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	Agreements:
· CSI-RS supports the DL Tx beam sweeping and UE Rx beam sweeping
· NOTE: CSI-RS can be used in P1, P2, P3
· NR CSI-RS supports the following mapping structure
· […]
· This mapping structure can be used for supporting multiple panels/Tx chains
· Options to map CSI-RS for Tx and Rx beam sweeping for further study
· Option 1: 
· Tx beam(s) are same across sub-time units within each time unit
· Tx beam(s) are different across time units
· Option 2:
· Tx beam(s) are different across sub-time units within each time unit
· Tx beam(s) are same across time units
· Option 3: combination of Alt1 and Alt2:
· Within one time unit, Tx beam(s) are same across sub-time units.
· Within another time unit, Tx beam(s) are different across sub-time units.
· FFS combination of the different time units in terms of e.g., number and periodicity
· Note that only Tx sweeping or Rx sweeping is also a possibility
· Other options are not precluded.
· FFS: how to capture “same beam” and “different beam” in spec
· FFS: Whether the above mapping structure is configured with one or multiple CSI-RS resource configurations

Agreements:
· Confirm the WA of CSI-RS for Beam Management in RAN1 #88bis (copied below).
· For CSI-RS for Beam Management, NR supports sub-time units equal to and smaller than an OFDM symbol in a reference numerology
· FFS details including configurability, e.g., taking into account UE implementation complexity/capability and impact on CSI-RS design 
· FFS the case of time unit larger than an OFDM symbol in a reference numerology
· E.g., 
· Opt-1: IFDMA 
· Opt-2: Larger subcarrier spacing 
· Opt-3: DFT-based
· Down-select from the below options when sub-time unit smaller than an OFDM symbol in a reference numerology:
· Opt-1: IFDMA 
· Opt-2: Larger subcarrier spacing 
· Opt-3: DFT-based 
· Note: for beam management, the reference numerology for a bandwidth part is determined based on the UE-specific configuration for the bandwidth part

Agreements:
· NR supports CSI-RS configuration to support Tx and/or Rx beam sweeping for beam management conveying at least the following information
· Information related to CSI-RS resource configuration
· E.g., CSI-RS RE pattern, number of CSI-RS antenna ports, CSI-RS periodicity (if applicable) etc.
· Information related to number of CSI-RS resources 
· Information related to number of time-domain repetitions (if any) associated with each CSI-RS resource
· FFS: details of time-domain repetitions, e.g., signaling for time-domain repetitions may not be explicit
· FFS signaling details, e.g., explicit indication vs implicit indication
· Note this does not imply particular option (IFDMA or subcarrier scaling or DFT based) for sub time unit partition 
FFS: whether different sub-time units have same or different ports


