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Introduction
In the 3GPP RAN1#86 meeting, beam management procedures were discussed and three procedures were agreed to be supported [1]:
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 the 3GPP RAN1#87 meeting, following agreements on CSI-RS for beam management were reached [2]:
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
In this contribution, further details of beam management will be discussed.
Discussion
By beam determination, a TRP or a UE determines its TX beam for transmission and/or RX beam for reception. In one link direction, signal transmitted with a TX beam propagates through a specific path, and the receiver has to use a corresponding RX beam to receive signal from the path. A change in TX beam may lead to change of optimal RX beam. Therefore, in the procedure of beam management, UE or TRP has to determine a pair of TX beam and Rx beam.
1.1. Joint and separate TX/RX beam determination
In DL beam management procedure, UE needs to determine its own RX beam in addition to TX beam of TRP. The design of RS for beam management shall consider UE’s need to test different RX beams. 
With analog beamforming at UE side, UE can only test one analog beam at a time. Therefore, the RS shall meet the requirement of RX beam determination. A straightforward way of RX beam determination is to repeat RS of every TX beam multiple times so that the UE could test and select proper RX beams. By receiving these RS, UE could determine preferred TX beams and corresponding RX beam jointly. Joint TX/RX determination offers the best performance, but it will lead to large number of RS signal. Assume TRP has NTX TX beams, and UE has NRX RX beams to test, then the total number of RS shall be at least NTXxNRX. In a typical large antenna array system, such RS occupies a great amount of system resource.
Joint TX/RX beam determination could be realized by using P-1 together with CSI-RS mapping option 1 or option 2 (terminology according to agreements in RAN1#87 meeting). For example, CSI-RS is transmitted periodically. In each time unit (period) each TX beam’s CSI-RS is transmitted one time on a sub-time unit. CSI-RS mapped to the same sub-time unit of different time unit is transmitted with the same TX beam. UE could test different RX beams by switching RX beams across different time units of CSI-RS transmission. Within a time unit, UE could measure CSI-RS of different TX beams, and make selection of TX beam based on the measurement results. This is achieved by CSI-RS mapping option 2.
CSI-RS of one TX beam can also be repeated multiple times on each sub-time unit within a time unit. UE could test candidate RX beams within one time unit. CSI-RS of different TX beams are transmitted in different time units. UE selects TX beam by measuring CSI-RS on multiple time units. This can be achieved by CSI-RS mapping option 1.
Observation 1:
· Joint TX/RX beam determination could be realized by using P-1 together with CSI-RS mapping option 1 or option 2.
Alternatively, TX beams and RX beams can be determined separately. To be specific, UE determines preferred TX beam with an assumed RX beam so that the CSI-RS design for TX beam selection does not need to consider RX beam determination. For RX beam determination, TRP transmits UE-specific CSI-RS. The UE-specific CSI-RS can be transmitted with beams recommended by UE. By receiving the CSI-RS, UE could select its own RX beam. As the CSI-RS is transmitted with preferred TX beam, the UE selected RX beam could properly receive signal transmitted by the preferred TX beam, i.e., a reasonable TX/RX beam pair could be acquired. Separate TX/RX beam determination could be realized with procedures P-2 and P-3 together with CSI-RS mapping option 3. P-2 is used to determine TX beam and P-3 is used to determine RX beam. In some time units of CSI-RS transmission, TX beams are different across sub-time units. By receiving these time units, UE can determine TX beam and make recommendation to TRP. In other time units of CSI-RS transmission, TX beam is same across sub-time units. By measuring these time units, UE can determine its best RX beam.
Observation 2:
· Separate TX/RX beam determination could be realized by procedures P-2 and P-3 together with CSI-RS mapping option 3. P-2 is used to determine TX beam and P-3 is used to determine RX beam.
The RX beam and TX beam determination can be carried out iteratively to successively update the TX beam and RX beam. TRP and UE maintain a best TX beam and RX beam individually. In the TX beam determination phase (P-2), the TRP sends CSI-RS over beams around the best TX beam and UE receives the CSI-RS with its best RX beam. UE reports recommended TX beam based on the CSI-RS and TRP adjusts the best TX beam based on UE reporting. In the RX beam determination phase (P-3), the TRP sends CSI-RS over the best TX beam and UE receives the CSI-RS with candidate RX beams and possibly selects a new RX beam and updates the best RX beam. The TX beam determination phase (P-2) and RX beam determination phase (P-3) can be controlled by TRP and carried out alternatively. The best TX beam and RX beam would therefore continuously be updated and approach the optimal TX and RX beam. The procedure could be illustrated with example shown in Figure 1. 

Figure 1: Iterative update of TX and RX beam
Proposal 1:
· Joint and separate TX/RX beam determination are supported in NR.
1.2. [bookmark: OLE_LINK5]Beam determination and CSI reporting
Beam management and CSI reporting both are necessary for network to acquire full picture of channel condition between TRP and UE. By beam management, UE reports indices of preferred TX beams and by CSI reporting, UE reports CSI (CQI/PMI/RI) measured on the preferred TX beams. Beam information is actually a kind of CSI, and beam reporting and CSI reporting can be designed under a common framework to reduce specification efforts.
Beam information and CSI could be acquired in one-step reporting or two-step reporting.
By one-step reporting, network configures UE K > 1 CSI-RS resources, each CSI-RS is transmitted from one TX beam and potentially has multiple antenna ports. UE selects one or more preferred CSI-RS resources (beams) and report index together with CSI measured on these resources. Those CSI-RS resources serve as reference signal for both beam training and CSI acquisition. This is analogous to LTE Class B CSI reporting mechanism. With the most complete CSI provided, best system performance is expected. But when lots of beams are involved, the system overhead will prohibit its practical uses.
By two-step reporting, network configures UE K > 1 CSI-RS resources, each CSI-RS is transmitted from one TX beam with one antenna port. UE reports indices of preferred CSI-RS resources. These K resources serve as beam management RS. Based on UE reporting, network select one or more TX beams and send a new set of CSI-RS using these selected beams. UE measures the new set of CSI-RS and report corresponding CSI. This is analogous to hybrid CSI reporting mechanism in LTE Rel-14.
Proposal 2:
· Beam reporting and CSI reporting are designed in the same framework.
· RAN1 to further study how to realize beam reporting and CSI reporting in the same framework.

Conclusions
In this contribution, design details of TX/RX beam determination are discussed, and the following observations and proposals are given:
Observation 1:
· Joint TX/RX beam determination could be realized by using P-1 together with CSI-RS mapping option 1 or option 2.
Observation 2:
· Separate TX/RX beam determination could be realized by procedures P-2 and P-3 together with CSI-RS mapping option 3. P-2 is used to determine TX beam and P-3 is used to determine RX beam.
Proposal 1:
· Joint and separate TX/RX beam determination are supported in NR.
Proposal 2:
· Beam reporting and CSI reporting are designed in the same framework.
· RAN1 to further study how to realize beam reporting and CSI reporting in the same framework.
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