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1. Introduction
As agreed in 3GPP TSG RAN Meeting #86, further enhancement on CSI measurement and reporting is one of NR MIMO objectives in Rel-17 [1]. So far, the following pertinent agreements on that are achieved: 
Agreement
For PS codebook enhancements utilization DL/UL reciprocity of angle and/or delay, support codebook structure W=W1W2 WfH where 
· W1 is a free selection matrix, with identity matrix as special configuration
· FFS polarization-common/specific selection
· Wf is a DFT based compression matrix in which N3 = NCQISubband*R and Mv>=1
· At least one value of Mv>1 is supported
· Decide on the value(s) of Mv, e.g. Mv=2,  in RAN1# 104bis-e
· Working assumption:  Support of Mv>1 is a UE optional feature if the UE supports Rel-17 PS codebook enhancement, taking into account UE complexity related to codebook parameters
· FFS candidate value(s)  of R, mechanism for configuring/indicating to the UE and/or mechanism for selecting/reporting by UE for Wf
· Wf can be turned off by gNB. When turned off, Wf  is an all-one vector (FFS; the length of all-one vector)
· FFS other signaling/CSI reporting mechanism for trade-off among signaling overhead, UE complexity and UPT gain

Agreement
For PS codebook enhancements utilization DL/UL reciprocity of angle and/or delay, 
· Alt 3-0, i.e. W1 ∈ N^{PCSI-RS  × K1} (K1 ≤ PCSI-RS ) is a port selection matrix in order to freely select K1 ports out of PCSI-RS CSI-RS ports or K1/2 ports out of PCSI-RS/2 CSI-RS ports 
· Note that PCSI-RS is the number of CSI-RS ports for port selection (whose value depends on the outcome of the CSI-RS related study).  

Agreement
For PS codebook enhancements utilization DL/UL reciprocity of angle and/or delay, study following options (or combinations) for CSI-RS configurations associated with Rel-17 PS codebook for supporting low CSI-RS overhead and/or CSI-RS processing complexity considering the impact on UPT performance under realistic CSI-RS measurement:  
· Option 0: No further CSI-RS enhancement as the baseline
· Option 1: Support configuring a lower CSI-RS density per CSI-RS resource, e.g. 0.25
· Option 2: Support configuring one or multiple CSI-RS patterns per CSI-RS resource associated with Rel-17 PS codebook 
· Option 3:Support configuring multiple CSI-RS resources per CSI reporting configuration associated with Rel-17 PS codebook 

Agreement
For CSI measurement associated to a reporting setting CSI-ReportConfig for NCJT, the UE can be configured with Ks ≥ 2 NZP CSI-RS resources in a CSI-RS resource set for CMR and N ≥ 1 NZP CSI-RS resource pairs whereas each pair is used for a NCJT measurement hypothesis 
· Configure UE with two CMR groups with Ks = K1+K2 CMRs. CMR pairs are determined from two CMR groups by following method(s). 
· K1 and K2 are the number of CMRs in two groups respectively. FFS K1=K2 or different K1/K2.
· Note that CMRs in each CMR group can be used for both NCJT and Single-TRP measurement hypotheses
· N CMR pairs are higher-layer configured by selecting from all possible pairs
· signalling mechanism can be discussed further, e.g. using a bitmap
· FFS: Whether MAC-CE or RRC+MAC CE indication is needed
· FFS: how to support NCJT measurement hypotheses in FR2
· Support N=1 and Ks =2, FFS other maximal values of N>1 and Ks>2  
· Note: for CPU/resource/port occupation, NCJT hypothesis is considered separately from single TRP hypothesis

Agreement
· Strive to agree at most one of the following options, if needed 
· Option 1: Confirm the Working Assumption from RAN1 103e. 
· Option 2: The UE can be expected to report one RI, one PMI, one LI and one CQI per TRP, up to 2 TRPs, for Multi-DCI based NCJT
· The time of decision is RAN1#105e (May 2021)

Agreement
For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, support following two options:
· Option 1: the UE can be configured to report X CSIs associated with single-TRP measurement hypotheses and one CSI associated with NCJT measurement hypothesis
· X = 0, 1, 2
· If X=2, two CSIs are associated with two different single-TRP measurement hypotheses with CMRs from different CMR groups
· Support of X=1,2 is UE optional for the UE supporting option 1
· FFS omission of CSI associated with NCJT measurement hypothesis
· Option 2: the UE can be configured to report one CSI associated with the best one among NCJT and single-TRP measurement hypotheses
· FFS how to report recommended measurement hypothesis associated with that CSI report
In this contribution, we will discuss the enhancement of CSI measurement and reporting for M-TRP and FDD reciprocity.  
