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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
For NR beam management procedure, it was agreed in the RAN1#87 meeting that [1], 
Agreements:
· CSI-RS supports the DL Tx beam sweeping and UE Rx beam sweeping
· NOTE: CSI-RS can be used in P1, P2, P3
· [bookmark: OLE_LINK89][bookmark: OLE_LINK90]NR CSI-RS supports the following mapping structure
· NP CSI-RS port(s) can be mapped per (sub)time unit
· Across (sub)time units, same CSI-RS antenna ports can be mapped
· Values of NP is FFS
· Here, “time unit” refers to n>=1 OFDM symbols in a configured/reference numerology,  where the value of n is FFS
· FFS whether OFDM symbols comprising a time unit is consecutive or not
· FFS Port multiplexing method, e.g., FDM, TDM, CDM, any combinations 
· Each time unit can be partitioned into sub-time units
· FFS Partitioning method, e.g., TDM, IFDMA, OFDM symbol-level partition with same/shorter OFDM symbol length(i.e. larger subcarrier spacing)  as/than the reference OFDM symbol length (subcarrier spacing), and other methods are not precluded
· 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
This contribution discusses beam management aspects for beam measurement procedure, reporting procedure, RS for beam management and the relationship between beam management and CSI reporting.    
[bookmark: _Ref129681832]Discussion on DL beam management for NR
Beam management is target to achieve the efficient control of the overhead, interference reduction and energy saving. Furthermore, it is also of crucial important to provide more accurate link adaptation for data transmission. The DL beam management procedure including P-1, P-2 and P-3 had already been agreed at RAN1 86bis meeting. Considering that NR needs to support a wide range of frequencies, deployments, antenna architectures, the beam management procedure should be designed flexible enough to cope with all these scenarios.
[bookmark: OLE_LINK32][bookmark: OLE_LINK33]Discussion on beam measurement procedure
Generally, the following three key steps for the beam management should be considered. 
· [bookmark: OLE_LINK104][bookmark: OLE_LINK105]Step 1: SS block based beam management for initial access, e.g., a “cell specific” and “periodic” beam sweep
· [bookmark: OLE_LINK108][bookmark: OLE_LINK109]Step 2: CSI-RS based feedback (P-1),  e.g.,  a “UE group specific” and “periodic” beam sweep for a group of UEs 
· Step 3: CSI-RS based feedback (P-2/P-3), mostly likely a “UE specific” and “aperiodic”/semi-persistent beam sweep 

[image: ]
Figure 1.Overall beam management procedure for initial access and data transmission
Figure 1 illustrates the overall beam management procedure consisting of the above three steps. P1 is the preliminary stage beam management procedure for data transmission. The prior knowledge for the beam configuration of P1 can rely on the information acquired from beam management during initial access procedure. The gNB obtains the coarse beam information at a certain degree based on UE’s selection of the RACH resource during initial access. Specifically, the RACH resource is associated with the downlink beamformed broadcast channel/signal and thus it can implicitly indicate UE’s preferred beam information. Given this, the beam information carried on RACH can be inferred by the gNB for the beam configuration of P1 for data transmission. The UEs with the similar or same beam feedback carried on RACH can be aggregated to the same group of CSI-RS resources and share the same CSI-RS configuration for P1. The sharing of the CSI-RS for a UE group can significantly save the overhead and being more efficient for the beam management.
[bookmark: OLE_LINK35][bookmark: OLE_LINK36]The functionality of P1 should provide the feasibility for the link maintenance and the rough beam resource pool for the finer beam management of P2.Thus, periodic transmission of CSI-RS for P1 should be supported. Considering the beam pool for the P1 vary slowly, a longer periodicity for the CSI-RS transmission can be configured. 
[bookmark: OLE_LINK142]Proposal 1: The dependence of beam management procedure for initial access and data transmission should be considered.
[bookmark: OLE_LINK19][bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK43][bookmark: OLE_LINK44]Proposal 2: UE group specific periodic transmission of CSI-RS for P1 should be supported and the periodicity of CSI-RS for P1 can be relatively long.
gNB acquires each UE’s selected beam information of P1,  and then the selected beams can be used for configuring the CSI-RS for P2 to obtain the finer beam information in conjunction of CSI information. Typically, P2 can be configured on demand when the buffer has data to be transmitted. As shown in Figure 2 and Figure 3, semi persistent CSI-RS and aperiodic CSI-RS for P2 with the selected beams are configured to provide the beam information and the CSI information prior to the data transmission. It can save the unnecessary CSI-RS transmission for efficient control of the overhead.

