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1. Introduction
In 3GPP TSG RAN Meeting #86, CSI measurement and reporting has been agreed as one of NR MIMO objectives for further enhancement in Rel-17 [1], 
Enhancement on CSI measurement and reporting:
· 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
· 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

Pertinent agreements made so far are summarized here:

Agreement
Port selection codebook enhancements utilizing DL/UL reciprocity of angle and/or delay is supported in Rel-17.

Agreement
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.

Agreement
Study following alternatives, and select one or a combination of multiple alternatives for Rel-17 in RAN1#104-e:
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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

Working Assumption
For CSI measurement for multi-DCI based NCJT, down select one of following two options:
· Option 1 (Explicit): CMRs corresponding to different TRPs can be associated with different reporting settings respectively, with the same configurations between two settings except for PUCCH/PUSCH resources and CMR/IMR resources setting(s)
· Option 2 (Implicit): a single CSI reporting setting associated with each TRP where a NZP CSI-RS is configured for interference measurement from another TRP
· FFS:  how interference from CMR in the linked reporting settings in option 1 or from the NZP CSI-RS configured as IMR in option 2 is considered in CQI calculation
Following restrictions apply to both options:
· At least ‘typeI-SinglePanel’ codebook is supported 
· FFS: Other codebook types 
· Only ‘periodic’ and ‘semiPersistentOnPUCCH’ cases are supported;
· The number of ports of two CMRs associated to two reporting settings for NCJT CSI measurement are the same;
· The support of larger than 32 ports across two CMRs is optional for a UE supporting Rel. 17 mTRP CSI

Agreement
For a CSI report associated with a Multi-TRP/panel NCJT measurement hypothesis configured by single CSI reporting setting, the UE is expected to report 
· two RIs, two PMIs, two LIs and one CQI per codeword, for single-DCI based NCJT when the maximal transmission layers is less than or equal to 4
· FFS: Maximal transmission layers larger than 4
· FFS: Whether/how a subset of above reporting quantities are allowed to be configured to the UE
· FFS: whether/how to support two RIs, two PMIs, two LIs and two CQIs, for multi-DCI based NCJT 
· FFS: whether/how to support CRI(s) to be reported in a CSI 
· FFS: restrictions among reported CSI quantities, e.g. among reported RIs and PMIs
· FFS: whether/how to support non-PMI based port-selection
· FFS: whether/how to support single value of reported LI
Note that other NCJT CSI measurement/reporting enhancement for other scenarios is not precluded, e.g. for HST-SFN

Agreement
For a CSI reporting setting, support one or more of the following UE reporting mechanism: 
· Alt 1: the UE can be expected to report one CSI associated with the best single-TRP measurement hypothesis and one CSI associated with the best NCJT measurement hypothesis, if configured  
· FFS omission of CSI associated with NCJT measurement hypothesis
· Alt 2: the UE can be expected to report one CSI associated with the best one among NCJT and/or single-TRP measurement hypotheses, if configured
· FFS how to report recommended measurement hypothesis associated with that CSI report
· Alt 3:  the UE can be expected to report two CSIs associated with the two best single-TRP measurement hypotheses associated with CMRs from two TRPs and one CSI associated with the best NCJT measurement hypothesis, if configured  
· FFS omission of CSI associated with NCJT measurement hypothesis
· Whether/How to report a subset of the CSI report quantities
· FFS: CSI reporting configuration details 
Note supporting which one or more mechanisms is to be determined in RAN1#104-e

Agreement
For NCJT CSI measurement configured with single reporting setting, study following measurement resource configuration/association mechanism
· Whether/how to support interference measurement based on NZP CSI-RS given by nzp-CSI-RS-ResourcesForInterference or based on CSI-IM given by csi-IM-ResourcesForInterference
· Whether/how to interpret measurement based on CMRs associated with different TRPs/TCI states respectively for a NCJT measurement hypothesis
· CMR/IMR resource configuration restrictions/associations, e.g. for reference resource/time domain behavior/frequency domain behavior   
· Note that RAN1 shall strive for commonality of CSI measurement/reporting mechanisms for NCJT CSI measurement configured by single or two reporting settings
In this contribution, our views on the enhancement of CSI measurement and reporting for M-TRP and FDD reciprocity will be presented and corresponding proposals will be made.
2. Discussion
FR1 FDD reciprocity