2. Discussions
FR1 FDD reciprocity
The first open issue is whether the Rel-17 shall support polarization-common selection or polarization-specific selection. Considering the fact that the instantaneous channels of dual polarization are independent, it seems natural to support polarization specific port selection. On the other hand, polarization common selection could save more overhead with the cost of performance loss. SLS evaluation results show that polarization-common selection and specific selection have similar performance-overhead tradeoff, which are shown in Figure 1, where . Furthermore, in our view, there is no need to apply restriction on the number of ports to be selected for each polarization, and we shall allow UE to select  NZC out of  ports freely. Thus, polarization-common port selection method following the Rel-16 behavior is preferred. 
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Figure 1 Comparison of polarization-specific/common selection
Observation 1: Polarization-common and polarization-specific have similar performance-overhead trade-off.
Proposal 1: Support Polarization-common selection for Rel-17 PS.
The second issue is whether supporting M > 1 shall be a UE mandatory feature. In our view, the case of M > 1 unlikely outperforms the case of M = 1 in scenarios with perfect reciprocity. The gNB may configure up to 32 CSI-RS ports for M= 1. But our simulations show that even Pcsi > 32 does not improve the tradeoff between performance and overhead. Another benefit is M > 1 could save CSI-RS overhead. Since there exist multiple solutions that can address the CSI-RS overhead issue in another agreement, there is no need to consider this issue in codebook structure design. Therefore, M = 1 can support basic functionality for Rel-17.
The third FFS is the R value (number of PMI subband per CQI subband), which determines the granularity of . Basically, R = 1 or R = 2 can be supported by following the Rel-16 codebook. Our evaluation results show that R = 4 in M = 1 can provided ~2% gain. Thus, RB level granularity can be considered for Rel-17.
Regarding M = 1, specification of R value is not essential. Granularity are implemented at both gNB and UE side and there is no R value defined in , or  is all one vector in . A related FFS is the length of  (or N3) when gNB turn off the .  As discussed above, the number of 1s is not critical for this case and the performance do not degrade for any value of . 
Regarding the mechanism of  reporting/configuration discussion:
	Proposal 5: Study following mechanisms, 
· With regarding to mechanism of configuring/indicating Wf to the UE (if supported)
· Option 1: The FD bases used for Wf quantitation are limited within a single window with size N and initial point Minitial, which can be fixed/configured/indicated by gNB. 
· FFS: whether/how to support more than one windows
· FFS: candidate values and value ranges for N, Minitial, including whether Minitial can be fixed to be, e.g. 0
· FFS: signaling mechanism by MAC-CE or RRC or hybrid
· FFS: The number of CSI-RS ports and the value of Mv is jointly configured per codebook parameter combination 
· Other enhancements are not excluded. 
· With regarding to mechanism of selecting/reporting Wf to the gNB (if supported)
· Option 1: UE selects all FD components configured/indicated by the NW without reporting them
· Option 2: UE selects and reports the index of  components within a window of size N
· Other enhancements are not excluded. 


When M = 1,  is fixed to an all-one vector and is not reported in Rel-16. In case of M > 1 with delay ambiguity, the power of channel may be around a target FD basis. It make sense to restrict   within a window, which is similar to that the UE reports  in a restricted window around FD basis 0. The gNB could configure a small window size for M > 1 follow Rel-16, where .