[image: ]  
Figure 2. Semi persistent CSI-RS transmission for P2
[image: ]Figure 3.aperiodic CSI-RS transmission for P2
[bookmark: OLE_LINK45][bookmark: OLE_LINK46][bookmark: OLE_LINK47]Proposal 3: UE specific aperiodic/semi-persistent transmission of CSI-RS for P2 should be supported.
For the traffic type with the stringent low latency requirement, e.g., ULRRC, it would be too late to configure the aperiodic/semi-persistent CSI-RS and get the beam information from UE when the burst traffic arrives to satisfy the 1 ms latency requirement. It drives to support the periodic CSI-RS transmission and beam information reporting to ensure the gNB can have the beam information to schedule the burst traffic at any time.
Discussion on beam reporting procedure 
[bookmark: OLE_LINK84][bookmark: OLE_LINK85][bookmark: OLE_LINK86][bookmark: OLE_LINK87]Basically, the reported beam information includes the beam index information and the corresponding RSRP-like to aid the gNB for the beam management. To support fast beam information reporting, the RSRP-like for beam management should be L1 quantity without the L3 filtering. The legacy L3 filtered RSRP is reported in the higher layer, but the L1 RSPR should be reported directly on the physical channel, the transmission reliability and the channel capacity for L1 RSRP-like should be considered. In addition, the reference point for the L3 RSRP is the antenna connector of the UE, L1 RSPR like information should be based on the same reference point or considering receiving process gain should be further studied. Thus, we have the following proposal 
[bookmark: OLE_LINK100][bookmark: OLE_LINK101][bookmark: OLE_LINK102]Proposal 4: The L1 filtered RSRP-like for the beam management should be supported and specified.
Beam management procedures should support continuous refinement and tracking of the acquired beams / beam pairs in order to maintain the channel quality. Several options can be considered for beam report:
· Option 1: A basic beam report can contain the index of the best beam as well as the RSRP-like associated with the beam. This option is simple and the resulting feedback size is minimal, but the acquired beam / beam pair is vulnerable to blockage of the main path between the pairs, e.g., LOS blockage.
· Option 2: The format of a report can be extended to include N>1 beams separately. This option provides a simple extension to the above format, but suffers from increased feedback size proportionally to the number of beams selected for reporting. The overall resources dedicated to this feedback format can be significant given that a mobile UE may require continuous and frequent beam reporting for the purpose of tracking.
· Option 3: The format of the above multi-beam feedback can be reduced by allowing differential feedback for additional beams. This option provides a better tradeoff between link reliability and the amount of resources dedicated to link maintenance.
Figure 4 shows the advantage of differential beam report in terms of beamforming gain vs. the feedback size. In this figure, a channel with one dominant beam of 30dB SNR and negligible multipath is considered, and the feedback size and the beamforming gain corresponding to each of the above three options are shown. In the simulated examples, a 16-element ULA with a codebook of 32 DFT beams is considered, but the TRP sweeps only every 4th beam to reduce beam training time. Then, based on UE report, best beam out of the full codebook of 32 beams is selected for transmissions.
· Option 1 suggests reporting only the index of the best beam, hence requiring only 3 bits. However, this option results in ~3.5dB loss compared to the ideal beam (pointing directly toward the UE).
· Option 2 suggests reporting the indices of the top 2 beams together with their respective amplitude/power, hence requiring larger feedback size as a function of the quantization resolution. This option reduces the loss to ~1.5dB in the simulated scenarios, but at the cost of 3x~4x larger feedback size.