The first open issue is whether we shall support polarization common or specific port selection in Rel-17. Considering that instantaneous channels of dual polarization are independent from each other, it’s natural to support polarization specific port selection. On the contrary, polarization common selection could save more overhead at the cost of performance loss. SLS evaluation was conducted to compare the performance of polarization-common and specific selection. The results are illustrated in Figure 1, where . The evaluation results show that these two mechanisms deliver similar performance-overhead tradeoff. Furthermore, in our view, there is no need to apply restriction on the number of port that can be selected for each polarization. We shall allow UE to select  NZC out of  ports freely. Alternatively, analogue to the methods of Rel-16 regular type II, 
· if M > 1 (number of FD basis per port) polarization-common selection can be reused by following beam selection; 
· if M = 1 is supported, polarization-specific selection can be reused by following NZC selection. 
Our simulation results show quite similar overhead-performance tradeoff. 
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Figure 1, Comparison of polarization-specific/common selection

Observation 1: Polarization-common and polarization-specific are similar in performance-overhead trade-off.
As in the agreement we made in last RAN1 meeting , two types of codebook are considered in our study:   or . In our view, we prefer to reuse  for Rel-17 codebook due to the following considerations. First of all, the codebook of  can be re-written in the format of  by vector operator and kronecker product. Therefore, those two types are actually equivalent. Furthermore, the codebook of  was already supported in Rel-16 while the codebook type of  has no new use case or benefit, and the motivation of   is unclear. Therefore, we prefer to reuse  for Rel-17 codebook.
In Alt 0, UE does not need to report the selection of ports for overhead reduction. Assuming combinational indicator is considered in Rel-17 by following the method of Rel-16, i.e,  , we can observe that Alt0 is just a special case in . Parameter combination in Rel-17 may involve the case of  where  is 1. We evaluated the performance of various parameter combinations considering the ratio of K1 and P. The simulation results are shown in Figure 2. It can be observed that the ratio  shows slightly better tradeoff. We assumed one SD-FD pair per port in the simulation. With multiple SD-FD pairs per port the ratio might be increased. For the same reason, UE does not need to report FD basis if , e.g.  . 
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Figure 2, combination of ()
Observation 2: Alt0 can be considered in parameter combination or UCI design.
It was discussed to support more than 32 ports CSI-RS /SD-FD pairs for performance improvement in Rel-17. In our view, supporting more than 32 ports does not offer benefits. First of all, supporting more than 32 ports/pairs CSI-RS increase computational and buffering complexity for measurement. Secondly, since CSI-RS resource is beam-formed, supporting very large number of antenna ports/pairs is inefficient. The performance gain offered by more than 32 ports/pairs is marginal. It not only increases feedback overhead but also increases UE-specific CSI-RS overhead, whicn would cause worse tradeoff. Last, it has large spec impact to extend the number of CSI-RS ports. In summary, it is not beneficial to support more than 32 CSI-RS ports/ FD pairs/ new set of number of ports/multiple CSI-RS resources associated to reporting in Rel-17. The number of ports shall follow Rel-15/16, i.e., . SLS simulation was conducted to study the performance of supporting more than 32 ports. The evaluation results are shown in Figure 3. We can observe that 32 SD-FD pairs has better performance-overhead tradeoff than 48 SD-FD pairs, where overhead of CSI-RS being even not considered. To bound the maximum number of SD-FD pairs,  or   or  is preferred.
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Figure 3, performance of supporting more than 32 ports/SD-FD pairs