In this contribution, we discuss principles of designing CSI reference signals and procedures for beam management.
CSI-RS pattern for beam management
At RAN1#89 meeting, it was agreed that “for CSI-RS for beam management, NR supports sub-time units equal to and smaller than an OFDM symbol in a reference numerology”. The motivation of supporting one sub-time unit (STU) smaller than an OFDM symbol is to achieve fast beam sweeping within one symbol, especially when a large number of analog beams need to be swept. To simplify the CSI-RS design while making sufficient network flexibility to support both separate and joint procedure of beam management and CSI acquisition, strive to reuse the CSI-RS pattern for CSI acquisition is preferred.
Sub-time units equal to an OFDM symbol
In cases of sweeping a small number of analog beams, sub-time units can take an OFDM symbol. If using CRI as the beam-related feedback, multiple CSI-RS resources can be configured within one time unit (TU), with each specific beam mapped to one resource. In this case, for a single polarized antennas, 1-port CSI-RS is applied, while for cross-polarized antennas the agreed 2-port CSI-RS pattern (2, 1) can be reused. Taking 2 ports for example, the multiplexing of these CSI-RS resources can be TDMed or FDMed, as shown in Figure 1, depending on how the beams are generated. 
[image: ]
Figure 1. Multiplexing of 2-port CSI-RS resources in one TU
Proposal 1: When sub-time units equal to an OFDM symbol, reuse the 1-port and 2-port CSI-RS patterns agreed for CSI acquisition.
Sub-time units smaller than an OFDM symbol
For sub-time units smaller than an OFDM symbol in a reference numerology, the following candidate schemes were proposed in order to reduce beam management overhead and latency, i.e.
· Opt-1: IFDMA 
· Opt-2: Larger subcarrier spacing (SCS)
· Opt-3: DFT-based 
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Figure 2. a) Option 1 (IFDMA); b) Option 2 (larger SCS)
· In option 1 (IFDMA), as shown in Figure 1(a), one TU can take one OFDM symbol. The same Tx beam is used across STUs, and UE switches Rx beam over the repetitions within one OFDM symbol. Therefore, option 1 is used for fast Rx beam sweeping in P1 and P3. However, this scheme requires the capability for faster beam sweeping at UE side than the network side, which is not reasonable and prevents UE with lower capability to achieve fast beam sweeping. In addition, as the number of antennas is potentially much larger at the network side than the UE side, the key issues is how to reduce the overhead and latency of Tx beam sweeping, not the Rx beam sweeping. The IFDMA option cannot fulfill fast Tx beam sweeping within one OFDM symbol in P1 and P2. Unless this issue is resolved, IFDMA is not a preferred option. 
· In option 2 (larger SCS), as shown in Figure 1(b), a CP exists between adjacent STUs, which enables flexible Tx or Rx beam switching between STUs in one OFDM symbol for all beam management procedures (P1, P2 and P3). Another advantage of larger SCS scheme compared with option 1 is the possibility of reusing the CSI-RS patterns agreed for CSI acquisition, e.g., 1-port, 2-port CSI-RS patterns. The main concern from some companies on this scheme is that the CP is reduced and thus more inter-symbol interference (ISI) may be introduced. However, for L1-RSRP measurement, the accuracy could still be acceptable. Even for the CSI report (e.g., RI/PMI/CQI), the network could flexibly configure the value of subcarrier spacing according to the delay spread of the channel. When the delay spread is too long to consider a larger SCS, the same SCS as reference numerology can be configured for CSI-RS transmission.
In order to reduce configuration overhead, sub-symbol-time transmission of CSI-RSs should follow similar patterns as CSI-RS transmissions at the reference numerology, except that the associated beam sweeping is scaled over time/frequency. Therefore, the configuration messages are similar, except that parameters for scaling and possibly offset values in time/frequency with respect to allocated REs in the reference numerology should be signalled. An example is illustrated in Figure 3 where four 2-port CSI-RS resources are used at two sub-TUs, each supposedly through a different beam. Patterns remain identical, but they are scaled in time and frequency.
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Figure 3. An example of adopting larger SCS for the purpose of sub-symbol-time CSI-RS transmission 
If IFDMA needs to be supported as well as larger SCS, configuring a guard period (e.g., a last part of one repetition, or some zero-power signals) between repetitions should be considered to realize time-domain Tx beam sweeping. Option 3 considers using DFT operation to generate some zero-power signals between repetitions but the mapping from post-DFT signal to frequency-domain REs is not in comb-like, which complicates the pattern design to be considered for CSI-RS. Therefore, the combination of DFT and IFDMA can be considered if comb-type CSI-RS pattern is to be supported as well, namely, DFT-based IFDMA. Details are illustrated in Appendix A. The length of the guard period is configurable according to the requirement of beam switching latency. When the length is configured to zero, it falls back to the traditional IFDMA.
Observation 1: Larger subcarrier spacing (options 2) has less impact on the progress of CSI-RS design.
Observation 2: The combination of DFT and IFDMA can be considered if comb-type CSI-RS pattern is to be supported as well as larger subcarrier spacing.
Proposal 2: When sub-time units are smaller than an OFDM symbol, support option 2 (larger subcarrier spacing) and reusing the 1-port and 2-port CSI-RS patterns agreed for CSI acquisition.
Proposal 3: For option 2 (larger subcarrier spacing), support additional signalling indicating time/frequency scaling and possibly the time/frequency offset of the allocated REs with respect to the allocated REs at a reference numerology.