· Option 3 suggests reporting the index of the best beam, plus 1 bit for reporting whether the beam before or after the best beam is considered for differential feedback. A differential metric is then quantized and reported along the above differential beams index. The differential metric used in the simulations follows (P1-P2)/(P1+P2) quantized, where P1 and P2 are the power of the best beam and its selected adjacent beam, respectively. The simulations show that this option provides higher beamforming gain with smaller feedback size. The only cost of this option compared to Option 2 is a small computation at the UE.
[image: Figure 1&2 Combined]
Figure 4. Reducing feedback size through differential beam report. 
(All beamforming gains are normalized to optimal analog beamforming towards the particular UE)
[bookmark: OLE_LINK139][bookmark: OLE_LINK140][bookmark: OLE_LINK141]Proposal 5: Differential multi-beam reports should be supported in NR.
· Periodic reporting 
For the periodic beam information reporting, time domain filtering of RSRP-like is beneficial to avoid the ping-pong effect of the beam switching. However, the filtering across different instances should assume the same beam direction, as it makes no sense to average the energy with different beams.
Figure 5 shows the reporting instances for the periodic beam information reporting. N best beam group index can be reported with a longer duty cycle and then the RSRP-like corresponding to each selected beam /beam group will be reported sequentially. If the channel for beam information is capacity limited, the differential RSRP-like reporting within one beam group can be considered due to the similar beam quality within one beam group.
[bookmark: OLE_LINK48][bookmark: OLE_LINK49][bookmark: OLE_LINK103][bookmark: OLE_LINK138]Proposal 6: Configurations of periodic beam reporting with L1 filtered RSRP-like should be studied, e.g. the configuration of the filtering window.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Proposal 7: The UL channel for periodic RSRP reporting should be studied.
[image: ]
Figure 5. Periodic beam information reporting
· [bookmark: OLE_LINK9][bookmark: OLE_LINK10]Aperiodic reporting 
Triggering of the aperiodic beam reporting can be configured on demand. For instance, when the gNB is aware that the beam blockage happens, the instantaneous beam information reporting should be initiated by triggering the aperiodic beam reporting to find the new available beam for the beam recovery. 
[bookmark: OLE_LINK50][bookmark: OLE_LINK51][bookmark: OLE_LINK106][bookmark: OLE_LINK137]Proposal 8: On demand aperiodic beam information reporting, initiated by the gNB, should be supported.
· Event triggered reporting
As UE monitors the CSI-RS signals periodically, it is the first entity to detect the link failure / blockage or other event. UE initiated beam reporting should be supported to aid the gNB to acquire the beam status change in time.
In addition, UE can also monitor the beam information change by detecting the received signal energy of DMRS during the data transmission, and triggering the corresponding reporting for fast beam change for more reliable subsequent data transmission.
The events considering the following purposes can be considered.
· [bookmark: OLE_LINK11]Link failure
[bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK71]The link failure happens due to user movement, rotation and blockage, UE initiated link recovery mechanism should be considered. The definition of the event for L1 link failure to facilitate the fast link recovery should be studied, e.g. the detected signal energy is lower than a threshold.
[image: ]
Figure 6.Link failure
Proposal 9: The beam information reporting based on event trigger should be supported due to link failure and link recovery thereafter. 