Observation 3: Supporting more than 32 ports/pairs does not offer benefit in trade-off.
Proposal 1: No need to support more than 32 CSI-RS ports/SD-FD pairs in Rel-17.
One motivation of supporting multiple SD-FD pairs in one port is to reduce CSI-RS resource overhead. Various solutions were proposed in last meeting including FDM/CDM/TDM. The performance of those methods was evaluated through SLS simulation. The results are shown Figure 3. In the SLS simulation 32 ports with one SD-FD pair per port is the baseline for performance comparison. And the following methods of multiple SD-FD pairs per port were evaluated:
1. FDM4 
2. FDM2 + CDM2 
3. CDM4.
[bookmark: _GoBack]Uniformly spaced DFT vectors are considered, such that pairs are multiplexed in delay domain by cyclic shifting with the assumption maximum excess delay is smaller than  . At least M=2 works since window size in Rel-16 does not exceed N3/2. No processing gain is assumed for CSI-RS estimation (LS) in simulation. Multiple SD-FD pairs per port achieves similar performance as one-to-one mapping, about 2% loss due to less granularity.
Observation 4: Performance of one-to-one mapping and multiple SD-FD pairs per port are similar considering impact of channel estimation error and granularity.
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Figure 3, performance of multiple SD-FD pairs per port
On the other hand, from perspective of both UE and specification, each of proposed solutions is highly related with CSI-RS design. For instance, FDM is extension of lower CSI-RS density, and CDM is extension of longer OCC code. However, the CSI-RS design is irrelevant to CSI content design and we shall avoid redesigning the CSI-RS in Rel-17 as much as possible. In another example, multiple SD-FD pairs per port can be implemented by UE-specific manner. The gNB may beamform DFT 0 to UE0 and beamform DFT N3/2 to UE1 respectively, so that these two UE can share same physical resource and do not interfere each other. It’s one-to-one mapping with no spec impact.  
Observation 5: Configurable/pre-defined FD basis may reduce CSI-RS overhead.
Regarding codebook structure, Alt3-0 and Alt 3-1 are similar in our view. One possible issue is when UE select NZC, the gNB shall guarantee that the NZCs within FD window/set (for M>1) are not redundant/interfered, so that UE can select NZC freely. Besides, since N3 limits granularity of delay in  for M > 1, performance loss and more reporting overhead is expected. Alternatively, the gNB can configure small R with M = 1 to reduce number of ports. At least, M=1 shall be supported in Alt3-0/Alt3-1. Alt 3-1/3-2 and Alt 4 are similar if consider one pair as one port and one port as one group, we don’t see the motivation of applying same SD to each group since it’s up to gNB. Alt2 (M=1)/Alt 5 (M>1) seems applied 2D transformation in frequency domain ( i.e, 1D-DFT +1D-identity) such that . Therefore, it is similar to Alt3-1 but with new type of .  with dimension  re-used Rel-16 is less spec impacted and no need to define .
Based on discussion above, we prefer Alt3-0 or Alt 3-1 follow Rel-16 and made the following proposal: 
Proposal 2: Support Alt 3-0 or Alt 3-1 codebook structure for Rel-17 PS.
CSI enhancement for M-TRP
For CSI measurement associated to single reporting setting CSI-ReportConfig for NCJT, it was agreed that CMRs corresponding to different TRPs respectively are configured in the same resource set and have the same number of ports. Based on the configured CMRs and IMRs, UE can report one or more CSI based on single-TRP measurement hypothesis and/or NC-JT measurement hypothesis. For configuration of CMRs and corresponding measurements for M-TRP transmission, there can be three options:
· Option 1: Only two CMRs are configured in a CSI-RS resource set for NC-JT, each associated with one TRP. UE would measure CSI based on two single-TRP measurement hypothesizes (respectively based on two CMRs) and one NC-JT measurement hypothesis. The beams for the CMRs and PDSCH can be derived from group or non-group based beam reporting. If only the best single-TRP measurement hypothesis is reported, a CRI can be included in CSI for indication of one TRP.
· Option 2: Ks >2 CMRs can be configured in a CSI-RS resource set, and CMRs for different TRPs are associated to obtain Ks/2 pairs for NC-JT measurement. As a typical case, Ks/2 CMRs are configured for each TRP, and an implicit association can be specified between CMRs from different TRPs. For example, the CMRs can be one-by-one associated by the order in the resource set. With option 2, one CRI can be used to report the best single-TRP measurement hypothesis, while another CRI can be used to report the best NC-JT measurement hypothesis. The current CRI indication can be reused to support the report no matter which reporting mechanism is adopted. 
· Option 3: Ks >2 CMRs can be configured in a CSI-RS resource set, and any combination can be applied to CMRs for different TRPs for NC-JT measurement. With this option, assuming Ks/2 CMRs are configured for each TRP, UE needs to measure based on (Ks2/4) NC-JT measurement hypothesis and Ks single-TRP measurement hypothesis. In this case, the CSI-RS resource set is used for both beam group reporting and CSI reporting. How to indicate the best measurement hypothesis among the combinations needs further study, which needs additional enhancement on CRI indication.
Among the three options, option 3 suffers from high UE complexity (an amount of measurement based on NC-JT measurement hypothesis is needed for the CSI report) and unnecessary CPU occupancy. Considering beam reporting needs less CPUs than CSI report, it is not needed to mix beam group reporting and CSI report for M-TRP in the same CSI-RS resource set and CSI report. The inter-TRP beam group reporting mechanism is being discussed in other agenda. Only enhancement on CSI report is needed in this agenda. Hence, Option 1 is preferred among the options, which needs least CPU occupancy and standardization effort. As long as the inter-TRP beam reporting mechanism is agreed in item 2c, two CMRs are sufficient to support CSI report for M-TRP transmission. 
