TypeI	18	1	Overhead (#bits)


Avg. UPT gain
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