· QCL information update 



Figure 7.Event triggered reporting for QCL change
As shown in Figure 7, when UE detects the current beam grouping of the QCL changes, B2 is not associated with B1 and should be associate with B3 and B4, UE should trigger the beam QCL change procedure. Such a mechanism can also be used to update the beam grouping information if the grouping is based on UE’s receiving spatial parameters.
[bookmark: OLE_LINK111]Proposal 10:  The beam information reporting based on event trigger should be supported for updating beam management related QCL.  
· Terminate beam sweeping
For the beam information update, event triggered beam information reporting as shown in Figure 8 provide a mechanism to updated the  beam information to terminate the beam sweeping in advance. After UE measures the Xth beam, UE found that the counted beam number that stratifies the condition of the beam quality exceeding the predefined threshold is sufficient, and then UE triggers the reporting to notify the gNB to terminate the subsequent beam sweeping.
[image: ]
[bookmark: OLE_LINK73][bookmark: OLE_LINK74]Figure 8.event triggered reporting for beam information update
[bookmark: OLE_LINK116][bookmark: OLE_LINK117][bookmark: OLE_LINK118][bookmark: OLE_LINK135][bookmark: OLE_LINK52][bookmark: OLE_LINK53][bookmark: OLE_LINK16][bookmark: OLE_LINK17]Proposal 11:  The beam information reporting based on event trigger should be supported for terminating beam sweeping in advance.
The following uplink channel can be considered to transmit UE’s request
· SR
· RACH
More details of the event triggered DL transmission can be found in our companion contribution [2].
RS for beam management 
· CSI-RS
LTE supports one CRS port based RSRP measurement. Similarly, RSRP-like measurement based on CSI-RS may also rely on low dimension CSI-RS port number. In the meanwhile, unlike the high accuracy requirement for CSI acquisition, lower density of RS in frequency is sufficient to satisfy its measurement accuracy requirement. That is to say, RS overhead for single beam RSRP-like measurement can be kept low. However, as the beam number for beam training increase, the CSI-RS has to be transmitted repeatedly in time domain which consumes excessive resources. To efficiently control the CSI-RS overhead, CSI-RS sharing among different users can be utilized. In addition, different UE can share the same CSI-RS for different purpose [3]. For instance, UE1 and UE2 implement beam measurement and CSI acquisition respectively based on the same CSI-RS resource.
[bookmark: OLE_LINK18][bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK54][bookmark: OLE_LINK55][bookmark: OLE_LINK119][bookmark: OLE_LINK120][bookmark: OLE_LINK134]Proposal 12: CSI-RS pattern design should consider multiplexing of beam measurement and CSI measurement.
· [bookmark: OLE_LINK14][bookmark: OLE_LINK15]DMRS 
In addition to CSI-RS, DMRS is also beneficial for beam measurement and should also be considered. As the density of DMRS is larger than CSI-RS to guarantee the demodulation performance, it can provide more accurate beam information measurement comparing with CSI-RS based beam management [3]. As shown in Figure 9, each UE can be configured with other UE’s DMRS with different beams than its serving beams for measurement to find a beam with better quality. Alternatively, UE can also be configured with the CSI-RS of different beams embedded in the data for beam measurement, UE can feedback the preferred beam based on the measurement of CSI-RS in conjunction of DMRS. The quality of the beams currently used for data transmission can be measured accurately by DMRS measurement. By comparing the quality of current serving beam Qd measured from DMRS and that of the candidate beam Qc measured from CSI-RS, UE may only feedback the preferred beam information when Qc>Qd, which means that the candidate beams are better and current serving beams should be changed. Thus the feedback overhead can be reduced accordingly.
In the case of semi-persistent/periodic CSI reporting with semi-persistent/periodic CSI-RS transmission, UE may feedback the preferred beam information when Qc>Qd; otherwise, UE only sends 1-bit information to inform BS to keep the current beam for the data transmission for the UE. When aperiodic CSI reporting with semi-persistent/periodic CSI-RS, UE feeds back the preferred beam information only when Qc>Qd. 
In addition, based on DMRS, UE can also monitor the quality of the current serving beam(s). Once the UE monitors a significant drop on the serving beam(s), it may initiate a beam management procedure. 