For single-TRP measurement hypothesis, UE needs to measure CSI similarly to Rel-15/16, and one CPU will be occupied by each measurement. For NC-JT measurement hypothesis, UE needs to measure CSI based on two CMRs and two IMRs, and derive two RIs, PMIs, two LIs (if needed) and at least one CQI per codeword. It is natural to count two CPUs for each NCJT measurement hypothesis. For the candidates of Alt 1, Alt 2 and Alt 3 for UE reporting of NC-JT, though the number of CSIs is different in different alternatives, the number of occupied CPUs is the same for different alternatives. Based on assumption of option 1 and option 2 above, if Ks CMRs are configured in a CSI-RS resource set, 2Ks CPUs should be counted for the CSI report, with Ks CPUs respectively for single-TRP measurement hypothesis and NCJT measurement hypothesis.
Proposal 3: For CSI report(s) associated to single CSI reporting setting for NCJT,
· It is preferred to support at most Ks=2 CMRs in a CSI-RS resource set. Whether CRI is needed depends on the supported UE reporting mechanism.
· If Ks>2 CMRs is supported in a CSI-RS resource set, an implicit association between CSI-RS resources is supported for NC-JT measurement.
· If Ks CMRs are configured in a CSI-RS resource set, 2Ks CPUs are counted for the CSI report (Ks CPUs respectively for single-TRP and NCJT measurement hypothesis).
In RAN1#103e meeting, three alternatives were agreed as candidates for CSI report(s) associated to single CSI reporting setting for NCJT. 
· For Alt 1, UE will report two CSIs, one associated with the best TRP and the other for NC-JT transmission. gNB can decide whether to adopt single TRP or NC-JT transmission based on reported CSI and scheduling requirement. Such a CSI report can support both DPS and NC-JT transmission. The CSI overhead will be slightly larger than the overhead of legacy CSI report with separate CSI for each TRP. Whether the performance gain is worth the increased overhead needs further evaluation. 
· For Alt 2, UE only reports one CSI associated with the best measurement hypothesis among all single-TRP measurement hypotheses and NCJT measurement hypotheses. UE can further report recommended measurement hypothesis associated with that CSI report. The overhead for CSI report is even smaller than that of legacy CSI report, which depends on the measurement hypothesis selected by UE. For example, if single TRP CSI is reported by UE, only half of CSI overhead is needed compared to separate CSI per TRP. DPS or NC-JT between two TRPs can be supported by Alt 2 with low overhead, at the cost of some scheduling flexibility.
· For Alt 3, UE will report all the CSIs based on different measurement hypotheses, two for single TRP and one for NC-JT transmission. gNB can derive full scheduling flexibility at the cost of high CSI overhead. Considering that the separate CSI for each TRP can be already reported by UE via legacy CSI report, it is recommended to only report the CSI for NC-JT transmission in Alt 3 to avoid over-high overhead for a CSI report. If all CSIs are reported in a CSI report, additional CSI omission is needed, which will also lead to loss of scheduling flexibility.
The alternatives can achieve different scheduling flexibility and CSI overhead. The calculation complexity of different alternatives is similar as analyzed in proposal 4. Considering gNB will use the transmission scheme recommended by UE in most cases, the CSI report with minimized overhead is more attractive. For Alt 2, even when gNB wants to schedule single TRP transmission in case UE recommends NC-JT transmission, gNB can still trigger CSI report for single TRP via legacy CSI report. Hence, Alt 2 is preferred as supplement to legacy CSI considering CSI overhead. 
Proposal 4: For CSI report(s) associated to single CSI reporting setting for NCJT, support at least Alt 2 considering performance and CSI overhead.
In RAN1#103e meeting, the discussion on CSI report for M-TRP transmission focuses on CSI report for single DCI based M-TRP. It is FFS whether further enhancement is needed for multi-DCI based M-TRP transmission. Multiple-DCI based M-TRP transmission is mainly applied for non-ideal backhaul. Due to the non-ideal backhaul, the TRPs do not have real-time coordination. Thus, each TRP generally does not know if one dynamically scheduled PDSCH overlaps with a PDSCH transmitted from another TRP. Therefore, any CSI enhancement for this scheme may not be actually beneficial for gNB scheduling. Hence, the CSI enhancement for M-DCI based M-TRP transmission should have lower priority than that of single DCI based. 
For multi-DCI based M-TRP transmission, the CSIs for different TRPs can be individually reported to gNB via different CSI report configurations. For example, gNB may configure 4 CSI-ReportConfig for UE to report 4 different types of CSI report:
· CSI report 1 for TRP1 without interference from TRP2, to support single TRP transmission from TRP1 or non-overlapped PDSCH transmission from TRP1 and TRP2.
· CSI report 2 for TRP1 with interference from TRP2, to support overlapped PDSCH transmission from TRP1 and TRP2. A NZP CSI-RS resource can be configured as IMR to measure the interference from TRP2. 
· CSI report 3 for TRP2 without interference from TRP1, to support single TRP transmission from TRP1 or non-overlapped PDSCH transmission from TRP1 and TRP2.
· CSI report 4 for TRP2 with interference from TRP1, to support overlapped PDSCH transmission from TRP1 and TRP2. Another NZP CSI-RS resource can be configured as IMR to measure the interference from TRP1. 
It is observed the required CSI report configurations and UCI overhead is significant to support dynamic scheduling of single TRP transmission, non-overlapped PDSCHs and overlapped PDSCHs for each TRP based on Rel-15 CSI framework. Actually, the difference between CSI report 1 and 2 or CSI report 3 and 4 is only the IMR used to measure inter-TRP interference. If UE can use one CSI report to report the CSI for all the transmission assumptions of one TRP, the number of CSI report configuration and UCI overhead can be reduced. This can be easily achieved by CSI measurement associated to single CSI reporting setting for NCJT, where multiple CMRs/IMRs for two TRPs are configured in the same CSI-RS resource set. As shown in Fig.1, the CSI with and without interference from the other TRP can be reported via one CSI report. Since the NZP CSI-RS resource for channel estimation and CSI-IM for interference measurement is the same for the two CSIs, some mechanism for UCI overhead reduction can be further studied for the joint CSI. 