Configuration of CSI-RS for beam management procedures
To achieve a flexible number of symbols for CSI-RS, control of signaling overhead needs to be considered. The candidate symbols for CSI-RS can be signaled in high layers (e.g., L2/3). As illustrated in Figure 4, such configuration may consist of starting positions, counting/mapping rules (backward or forward). The number of symbols in which the CSI-RS resources of the current transmission occupy can be further selected from the high-layer configured CSI-RS symbols and the number of spanned symbols dynamically indicated in lower layers (e.g., L1/2). Consequently, the CSI-RS resources can then be configured within the symbols indicated by the starting position, the mapping rule (e.g., backward), and the number of spanned symbols, in a joint manner. 
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Figure 4. Examples for two-level configuration on CSI-RS symbols
Proposal 4: Support a flexible number of symbols for CSI-RS by utilizing a combination of high-layer configuration and dynamic indication. 
To support various beam management procedures (P1, P2, P3), a unified configuration of CSI-RS is proposed [4] including the number of TUs within one beam sweeping period, the sweeping type, the configuration of CSI-RS resource(s) within each TU. At RAN1#89 meeting, it was agreed to configure at least following information to support Tx and/or Rx beam sweeping. 
· Information related to CSI-RS resource configuration, e.g., CSI-RS RE pattern, number of CSI-RS antenna ports, CSI-RS periodicity (if applicable) etc.
· Information related to number of CSI-RS resources 
· Information related to number of time-domain repetitions (if any) associated with each CSI-RS resource
In one beam sweeping period, more than one TUs exist in P1, with the same number as Tx or Rx beams to be swept, while P2 and P3 only have one TU with fixed Rx or Tx beam respectively. The first two information shown above is the configuration of CSI-RS resources in the first TU of P1, or the TU in P2 and P3 in one beam sweeping period. These CSI-RS resources can be configured in FDM or TDM manner, with the pattern design as discussed in section 2.1. The CSI-RS in the following TUs of P1 can be viewed as the time-domain repetitions of each resource in the first TU. Therefore, the third information can be viewed as how many TUs are configured in one beam sweeping period. In terms of the relationship between the time-domain repetitions, if these repetitions are consecutive and contained in the same slot, explicit signaling is not required. Otherwise, some explicit information is needed, e.g. separate configuration of CSI-RS resources in the remaining TUs, time-domain gap between two adjacent TUs in terms of number of symbols or slots. 
Besides of the agreed three information, to support both Tx and Rx beam sweeping in one TU, whether the same or different Tx beams are transmitted across STUs in one TU should be indicated to UE. Two types of sweeping behavior can be defined:
· TU-TXS: Tx beams are different within one TU;
· TU-RXS: Tx beams are the same within one TU.
TU-TXS can be used for Tx beam sweeping within one TU, and TU-RXS can be used for Rx beam sweeping within one TU. Therefore, either sweeping type within one TU or QCL relationship among the CSI-RS resources configured in one TU needs to be additionally supported. 
After initial access, multiple beam pair links (BPLs) will likely be maintained for robustness. To remove the ambiguity for which BPL is to be refined/adjusted, and to allow a UE to select the corresponding receive beam, it would be beneficial to indicate which BPL the current CSI-RS transmission is to be used for. This is illustrated in Figure 5. The BPL information can be the reported information indicating the gNB Tx beams with which the UE can infer the corresponding Rx beam. Alternatively, the BPL information can be the reported information indicating the UE Rx beam set, as it may be included in beam reporting (agreed in RAN1#88). In this way, indexing/indication of BPL can be used to accommodate the cases both with and without information indicating UE Rx beam set in beam reporting. 
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Figure 5. Example of indication of BPL information
Proposal 5: To configure CSI-RS for beam management, additional information to be supported includes sweeping type or QCL relationship among the CSI-RS resources in one TU, beam pair link information (for assisting UE-side beamforming).
In a multi-stage configuration, some of the parameters can be signaled at one stage while others are signaled in a second stage, potentially by a lower layer and with shorter periodicity. For example, the network may choose to configure sweeping periods of different type while leaving the number of CSI-RS resources in each sweeping period flexible. Then, for each instance or number of instances, the network signals the additional parameters such as the number of CSI-RS resources.
Beam training processes
For purposes of beam management, the network needs to communicate CSI-RS configurations to UEs. A CSI-RS configuration may be UE-specific or UE-group-specific. For example, in a hierarchical beam training process, a group of CSI-RS resources may be configured for a group of UEs while a second group of CSI-RS resources may then be configured for specific UEs within a UE group. As mentioned earlier, the configuration should include information about antenna ports, number of beams and the physical resources allocated to each process.
Once a UE is informed of CSI-RS transmissions for beamforming training from a TRP (or a group of TRPs), it listens through received beams as the configuration has determined. For example, as shown in Figure 6, during a TU-TXS, the UE fixes its receive beam while the TRP sweeps over transmit beams.
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Figure 6. Beam training through CSI-RS

