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[bookmark: _Ref129681832][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]The following were agreed in the previous meetings [1][2][3][4]:
	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:
· 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

Agreements:
· CSI-RS resource with 1-port and 2-port for one OFDM symbol can be used for beam management
· Value of D>=1 represents RE/RB/port within a OFDM symbol.
· For the case of 1-port
· No CDM
· Subcarrier spacing within a PRB for D>1
· Even spacing
· Constant subcarrier spacing across PRB(s)
· Constant subcarrier spacing within a BWP
· FFS the values of D 
· For the case of 2-port:
· Reuse the same pattern as that of for CSI acquisition at least for D=1 (if supported)
· FFS: the potential number of CSI-RS OFDM symbols for beam management
· FFS: other values of X and D for beam management 
· In the LS to RAN4, add “RAN1 are discussing the respective possible limited set values of D for 1-port and 2-port CSI-RS resource, e.g., taking from {1, 2, 3, 4, 6}. RAN4 is also welcome to provide inputs to select the values of D for 1-port and 2-port CSI-RS resources, respectively”



In this contribution, we discuss principles of designing CSI reference signals and procedures for beam management.
Discussion
It was agreed in the last meeting to use 1-port and/or 2-port CSI-RS for beam management. 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 antenna, 1-port CSI-RS is applied, while for cross-polarized antennas, the agreed 2-port CSI-RS pattern (2, 1) can be reused. 
Figure 1 shows an example of a 14-symbol slot with multiple CSI-RS resources configured for beam management.
 [image: ]
Figure 1. Example of CSI-RS for beam management. Colors distinguish component patterns configured for a 1-port or 2-port CSI-RS.
In the above example, resources for different ports are only multiplexed over frequency while beam sweeping is performed over time. However, it is worth mentioning that time-division multiplexing among ports can be allowed within a slot as well.
As can be seen in the above example, a significant number of symbols in a 14-symbol slot may be reserved for PDCCH/CORESET and DMRS. For details, see [5]. However, slots dedicated to beam management may not need to reserve such a large number of symbols and, therefore, a larger number of symbols can be configured for CSI-RS transmissions, which can reduce beamforming training time significantly. An example is illustrated in Figure 2.
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Figure 2. Example of a 14-symbol slot dedicated to beam management
Proposal 1: In slots dedicated to beam management, symbols that would be otherwise reserved for DMRS can be used for CSI-RS transmissions.
Frequency division multiplexing of CSI-RS with PDCCH/CORESET may further be considered.
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 by RRC. As illustrated in Figure 3, this configuration may consist of starting positions, counting/mapping rules (backward or forward), etc. 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 by MAC CE and/or DCI. Consequently, the CSI-RS resources can then be configured within the symbols indicated by the starting position, the mapping rule (backward or forward), and the number of spanned symbols jointly.
[image: ]
Figure 3. Examples for two-level configuration on CSI-RS symbols
Proposal 2: Support a flexible number of symbols for CSI-RS by utilizing a combination of high-layer configuration and dynamic low-layer indication.
To support various beam management procedures (P1, P2, P3), a unified configuration of CSI-RS is proposed [6] including the number of TUs within one beam sweeping period, the sweeping type, and the configuration of CSI-RS resource(s) within each TU. At the RAN1#89 meeting, it was agreed to configure at least the following items 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 the number of CSI-RS resources.
· Information related to the number of time-domain repetitions (if any) associated with each CSI-RS resource.
In one beam sweeping period, more than one TU exists in P1, while P2 and P3 only have one TU with fixed Rx and Tx beams, respectively. The first two configuration elements listed above are 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 FDMed or TDMed. 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 item 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 the number of symbols or slots, etc.
In addition to the agreed three configuration elements, to support either Tx or Rx beam sweeping in one TU, whether the same or different Tx beams are transmitted across sub-time-units (STUs) in one TU should be indicated to the 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, namely P2, and TU-RXS can be used for Rx beam sweeping within one TU, namely P3. One option to communicate the sweeping type within one TU, is to determine the QCL relationship among the CSI-RS resources configured in the TU.
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 4. 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. 
 [image: ]
Figure 4. Example of indication of BPL information
[bookmark: _GoBack]Proposal 3: 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 and beam pair link information (for assisting UE-side beamforming).
CSI-RS for beam management may be configured 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 the UE group. As mentioned earlier, the configuration should include information about antenna ports, number of beams and the physical resources allocated to each process.
In a UE-group-specific use case, CSI-RS may need to cover the whole band of the link. However, in a UE-specific use case, it can be beneficial to configure CSI-RS within the frequency band allocated to a particular UE. This is due to the fact that beam management procedures may demand a wide range of resources based on various parameters. For example, a highly mobile UE requires more frequent beam refinement and tracking processes compared to a static UE. Mobility may also demand different amount of resources allocated to each instance of a process. As a result, the network should be able to configure CSI-RS for beam management flexibly based on the circumstances of each UE. Allowing CSI-RS to be limited to a UE-specific sub-band provides the flexibility for the network to configure beam management processes per UE without introducing the additional complexity of informing other UEs for rate matching. Moreover, it may be further beneficial for providing beam information and CSI that are specific to the frequency resources allocated to a particular UE. Beamformed CSI-RS (configured for P2, P3, and/or CSI acquisition) can precede data transmissions within a PDSCH and may serve different beam management purposes such as beam sweeping with different beamwidths, beam refinement and tracking, and CSI acquisition for the specific part of the band. A special case is scheduling PDSCH for a specific UE for the sole purpose of transmitting CSI-RS for beam management.
Figure 5 shows that UE-specific CSI-RS transmissions can be essentially transparent to UEs that are not scheduled on the particular time and frequency resources.
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Figure 5. Example of CSI-RS transmissions on UE-specific subband