Figure 4: Joint CSI reporting for S-TRP and overlapped PDSCHs
Proposal 5: CSI enhancement for multi-DCI based M-TRP transmission (including Category 2) should have low priority. If enhancement is needed, consider joint CSI report to support overlapped PDSCHs, non-overlapped PDSCHs and S-TRP.
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.
Observation 2: Alt0 can be considered in parameter combination or UCI design.
Observation 3: Supporting more than 32 ports/pairs does not offer benefit in trade-off.
Observation 4: Performance of one-to-one mapping and multiple SD-FD pairs per port are similar considering impact of channel estimation error and granularity.
Observation 5: Configurable/pre-defined FD basis may reduce CSI-RS overhead.
Proposal 1: No need to support more than 32 CSI-RS ports/SD-FD pairs in Rel-17.
Proposal 2: Support codebook structure Alt 3-0 or Alt 3-1 for Rel-17 PS.
Proposal 3: For CSI report(s) associated to single CSI reporting setting for NCJT,
· It is preferred to support at most Ks=2 CMRs in a CSI-RS resource set. Whether CRI is needed depends on the supported UE reporting mechanism.
· If Ks>2 CMRs is supported in a CSI-RS resource set, an implicit association between CSI-RS resources is supported for NC-JT measurement.
· If Ks CMRs are configured in a CSI-RS resource set, 2Ks CPUs are counted for the CSI report (Ks CPUs respectively for single-TRP and NCJT measurement hypothesis).
Proposal 4: For CSI report(s) associated to single CSI reporting setting for NCJT, support at least Alt 2 considering performance and CSI overhead.
Proposal 5: CSI enhancement for multi-DCI based M-TRP transmission (including Category 2) should have low priority. If enhancement is needed, consider joint CSI report to support overlapped PDSCHs, non-overlapped PDSCHs and S-TRP.
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Appendix 2