During a TU-RXS, it is the TRP that fixes the transmit beam while the UE sweeps over receive beams.
In order to prepare beam and CSI reports, a UE needs to compute the effective MIMO channel at the baseband for different combinations of beam pairs from/to multiple antenna ports. The beam and CSI reports will then be used by the TRP/network to apply hybrid analog/digital precoding for downlink transmissions to the UE.
There are multiple options for computing and reporting beam information and CSI:
· Option 1: One approach is for the UE report to contain raw information about one or more best beams from each antenna port in the form of CRI and RSRP-like quality. This information should then be used by the TRP/network to apply the selected beams and transmit beamformed CSI-RS in order for the UE to compute the effective MIMO channel with proper rank and precoding; see Figure 7. Note that the second CSI-RS transmission can occur frequently in order to provide updated CSI to the UE until the selected beams become obsolete.
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Figure 7. Example of producing only analog beam report at the UE

This approach would aim at reducing the computation burden on the UE at the cost of increased feedback overhead and/or reduced flexibility for achieving high spectral efficiencies. The reason for these costs is that individual beam pairs with high quality do not generally provide the best effective MIMO channel at the baseband when grouped.
As an intuitive example illustrated in Figure 8, consider a 2×2 downlink MIMO channel where each antenna can apply transmit/receive analog beams to/from different directions. If the UE is in the LOS of the TRP, the best beam pairs are most likely the beam pairs that point directly to each other. However, in order to form a rank-2 MIMO channel, those beam pairs are not suitable concurrently as they cause a large interference on co-located antennas. As a result, while one antenna pair may enjoy a high-quality LOS beam pair, the second antenna pair will probably need a beam pair that is not along the LOS. This simple example explains why, in order to increase the search space for the TRP/network to find an efficient effective MIMO channel, the UE has to feed back a larger amount of information, hence resulting in a tradeoff between feedback overhead and the efficiency of the effective MIMO channel. This issue becomes more complicated and results in a more prohibitive tradeoff for a larger number of antennas and/or at richer scattering environments.
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Figure 8. (Left) beam pairs suitable for rank-1 transmissions; (Right) beam pairs suitable for grouping for rank-2 multiplexing.

