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1. Introduction
In the RAN1 #86, DL beam management procedures P-1, P-2, and P-3 were defined to select/change TRP Tx beam(s)/UE Rx beam(s) as follows.
Agreements:
· The following DL L1/L2 beam management procedures are supported within one or multiple TRPs:
· P-1: is used to enable UE measurement on different TRP Tx beams to support selection of TRP Tx beams/UE Rx beam(s)
· For beamforming at TRP, it typically includes a intra/inter-TRP Tx beam sweep from a set of different beams
· For beamforming at UE, it typically includes a UE Rx beam sweep from a set of different beams
· FFS: TRP Tx beam and UE Rx beam can be determined jointly or sequentially
· P-2: is used to enable UE measurement on different TRP Tx beams to possibly change inter/intra-TRP Tx beam(s)
· From  a possibly smaller set of beams for beam refinement than in P-1
· Note: P-2 can be a special case of P-1
· P-3: is used to enable UE measurement on the same TRP Tx beam to change UE Rx beam in the case UE uses beamforming
· Strive for the same procedure design for Intra-TRP and inter-TRP beam management
· Note: UE may not know whether it is intra-TRP or inter TRP beam 
· Note: Procedures P-2&P-3 can be performed jointly and/or multiple times to achieve e.g. TRP Tx/UE Rx beam change simultaneously
· Note: Procedures P-3 may or may not have physical layer procedure spec. impact
· Support managing multiple Tx/Rx beam pairs for a UE
· Note: Assistance information from another carrier can be studied in beam management procedures
· Note that above procedure can be applied to any frequency band
· Note that above procedure can be used in single/multiple beam(s) per TRP 
Note: multi/single beam based initial access and mobility treated within a separate RAN1 agenda item

 In RAN1 #86bis, there were agreements regarding UL beam management as following:
Agreements:
· UL beam management is to be further studied in NR
· Similar procedures can be defined as DL beam management with details FFS, e.g.:
· U-1: is used to enable TRP measurement on different UE Tx beams to support selection of UE Tx beams/TRP Rx beam(s)
· Note: this is not necessarily useful in all cases
· U-2: is used to enable TRP measurement on different TRP Rx beams to possibly change/select inter/intra-TRP Rx beam(s)
· U-3: is used to enable TRP measurement on the same TRP Rx beam to change UE Tx beam in the case UE uses beamforming
· FFS Indication of information related to Tx/Rx beam correspondence is supported
· Study UL beam management based on:
· PRACH
· SRS
· DM-RS
· Other channels and reference signals are not precluded
· Study uplink beam management procedure by considering the Tx/Rx beam correspondence
· For the case of TRP and UE have Tx/Rx beam correspondence
· For the case of TRP has no Tx/Rx beam correspondence and/or UE has no Tx/Rx beam correspondence

 In RAN1 #87, CSI-RS for beam management was agreed as follow:
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
· 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

Based on the agreements, we provide our views on DL and UL beam management in this contribution.
Discussion on DL beam management
In this section, we first discuss on DL beam management. It is agreed that CSI-RS supports the DL Tx beam sweeping and UE Rx beam sweeping. Then, beam acquisition procedure can be understood as a special case of CSI acquisition procedure. The beam acquisition procedure can be comprised of CSI-RS transmission, measurement, and reporting. In the meanwhile, NR should support P-1, P-2, and P-3 for beam management procedures. In this regard, we provides our view on DL beam acquisition procedure.
· CSI-RS transmission
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Figure 1. An example of whole DL beam management procedure
As shown in Figure 1, DL beam management procedure can be two stages. TRP(s) and UE are able to have a coarse beam (e.g. a group of beams) alignment utilizing SS burst and/or MRS, and then the best TRP Tx beam(s) and UE Rx beam(s) can be found by using CSI-RS for beam management (e.g., CSI-RS for beam management is denoted by Type 2 CSI-RS in our companion contribution [1]). In that case, a CSI-RS resource for beam management could be mapped to the coarse beam (i.e., the group of beams) so that TRP Tx beam(s) selection could be done by antenna port selection within the CSI-RS resource. In RAN1 #87, three options to map CSI-RS for Tx and Rx beam sweeping was listed. Regarding the three options, it is sufficient to support only Option 1 which is written as follows for supporting the identified DL beam management procedures P-1, P-2 and P-3 without introducing other options. 
· Option 1: 
· Tx beam(s) are same across sub-time units within each time unit
· Tx beam(s) are different across time units
In this regard, P-3 can be supported by configuring a single CSI-RS resource consisting of multiple OFDM symbols and P-2 can be supported by configuring multiple CSI-RS resources, each consisting of a single OFDM symbol. In addition P-1 can be supported by combinations of P-2 and P-3 where multiple CSI-RS resources, each consisting of multiple OFDM symbols are configured. Then, the CSI-RS mapping structure is need to be configured with multiple CSI-RS resources. To reduce the signaling overhead, it is desirable that the CSI-RS resources can be done by unified signaling framework (e.g., the number of ports, the number of OFDM symbols, position of RS and so on). Thus, the following proposal can be made:
Proposal #1: Support option 1 with unified signaling framework where 
· P-3 can be supported by configuring a single CSI-RS resource consisting of multiple OFDM symbols 
· P-2 can be supported by configuring multiple CSI-RS resources, each consisting of a single OFDM symbol 
· P-1 can be supported by combinations of P-2 and P-3.
· CSI-RS measurement
As we discussed, CSI-RS measurement is needed to select the best TRP Tx beam and/or UE Rx beam. For TRP Tx beam selection, RS resource is chosen based on RSRP or CQI similarly to CSI-RS resource indicator (CRI) selection as in LTE eFD-MIMO. On the other hand, for UE Rx beam selection, it would be natural that TRP only needs to know the number of UE beam candidates and do not need to know the UE Rx beam coefficients and whether UE Rx beam has been changed or not. 
· CSI-RS reporting
As mentioned above, beam acquisition procedure can be understood as a special case of CSI acquisition procedure. However, RS pattern for CSI-RS for beam management and CSI-RS for CSI acquisition could be different (e.g., RS frequency density or required number of resources within a slot) as described in our companion contribution [2]. Then, CSI reporting for beam management and CSI acquisition could be different. For example, CRI and/or port index reporting would be required for beam management while No PMI and RI reporting is needed. In addition, RSRP (or CQI) may need to be reported but its purpose may not include DL link adaption so that reporting granularity or content could be different. Also P-3 beam management procedure may not require CRI and/or port index reporting but RSRP (or CQI) reporting may or may not need to determine whether new TRP Tx beam(s) can be used for P-3. For unified framework, it is desirable to support both beam management and CSI acquisition with the same settings, but some combinations might not have a possibility to use. Thus, certain association/restriction for measurement/reporting setting can be considered.  
Proposal #2: Consider certain association/restriction for CSI-RS measurement and reporting setting according to its use cases, i.e., beam management and CSI acquisition.