[bookmark: OLE_LINK56][bookmark: OLE_LINK57]
Figure 9.DMRS based beam management 
[bookmark: OLE_LINK121][bookmark: OLE_LINK122][bookmark: OLE_LINK132][bookmark: OLE_LINK133]Proposal 13: DMRS or hybrid DMRS and CSI-RS based aperiodic beam information reporting should be supported.
     The relationship between beam management and CSI measurement 
The beam management and CSI feedback can be configured with independent or joint procedure to flexible adapt to different scenarios and cases.The following cases for the configuration combinations for beam management and CSI reporting can be considered.
· [bookmark: OLE_LINK70][bookmark: OLE_LINK75][bookmark: OLE_LINK80][bookmark: OLE_LINK81][bookmark: OLE_LINK82][bookmark: OLE_LINK83][bookmark: OLE_LINK88]Case 1: Periodic/semi-persistent beam management and aperiodic CSI measurement
· Case 2: Aperiodic beam management and periodic/semi-persistent CSI measurement
· [bookmark: OLE_LINK114][bookmark: OLE_LINK115]Case 3: Aperiodic beam management and aperiodic CSI measurement
· [bookmark: OLE_LINK29][bookmark: OLE_LINK30]Case 4: Periodic/semi-persistent beam management and periodic/semi-persistent CSI measurement
For case 3, the beam management triggering and CSI reporting triggering should be implemented independently. 
For case 1, 2 and 4, the joint beam management and CSI reporting can be considered. The joint beam management and CSI reporting implies that there is interdependency between beam information reporting and CSI reporting. The following two alternatives for joint beam management and CSI management should be considered
· [bookmark: OLE_LINK58][bookmark: OLE_LINK59]beam information reporting dependent on CSI reporting 
· [bookmark: _Hlk470185828][bookmark: OLE_LINK28]CSI reporting dependent on beam information reporting
For case 1 and case 2, if aperiodic reporting of either CSI reporting or beam information reporting is triggered in the middle of the other type of periodic/semi-persistent reporting procedure, the aperiodic reporting can be conditioned on the previous periodically reported quantity. Figure 10 provides an illustrative example for case 1.The selected beam information is reported periodically and the selected beam index varies with time. When the aperiodic CSI reporting is triggered, the CSI is calculated based on the latest reported beam information of beam index 2 or the previous reported beam index indicated by the gNB.


Figure 10. Aperiodic CSI information reporting dependent on periodic beam information reporting
[bookmark: OLE_LINK97][bookmark: OLE_LINK98]Figure 11 shows that in the case when the departure angular spread is larger than the beam width, the rank varies relatively slowly, and it should be reported firstly based on a set of beams as long term information. Beam index/indices denoting the dominant propagation paths should be determined on the last reported rank. And then PMI/CQI conditioned on the selected beams is reported with short duty cycle.



[bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK129]Figure 11.Periodic beam information reporting dependent on periodic CSI reporting
Furthermore, optimal beam selection is, in general, correlated with digital precoding. The UE may choose to select different beams (and hence RSs) corresponding to a particular subset of TRP antennas and UE antennas based on what antennas and what rank is being considered.
The illustrative example of Figure 12 is a 2×2 MIMO system where the TRP and UE are in the line of sight and each of the two TRP antennas, as well as possibly the two UE antennas, employ ABF. For a rank-1 transmission, any of the beam pairs aligned with the line of sight are good candidates for reporting. For a rank-2 transmission, however, this beam selection may result in a very weak channel for the second multiplexing layer. Therefore, a UE aware of the transmission rank should select and report beam qualities accordingly.
Once the rank and the associated beams are selected, further CSI-RS transmissions can follow for measuring and reporting PMI and CQI.

[image: ]              [image: ]
Figure 12. Left: A set of beam pairs, each pair suitable for separate rank-1 transmissions, Right: A different set of beam pairs suitable for rank-2 transmissions

CSI reporting consists of reporting beam related information and CSI parameters by the UE to the TRP. These parameters include the preferred beams, e.g., analog beams in a hybrid antenna architecture, CQI, PMI and RI. A joint exhaustive search over all possible combinations of parameters is one way of reporting these parameters, but it imposes long delay and is computationally complex, especially when the number of analog beams and the number of panels/arrays to search are large. Also, as mentioned earlier, different ranks of transmission (i.e., different RIs) do generally correspond to different sets of preferred beams. Therefore, a two-step CSI report, where the adaptation parameters are reported sequentially, instead of jointly, can reduce the delay and unwanted overhead. A specific two-step CSI report can be considered as follows: the TRP sends beam management CSI-RSs and, in response, the UE feeds back a rank (RI) and its associated set of beams; this step is then followed by the TRP sending beamformed CSI-RSs for CSI acquisition, which uses the reported beams in first step, and then the UE reports the PMI along with the CQI. With such a two-step CSI report, a good tradeoff between performance and complexity can be achieved.
[bookmark: OLE_LINK130][bookmark: OLE_LINK131]Observation 1: A joint reporting of the RI and the preferred set of selected CSI-RSs (beams) followed by a second step of reporting of PMI and the CQI over the beamformed RS achieves a good tradeoff between performance and complexity.