According to the discussion in last meeting,  may be fixed/reported/configured/indicated. In our view, the  shall be jointly discussed with the FD base of strongest coefficients aligned all layer (). However, fixing/configuring/reporting of  (if supported) is absent at this stage. It is unclear the assumption of  is common understanding or not. In Rel-16,   is reported, specifically,  is reported and  (which is equivalent to  and  is reported). Fixing of  was also discussed in Rel-16 shortly, for example,  and . The trade-off of throughput and overhead is quite similar compared with  reporting. On the configuring, we do not see the benefit. Supporting M > 1 and window-based scheme is designed for weak reciprocity, reporting  is more robust. For overhead, window-size is quite small, e.g., N = 2/4, only 1 or 2 bits are required to report  or . Particularly, we doubt  is good solution. For Rel-16, power delay profile is SC-symmetry. The consequence of  is half of NZCs may be dropped by UE. In Rel-17 for weak reciprocity, gNB may not guarantee the strongest coefficient of all layers to be the first arriving path. Therefore, it is preferable to leave sufficient flexibility for UE to accommodate channel coefficients as much as possible.
From reporting perspective, UE could always shift SCI to zero and report  follow Rel-16 rule, no matter where is the configured window or set. We do not see the reason of mandating UE to use the configured window for  reporting. At least, UE shall report  if is fixed/configured (which is identical to report  in Rel-16) since  maybe non-zero. In our view, configuring  as a window before cyclic shift is more straightforward than configuring. 
In conclusion, we do not support configuring. Reporting  as Rel-16 is preferred. Meanwhile, reporting  following Rel-16 shall be the baseline. We prefer to finalize quantization scheme first. Regarding to the window size, we prefer to support  for simplicity. 
Based on the discussion above, we made proposal:
Proposal 2: For , consider
· For M = 1, is fixed all-one vector and not reported
· For M> 1,  , i.e.,  comprises M consecutive FD vectors 

Unlike Rel-16 regular codebook, the gNB may beamform CSI-RS UE-specifically to exploit angular and delay reciprocity. It’s desired to reduce overhead of UE-specific CSI-RS resource. Option 1 is a simple solution for the purpose of CSI-RS overhead reduction. In addition to option 1, option 2 and option 3 provide more flexibility that CSI-RS for each group of ports has different comb-offset.  For example, for a 32-port CSI-RS resource with 4 CDM groups, we can associate each CDM group with its comb-offset 0-3. As shown in our evaluation results, 0.25 density CSI-RS does not degrade the performance (about 2%) if granularity and channel estimation error are taken into account. Option 2 and option 3 provide similar functionality but option 2 has slightly less spec impact than option 3. 
Proposal 3: Support 0.25 density CSI-RS for Rel-17 codebook
CSI enhancement for M-TRP
· CSI measurement for NC-JT
It was agreed that two CMR groups can be configured for single TRP and NC-JT based CSI measurement. For FR1, it is clear that Ks=2 CMRs and N=1 NC-JT measurement hypothesis is sufficient. For FR2, it is possible to configure multiple CMR pairs for NC-JT by higher layer to measure the CSI for different beam pairs between TRPs. However, based on enhanced beam group reporting agreed in 8.1.2.3, UE can report N=1/2 beam groups with two CMRs(beams) in each group which can be received simultaneously. With this enhancement, gNB can acquire the best beam groups via L1-RSRP/SINR reporting. It is not necessary for UE to further report CSIs for different beam pairs. The calculation complexity, CSI-RS resources/ports overhead and occupied CPUs for CSI report are significantly higher than those of beam reporting. 
If RAN1 allows larger values of Ks and N for additional flexibility, the maximal value of Ks and N should consider the conclusion in 8.1.2.3. Currently, UE can report N=1 or 2 beam groups with two CMRs in each group which can be received simultaneously. The CMR groups for CSI measurement for NCJT should be configured based on the reported CMR/beam groups. Hence, the maximal value of N and Ks can be Nmax= 2 and Ks,max= 4 if no additional value is agreed in 8.1.2.3. For single TRP transmission, Rel-15/16 beam reporting can be reused to report the best beam(s) and corresponding CSI measurement can be configured. Furthermore, the use case to support different values for K1 and K2 is unclear, considering the beams are reported in pair in FR2. If the CSI feedback for NC-JT is based on the beam group reporting, an implicit CMR pairing between CMR groups (e.g. one to one mapping) is sufficient to support measurement for NC-JT hypothesis. The CMRs for NC-JT measurement can also be reused for measurement for single TRP transmission to avoid additional measurement and configuration. 