· Option2: A more practical approach to providing beam and CSI report to the TRP/network is to compute the effective channel(s), at least partially, at the UE and produce and send the report. This approach increases the computational effort at the UE and, furthermore, requires the UE to be informed of certain restrictions to group beam pairs in order to form an effective MIMO channel at the baseband. Examples of such restrictions will be mentioned later in this section.
Figure 9 shows an example timeline of CSI-RS/reporting configuration, CSI-RS transmissions and beam/CSI reporting through this approach. The hybrid CSI report contains selected beams (for example in the form of CRI and possibly RSRP of the selected beams), the resulting CSI (RI, PMI, CQI).
[image: ]
Figure 9. Example of producing hybrid CSI report at the UE

· Option 3: As mentioned, Option 2 puts additional computational burden on the UE. In order to reduce the complexity, CSI-RS transmissions and the corresponding UE computations can be divided into two stages where in one stage, the UE measures and computes possible MIMO ranks (one or more values for RI) and the analog beam pairs that provide the selected RI(s). Then, in a second stage, the TRP transmits CSI-RS through the selected beams for the UE to measure and report the corresponding PMI and CQI. The timeline of signalling and CSI-RS transmissions will then change to what is shown in Figure 10.
[image: ]
Figure 10. Example of producing hybrid CSI report at the UE at two stages

Compared to option 2, another advantage of this approach is that, since generally a new RI needs to be calculated less frequently than new PMI/CQI, the first stage can be configured with a larger periodicity than the second stage, which reduces the overhead of CSI-RS transmissions because RI-related measurements and computations require sweeping over a large number of beams while PMI/CQI-related measurements are expected to require far fewer resources.

Proposal 6: NR should support two-stage joint beam report and CSI feedback as follows:
· RI and corresponding beams (in the form of RI and possibly RSRP) for stage 1 feedback,
· PMI, CQI for stage 2 feedback.
As mentioned earlier, CSI-RS transmitted for the purpose of beam management can be used in UE-group-specific or UE-specific use cases. In a UE-group-specific use case, CSI-RS may need to cover the whole band of the link or a specific sub-band. However, in a UE-specific use case, CSI-RS may need to be allocated frequency resources within the frequency resources allocated to a particular UE in order to provide accurate beam information and CSI on those frequency resources and also to avoid affecting other FDMed transmissions, which simplifies procedures by avoiding rate matching by other UEs. In this case, beamformed CSI-RSs can precede data transmissions for beam management procedures such as beam sweeping with different beamwidths, beam refinement and tracking, and CSI acquisition for a specific part of the band.
As a result, UE-specific CSI-RS transmissions, illustrated in Figure 11, can be essentially transparent to UEs that are not scheduled on the particular time and frequency resources.
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Figure 11. Example of CSI-RS transmissions on UE-specific subset of subcarriers