	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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Alt 3 , Alt 4 , and Alt5 :   Based on    𝐖 = 𝐖 𝟏 𝐖 𝟐 𝐖 𝐟 𝐇 ,    study following detailed design of matrices    𝐖 𝟏   and    𝐖 𝐟   , at least for rank 1.      Alt3:  𝐖 𝟏 ∈ ℕ   P CSI − RS × K 1 ( K 1 ≤   P CSI − RS )   is a port selection matrix in order to freely select  K 1   ports  out of  P CSI − RS   CSI - RS ports or   K 1 2   ports out of  P CSI − RS 2   CSI - RS ports    (FFS polarization - common/specific selection)  whereas each column of   𝐖 𝟏   has only one element of “1 ”   o   Alt3 - 0 (one SD - FD /SD   pair per port): 𝐖 𝐟 ∈ C N 3 ×   M v (   M v   ≤ N 3 )   is a DFT based compression  matrix  (FFS: configured/indicated to the UE and/or selected/reported by the UE) ,  whereas  N 3   = N CQISubband *R and    𝐌 𝐯 ≥ 1 .    o   Alt3 - 1 (Multi - SD - FD  pairs per port): 𝐖 𝐟 ∈ C N 3 ×   M v (   M v ≤ N , N   ≤ N 3 )   is a DFT matrix  selected by the UE from N pre - configured/pre - defined DFT vectors ,  whereas  N 3   =  N CQISubband *R and    𝐌 𝐯 ≥ 1 .       FFS the mechanism of conveying  SD - FD beamforming bases   using CSI - RS ports      Note that    M v = N   is not excluded by gNB/codebook configuration.    o   Alt3 - 2  (Multi - SD - FD /SD   pairs per port):   𝐖 𝐟 ∈ ℕ K 3 × M ( M ≤ K 3 )   is a   selection matrix in  order to select M SD - FD basis whereas  each column of   𝐖 𝐟   has only one element of “1”,       FFS the mechanism of conveying SD - FD beamforming bases using CSI - RS ports      N ote that  𝐖 𝐟   can be an identity matrix  
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   Alt4 :  𝐖 𝟏 ∈ ℕ   P group × K 4   ( K 4   ≤   P group )   is a port - group selection  matrix   to  freely  select  K 4   groups  out of   P group   port group s or  K 4 / 2    groups  out of   P group / 2   port group s   (FFS polarization - common/specific selection)   whereas  P CSI − RS   CSI - RS ports in a resource are divided into  P group   group s   with  K 5   ports per group, and each port group corresponding to the same SD basis   o     𝐖 𝐟 ∈ ℕ K 5 × M ( M ≤ K 5 )   is  a  selection  matrix  to select the same M ports across all port groups  each column of   𝐖 𝐟   has only one element of “1” .       Alt5:  𝐖 𝟏 ∈ ℕ   P SD − FD × K 2 ( K 2 ≤   P SD − FD   =   O f P CSI − RS , , O f ≥ 1 )   is a SD - FD  basis  selection  matrix  in  order  to  freely  select    K 2   bases out of  P SD − FD   bases or   K 2 2   bases out of   P SD − FD 2   bases (FFS  polarization - common/specific selection) whereas each column of   𝐖 𝟏   has only one element of “1”   o   𝐖 𝐟 ∈ C N 3 ×   M v (   M v ≤ N , N   ≤ N 3 )   is a DFT based compression matrix (FFS:  configured/indicated to the UE and/or selected/reported by the UE) ,  whereas  N 3   =  N CQISubband *R and    𝐌 𝐯 ≥ 1 .   o   FFS the mechanism of conveying SD - FD beamforming bases using CSI - RS ports  
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Alt 0 :  Based on    𝐖 = 𝐖 𝟏 𝐖 𝟐   or     𝐖 = 𝐖 𝟏 𝐖 𝟐 𝐖 𝐟 ,    𝐖 𝟏   can be an identity  matrix  
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Alt 1 and  Alt 2 :   Based on    𝐖 = 𝐖 𝟏 𝐖 𝟐 ,    study following detailed design of matrices   𝐖 𝟏 ,   at least for rank 1.      Alt 1:  𝐖 𝟏 ∈ ℕ   P CSI − RS × K 1 ( K 1 ≤   P CSI − RS )   is a port selection matrix  in order to freely select  K 1   ports  out of  P CSI − RS   CSI - RS ports or   K 1 2   ports out of   P CSI − RS 2   CSI - RS ports   (FFS polarization - common/specific selection) whereas each column of   𝐖 𝟏   has only one element of “1”      Alt2 :  𝐖 𝟏 ∈ ℕ   P SD − FD × K 2 ( K 2 ≤   P SD − FD   =   O f P CSI − RS , , O f ≥ 1 )   is a SD - FD  basis  selection  matrix  in  order  to  freely  select    K 2   bases out of  P SD − FD   bases or   K 2 2   bases out of   P SD − FD 2   bases  (FFS  polarization - common/specific selection) whereas each column of   𝐖 𝟏   has only one element of “1”   o   FFS the mechanism of conveying  SD - FD beamforming bases   using CSI - RS ports  