Figure 13. Periodic CSI reporting dependent on periodic beam information reporting
Figure 13 illustrates a joint beam management and CSI reporting mechanism which is similar as class B, K>1 in LTE. Beam index is reported firstly with long duty cycle, and then RI/PMI/CQI calculated conditioned on the selected beam is reported with short duty cycle.
Proposal 14: The following two alternatives for joint beam information reporting and CSI reporting should be considered:
· beam information reporting dependent on CSI reporting 
· E.g., rank-dependent beam selection and reporting
· CSI reporting dependent on beam information reporting

Conclusion
In this contribution, beam management for DL MIMO including coarse beam identification and fine tuning is discussed and we have the following observation and proposals:
[bookmark: OLE_LINK178][bookmark: OLE_LINK179][bookmark: OLE_LINK180]Proposal 1: The dependence of beam management procedure for initial access and data transmission should be considered.
[bookmark: OLE_LINK175][bookmark: OLE_LINK176][bookmark: OLE_LINK177][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 2: UE group specific periodic transmission of CSI-RS for P1 should be supported and the periodicity of CSI-RS for P1 can be relatively long.
[bookmark: OLE_LINK172][bookmark: OLE_LINK173][bookmark: OLE_LINK174]Proposal 3: UE specific aperiodic/semi-persistent transmission of CSI-RS for P2 should be supported.
[bookmark: OLE_LINK169][bookmark: OLE_LINK170][bookmark: OLE_LINK171]Proposal 4: The L1 filtered RSRP-like for the beam management should be supported and specified.
[bookmark: OLE_LINK166][bookmark: OLE_LINK167][bookmark: OLE_LINK168]Proposal 5: Differential multi-beam reports should be supported in NR.
[bookmark: OLE_LINK163][bookmark: OLE_LINK164][bookmark: OLE_LINK165]Proposal 6: Configurations of periodic beam reporting with L1 filtered RSRP-like should be studied, e.g. the configuration of the filtering window.
[bookmark: OLE_LINK159][bookmark: OLE_LINK160][bookmark: OLE_LINK161][bookmark: OLE_LINK162]Proposal 7: The UL channel for periodic RSRP reporting should be studied.
[bookmark: OLE_LINK157][bookmark: OLE_LINK158]Proposal 8: On demand aperiodic beam information reporting, initiated by the gNB, should be supported.
[bookmark: OLE_LINK151][bookmark: OLE_LINK152][bookmark: OLE_LINK156]Proposal 9: The beam information reporting based on event trigger should be supported due to link failure and link recovery thereafter. 
[bookmark: OLE_LINK148][bookmark: OLE_LINK149][bookmark: OLE_LINK150]Proposal 10:  The beam information reporting based on event trigger should be supported for updating beam management related QCL. 
[bookmark: OLE_LINK181][bookmark: OLE_LINK182][bookmark: OLE_LINK185][bookmark: OLE_LINK186][bookmark: OLE_LINK187][bookmark: OLE_LINK188]Proposal 11:  The beam information reporting based on event trigger should be supported for terminating beam sweeping in advance.
Proposal 12: CSI-RS pattern design should consider multiplexing of beam measurement and CSI measurement.
[bookmark: OLE_LINK145][bookmark: OLE_LINK146][bookmark: OLE_LINK147]Proposal 13: DMRS or hybrid DMRS and CSI-RS based aperiodic beam information reporting should be supported.
[bookmark: OLE_LINK143][bookmark: OLE_LINK144]Proposal 14: The following two alternatives for joint beam information reporting and CSI reporting should be considered:
· beam information reporting dependent on CSI reporting 
· E.g., rank-dependent beam selection and reporting
· [bookmark: _GoBack]CSI reporting dependent on beam information reporting
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