Proposal 7: For beam-management, NR should support CSI-RS transmissions on UE-specific subset of subcarriers, e.g., CSI-RS configured within the PRBs of a PDSCH.
Transmission of CSI-RSs for the functionalities of beam refinement and tracking is configured by the network, for example, semi-persistently. However, semi-persistent configurations are potentially resource-hungry and, instead, a system can allow a faster response to sudden changes in the effective channel if it allows CSI-RS transmissions to be triggered by the UE itself. Examples of phenomena detected at a UE that can trigger CSI-RS transmissions are increased or decreased path-loss, a mobility measure of the UE itself, etc.
In order to trigger beam sweeping CSI-RS transmissions, upon detecting a change in the path-loss or beam failure, the UE can send a request to the serving TRP. The request may contain the following information in order to assist the TRP to configure a proper instance of CSI-RS transmissions:
· A decrease in the quality of the received DL signal, e.g., the SINR of downlink transmissions, RSRP obtained from DMRS or CSI-RS, etc.
· Requested/recommended parameters for beam sweeping CSI-RS transmissions.
Depending on the amount of link quality loss, a UE may request/recommend a certain number of CSI-RS transmissions. For example, a smaller loss in the link quality may require a shorter search (i.e., fewer number of TDMed CSI-RS resources) compared to a larger loss that may require a larger search or performing an L1/L2 beam failure recovery.
Once the gNB receives a request from the UE, it can accept the request by configuring CSI-RS transmissions to the UE. In order to reduce the configuration overhead for UE-triggered CSI-RS transmissions, configurations can be communicated in two stages where one stage by the RRC configures beam sweeping CSI-RS transmissions and the second stage, communicated through MAC CE and/or DCI, signals whether and how an instance of beam sweeping CSI-RS are transmitted. An example is to configure aperiodic P2 and/or P3 beam sweeping CSI-RS and reporting by RRC and, then, dynamically trigger one or more procedures, together with parameters such as the selected CSI-RS resources allocated to each procedure, through MAC CE and/or DCI. Details of the request and response messages, information and recommendations by the UE to the gNB to configure CSI-RSs, etc. can be studied and discussed further.
Proposal 8: For the purpose of beam tracking and beam failure recovery, NR should support UE-triggered CSI-RS transmission based on phenomena such as changes in the path-loss.
As mentioned earlier, beam selection at the UE may be subject to implementation-dependent constraints. An example of such constraints is illustrated in Figure Y.
[image: ]
Figure Y. Antenna ports sharing antenna elements/panels

In this example, the two antenna ports are virtualized by using partially common antenna elements, namely, the elements on the top-right panel. As a result, the two ports cannot generally be grouped to form a rank-2 MIMO channel.
Another example of constraints that UE needs to be aware of is when a hierarchical beamforming training approach is adopted where wider beams are used for a first level and narrower beams are adopted for the next levels. In this case, the UE needs to be aware that the wider beams are not going to be adopted for a final CSI report.
It was agreed in RAN1-89 [3] to consider the following alternatives for beam reporting:
	Agreements:
· The following beam grouping criteria are considered:
· A1 (based on Alt 1): Different TRP TX beams reported for the same group can be received simultaneously at the UE. 
· A2 (based on Alt 2): Different TRP TX beams reported for different groups can be received simultaneously at the UE.
· Down selection of the beam grouping criteria by next meeting
· FFS in addition to the above grouping criteria, the following grouping criteria can be considered
· C1 (in combination with A1): Different TRP TX beams reported for different groups cannot be received simultaneously at the UE.
· C2(in combination with A2): Different TRP TX beams reported for the same group cannot be received simultaneously at the UE.