Furthermore, the following was agreed in RAN1 NR AH2 [4]:
Agreements:
· For partial-band CSI-RS, partial-band can be the same as bandwidth part
· FFS whether or not to have small values than the bandwidth of bandwidth part

The aforementioned design choice allows smaller values for the bandwidth of CSI-RS than the bandwidth part.
Proposal 4: For beam management, consider CSI-RS bandwidths smaller than the bandwidth part provided that they allow sufficient UE measurement accuracy.
When beam management CSI-RS is configured within the bandwidth of the PDSCH of a specific UE, the resulting CSI measurement error may be higher than measurements on wideband CSI-RS due to smaller number of allocated REs. Therefore, in this case, higher density configuration can boost the SNR and improve the measurements accuracy.
The following was agreed in RAN1 NR AH2 [4]:
Agreements:
· CSI-RS resource with 1-port and 2-port for one OFDM symbol can be used for beam management
· […]
· For the case of 2-port:
· Reuse the same pattern as that of for CSI acquisition at least for D=1 (if supported)
As mentioned earlier, the 2-port (2,1) pattern is useful for collocated cross-polarized antennas and should be supported for beam management. Different density values D can provide a tradeoff between DL resource overhead and UE measurement accuracy. The candidate values are D=2,3,4,6 RE/PRB/port [4]. Figure 6 presents the 2-port (2,1) CSI-RS pattern with the different candidate densities that can be used for beam management. The same patterns can be reused for CSI acquisition.

[image: ]
Figure 6.  2-port (2,1) CSI-RS pattern with D=2,3,4,6

Proposal 5: Support D≥1 RE/PRB/port for the 2-port (2,1) CSI-RS pattern for beam management.

Conclusions
In this contribution, we reviewed principles of designing CSI-RS and related procedures for beam management. We proposed the following:
Proposal 1: In slots dedicated to beam management, symbols that would be otherwise reserved for DMRS can be used for CSI-RS transmissions.
Proposal 2: Support a flexible number of symbols for CSI-RS by utilizing a combination of high-layer configuration and dynamic low-layer indication.
Proposal 3: 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 4: For beam management, consider CSI-RS bandwidths smaller than the bandwidth part provided that they allow sufficient UE measurement accuracy.
Proposal 5: Support D≥1 RE/PRB/port for the 2-port (2,1) CSI-RS pattern for beam management.
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