For single-TRP measurement hypothesis, UE needs to measure CSI similar to Rel-15/16, and one CPU will be occupied by each measurement based on a CMR. For NC-JT measurement hypothesis, UE needs to measure CSI based on two CMRs and IMRs, so as to occupy two CPUs for each NCJT measurement hypothesis. Hence, if Ks CMRs are configured in a CSI-RS resource set, with N NC-JT measurement hypothesizes, (2N+Ks) CPUs should be counted for the CSI report, with Ks CPUs for single-TRP measurement hypothesis and 2N CPUs for NCJT measurement hypothesis.
Proposal 4: For CSI measurement associated to single CSI reporting setting for NCJT,
· It is preferred to support only Ks=2 CMRs and N=1 for FR1 and FR2. Whether CRI is needed depends on the configured reporting mechanism.
· If Ks>2 CMRs is supported in a CSI-RS resource set, the maximal value of N and Ks are Nmax= 2 and Ks,max= 4.
· If Ks>2 CMRs is supported in a CSI-RS resource set, support K1=K2 only and implicit CMR pairing between CMR groups for NC-JT measurement.
· If Ks CMRs are configured in a CSI-RS resource set, (2N+Ks) CPUs are counted for the CSI report (Ks CPUs for single-TRP and 2N CPUs for NCJT measurement hypothesis).
· CSI report for Option 2
It is FFS how to report the recommended measurement hypothesis between single TRP transmission and NC-JT transmission. Since the content of CSI report is depended on the recommended measurement hypothesis, it is straightforward that the information should be reported in CSI part 1 whose payload is fixed. 
· If single TRP measurement hypothesis is reported, the CSI report is similar to Rel-15 for type 1 codebook, e.g. CRI, RI, CQI for first CW are reported in CSI part 1, while PMI and possible second CQI are reported in CSI part 2. 
·  If NC-JT measurement hypothesis is reported, at least two RIs, two PMIs need to be reported. The RIs should be reported in CSI part 1, since it will determine the payload of PMIs and possible CQI in CSI part2.
Considering the number of RI and PMI is depended on the reported hypothesis, and the payload of CSI part 1 should be fixed, two RIs or one RI indicating one or two rank values need to be included in CSI part 1 of CSI report for option 2. If single TRP measurement hypothesis is reported, one of the RIs can be reserved or the RI can indicate only one value. The one or two PMIs can be report in CSI part 2, and the number is depended on the reported hypothesis. The recommended measurement hypothesis can be reported by one of three ways:
· Method 1: One bit in CSI part 1 is used to indicate the hypothesis, together with other information. The bit will determine the number of efficient RI(s) in CSI, as well as whether a CMR or a CMR pair is indicated by CRI. The payload of the CRI can be log2(max(K,N)).
· Method 2: CRI can be used to indicate the hypothesis via selecting one CMR from Ks CMRs or one CMR pair from N CMR pairs. The payload of the CRI can be log2(K+N). if one CMR from Ks CMRs is indicated, the CSI is measured based on single TRP measurement hypothesis; if one CMR pair from N CMR pairs is indicated, the CSI is measured based on NC-JT hypothesis.
· Method 3: The RI(s) can be used to indicate the hypothesis. For example, when one Rank value is reported by the RI, the CSI is measured based on single TRP measurement hypothesis; when two Rank values is reported by the RI, the CSI is based on NC-JT hypothesis. As another example, if two RIs are reported in CSI, when a specific value (e.g. RI=0) is reported in one RI, the CSI is measured based on single TRP measurement hypothesis, and only the other RI is applied. If both RIs indicate valid values, both RIs can be applied with NC-JT measurement hypothesis.
All the methods need additional 1 or 2 bits for indication of measurement hypothesis. The total overhead of different methods is similar, depended on the values of Ks and N.  They can be considered in Rel-17 after the values of Ks and N are settled.
Proposal 5: For Option 2, the recommended measurement hypothesis can be reported via one of 
· Alt.1: individual one bit, to indicate S-TRP or NC-JT measurement hypothesis
· Alt.2: CRI, to select one CMR from Ks CMRs or CMR pair from N CMR pairs
· Alt 3: RI(s), to indicate one or two rank values 
Proposal 6: For Option 2 and type 1 codebook, 
· The recommended measurement hypothesis is reported via CSI part 1
· CRI, two RIs and CQI for first CW are reported via CSI part 1. 
· One or two PMI(s) corresponding to the reported hypothesis, possible CQI for second CW are reported in CSI part 2. 