It is however important to note that the above reporting constraints are ultimately applicable to hybrid CSI reporting will the aforementioned Option 2 or Option 3 are considered for CSI reporting.
Proposal 9: Beam reporting constraints resulting from port virtualization, hierarchical beam training, etc. should be applicable to hybrid CSI reporting as well.
It can be observed from the earlier discussions that, with respect to the CSI resulting from the reported beams, the UE has at least the following options:
· Option 1: Obtain and report CSI from separate CSI-RS designated specifically for CSI acquisition. In order to implement this option, the UE reports CRI and possibly the corresponding RSRP from the CSI-RS resources configured for beam management. Once the feedback is received by the TRP, it transmits CSI-RS for the purpose of CSI acquisition. Details of what beamforming to apply to the CSI-RS are implementation-dependent. For example, a TRP may choose to transmit beams with the highest reported RSRPs and perform fine beam sweeping around those beams in order to obtain the best possible spectral efficiency for transmission ranks larger than 1. The advantage of Option 1 is simplicity of UE procedures for separate beam reporting and CSI reporting. As mentioned before, this option may be impractical especially for higher MIMO ranks.
· Option 2: Report CSI from beam management CSI-RS directly. In order to implement this option, the UE reports CSI (RI/PMI/CQI) directly from the CSI-RS configured and transmitted for beam management. The advantage of Option 2 is possibly faster CSI acquisition as it reduces the number of UE reports. This, however, comes at the expense of possibly larger number of CSI-RS resources required for beamforming training.
· Option 3: Obtain and report partial CSI from beam management CSI-RS and partial CSI from a separate CSI-RS transmissions. In order to implement this option, the UE reports RI and possibly CRI and RSRP that allows the rank selected by the RI. Then, the TRP transmits CSI-RS accordingly in order for the UE to report PMI and CQI. Option 3 combines the advantages of Option 1 and Option 2.
The beam quality report should contain at least a beam index, namely, the CRI. It may additionally include RSRPs of ports in a CSI-RS resource and the corresponding port numbers. Details of the beam report format and the resulting overhead should be studied further.
Proposal 10: NR should further study the options for beam reporting format.
Conclusions
In this contribution, we reviewed principles of designing CSI-RS and related procedures for beam management. We observed and proposed the following:
Proposal 1: When sub-time units equal to an OFDM symbol, reuse the 1-port and 2-port CSI-RS patterns agreed for CSI acquisition.
Observation 1: Larger subcarrier spacing (options 2) has less impact on the progress of CSI-RS design.
Observation 2: The combination of DFT and IFDMA can be considered if comb-type CSI-RS pattern is to be supported as well as larger subcarrier spacing.
Proposal 2: When sub-time units are smaller than an OFDM symbol, support option 2 (larger subcarrier spacing) and reusing the 1-port and 2-port CSI-RS patterns agreed for CSI acquisition.
Proposal 3: For option 2 (larger subcarrier spacing), support additional signalling indicating time/frequency scaling and possibly the time/frequency offset of the allocated REs with respect to the allocated REs at a reference numerology.
Proposal 4: Support a flexible number of symbols for CSI-RS by utilizing a combination of high-layer configuration and dynamic indication. 
Proposal 5: To configure CSI-RS for beam management, additional information to be supported includes sweeping type or QCL relationship among the CSI-RS resources in one TU, beam pair link information (for assisting UE-side beamforming).
Proposal 6: NR should support two-stage joint beam report and CSI feedback as follows:
· RI and corresponding beams (in the form of RI and possibly RSRP) for stage 1 feedback,
· PMI, CQI for stage 2 feedback.
Proposal 7: For beam-management, NR should support CSI-RS transmissions on UE-specific subset of subcarriers, e.g., CSI-RS configured within the PRBs of a PDSCH.
Proposal 8:  For the purpose of beam tracking and beam failure recovery, NR should support UE-triggered CSI-RS transmission based on phenomena such as changes in the path-loss.
Proposal 9: Beam reporting constraints resulting from port virtualization, hierarchical beam training, etc. should be applicable to hybrid CSI reporting as well.
Proposal 10: NR should further study the options for beam reporting format.
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Appendix A. DFT based IFDMA
The target is to generate a time-domain signal , which is a 1xN vector and constructed by M repetitions (i.e. RPF value). In each repetition , the first Q values and the last P-Q values are zero to facilitate Tx beam switching, therefore the number of non-zero values (i.e. the length of s) is K=N/M-P. 



Step 1: DFT operation on  is performed firstly to generate the signal  to be mapped on IFDMA pattern. 

where
,                   q=0, 1, ..., N/M-1
Step 2: Generate the frequency-domain signal  by successively mapping the N/M values in  onto the non-zero REs in IFDMA, i.e. every M REs. The remaining REs in the same OFDM symbol are null. 

Then the time-domain signal of  after IDFT is the expected signal . To demonstrate this conclusion, equivalently, we derive in the following that the DFT signal after  is . 



Then we have

Therefore, by performing DFT on , we can get . 		
In the above DFT based IFDMA scheme, besides of the configuration parameters of RPF (i.e. M), additional parameters  and  are needed. If assuming Q=0, only value of P is required to be configured. When P is set to zero, which means no guard time between repetitions, this falls back to traditional IFDMA scheme. 
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