Discussion on UL beam management procedure
If TRP and UE has a Tx/Rx beam correspondence, the DL TRP(s) Tx beam(s) and UE Rx beam(s) can be applied to UL TRP(s) Rx beam(s) and UE Tx beam(s). However, the Tx/Rx beam correspondence is not always guaranteed due to antenna configuration mismatch, radio channel variation, and UE mobility, etc. For example, beam correspondence would not hold when Tx antennas and Rx antennas are separately located due to hardware limitation and also there is asymmetric interference in DL and UL. Thus, beam management procedure to find TRP(s) Rx beams and/or UE Tx beams for UL transmission would be required. 
Proposal #3: Support UL beam management procedure for non/partial beam correspondence cases.
If TRP and UE has non/partial beam correspondence, UL beam procedure which is written as follows in LAN1#86bis is needed to find UL Tx/Rx beams.
· U1: is used to enable TRP measurement on different UE Tx beams to support selection of UE Tx beams/TRP Rx beam(s)
· U2: is used to enable TRP measurement on different TRP Rx beams to possibly change/select inter/intra-TRP Rx beam(s)
· U3: is used to enable TRP measurement on the same TRP Rx beam to change UE Tx beam in the case UE use beamforming
Similar to two different types of DL CSI-RS resource, i.e., Type 1 for MIMO CSI feedback and Type 2 for DL beam management, as discussed in our companion contribution [1], two different types of SRS resources would also need to be further defined, in terms of their different operational purposes, i.e., Type 1 SRS resource for UL link adaptation, and Type 2 SRS resource for UL beam management in our companion contribution [3]. When a Type 2 SRS resource for UL beam management is configured to a UE and multiple SRS ports are configured within the resource, different UE Tx beams could be applied on the configured SRS ports for supporting UL beam management. In this regard, U-3 can be supported by configuring multiple SRS resources, each consisting of a single OFDM symbol and U-2 can be supported by configuring a single SRS resource consisting of multiple OFDM symbols, respectively. In addition, U-1 can be supported by combinations of U-2 and U-3. 
Proposal #4: When SRS is used for UL beam management, NR should define two different types of SRS resources in terms of their different operational purposes, i.e., Type 1 for UL link adaptation, and Type 2 for UL beam management.

2. Conclusion
In this contribution, we have studied the DL and UL beam management and proposed as following:
Proposal #1: Support option 1 with unified signaling framework where 
· P-3 can be supported by configuring a single CSI-RS resource consisting of multiple OFDM symbols 
· P-2 can be supported by configuring multiple CSI-RS resources, each consisting of a single OFDM symbol 
· P-1 can be supported by combinations of P-2 and P-3.
Proposal #2: Consider certain association/restriction for CSI-RS measurement and reporting setting according to its use cases, i.e., beam management and CSI acquisition.
Proposal #3: Support UL beam management procedure for non/partial beam correspondence cases.
[bookmark: _GoBack]Proposal #4: When SRS is used for UL beam management, NR should define two different types of SRS resources in terms of their different operational purposes, i.e., Type 1 for UL link adaptation, and Type 2 for UL beam management.
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