· CSI report for Option 1
For Option 1, one CSI for NC-JT measurement hypothesis and X={0,1,2} CSI(s) for single TRP measurement hypothesis can be configured. For UE supporting multiple values of X, gNB can configure UE to report different numbers of CSI via single CSI report configuration. For single TRP measurement hypothesis, Rel-15/16 CSI report mechanism can be reused. For NC-JT measurement hypothesis, at least two RI, two PMIs and one CQI can be reported. As discussed for option 2, for type 1 codebook, two RIs can be reported in CSI part 1 together with CRI and CQI for the 1st CW. Two PMIs and CQI for the 2nd  CW can be reported in CSI part 2. 
Proposal 7: For CSI for NC-JT hypothesis in the CSI report of Option 1 and type 1 codebook, 
· CRI, two RIs and CQI for first CW are reported via CSI part 1 similar to Option 2. 
· Two PMIs, possible CQI for second CW are reported in CSI part 2. 
· Enhancement for multi-DCI based M-TRP transmission
The CSI enhancement for multi-DCI based M-TRP transmission was discussed in RAN1#104 meeting, with two options to be decided in future meetings. For multi-DCI based M-TRP transmission, PDSCHs from different TRPs can be fully/partial/non-overlapped, and interference/CSI could be different for different overlapping cases. However, with non-ideal backhaul, one TRP is difficult to know the current overlapping type without information on dynamic scheduling of another TRP. Even when UE can report CSIs for different overlapping cases, it would be still difficult for gNB to apply the CSI during scheduling. Hence, any CSI enhancement for multi-DCI based M-TRP transmission should be justified, especially in non-ideal backhaul. For Option 1, the function can be fully achieved via single CSI report with above enhancement. For Option 2, two CSI report configurations with Rel-15/16 CSI can derive similar CSI report with higher flexibility. 
Proposal 8: The benefit of CSI enhancement for multi-DCI based M-TRP transmission should be justified.
3. Conclusion
In this contribution, we presented our view on CSI measurement and reporting. The following observations and proposals are provided:
Observation 1: Polarization-common and polarization-specific are similar in performance-overhead trade-off.
Proposal 1: Support Polarization-common selection for Rel-17 PS.
Proposal 2: For , consider
· For M = 1, is fixed all-one vector and not reported
· For M> 1,  , i.e.,  comprises M consecutive FD vectors 
Proposal 3: Support 0.25 density CSI-RS for Rel-17 codebook
Proposal 4: For CSI measurement associated to single CSI reporting setting for NCJT,
· It is preferred to support only Ks=2 CMRs and N=1 for FR1 and FR2. Whether CRI is needed depends on the configured reporting mechanism.
· If Ks>2 CMRs is supported in a CSI-RS resource set, the maximal value of N and Ks are Nmax= 2 and Ks,max= 4.
· If Ks>2 CMRs is supported in a CSI-RS resource set, support K1=K2 only and implicit CMR pairing between CMR groups for NC-JT measurement.
· If Ks CMRs are configured in a CSI-RS resource set, (2N+Ks) CPUs are counted for the CSI report (Ks CPUs for single-TRP and 2N CPUs for NCJT measurement hypothesis).
Proposal 5: For Option 2, the recommended measurement hypothesis can be reported via one of 
· Alt.1: individual one bit, to indicate S-TRP or NC-JT measurement hypothesis
· Alt.2: CRI, to select one CMR from Ks CMRs or CMR pair from N CMR pairs
· Alt 3: RI(s), to indicate one or two rank values 
Proposal 6: For Option 2 and type 1 codebook, 
· The recommended measurement hypothesis is reported via CSI part 1
· CRI, two RIs and CQI for first CW are reported via CSI part 1. 
· One or two PMI(s) corresponding to the reported hypothesis, possible CQI for second CW are reported in CSI part 2. 
Proposal 7: For CSI for NC-JT hypothesis in the CSI report of Option 1 and type 1 codebook, 
· CRI, two RIs and CQI for first CW are reported via CSI part 1 similar to Option 2. 
· Two PMIs, possible CQI for second CW are reported in CSI part 2. 
Proposal 8: The benefit of CSI enhancement for multi-DCI based M-TRP transmission should be justified.
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	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 

	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.
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