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1. Introduction
Beam management procedures were discussed in RAN1#86 meeting [1], and the following agreements were made:
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 addition, RAN1 agreed to study beam management procedures under different channel reciprocity assumptions and study different methods of determining Tx/Rx beams:
Agreements:
· Consider different channel reciprocity assumptions in beam management procedures 

· At a TRP or UE, with TX and RX channel reciprocity (full or partial) (e.g., beam reciprocity), TX beam (or RX beam) can be obtained from RX beam (or TX beam) to reduce overhead and latency

· Without TX and RX channel reciprocity, beam management procedure may require TX and RX beam sweeping in both DL and UL links

· RAN1 study different methods of determining Tx and Rx beam(s) for communication on one link direction (uplink or downlink), e.g.,

· Joint determination: Tx beam and Rx beam are determined jointly

· Separate determination: Tx beam or Rx beam are determined sequentially. 

· Multi-stage determination: for instance, coarse Tx-Rx beam determination followed by fine Tx-Rx beam determination

· Study beam management procedure with and without explicit signaling of beam(s) or beam group(s) used for transmission
In this contribution, beam management procedures would be further discussed.
2. Discussion on beam management procedures
As per agreements in RAN1#86 meeting, beam management is defined as a set of L1/L2 procedures to acquire and maintain a set of TRP(s) and/or UE beams that can be used for DL and UL transmission/reception.
For DL, TRP shall maintain a TX beam for transmission, and UE shall maintain an RX beam for reception. For UL, TRP shall maintain an RX beam for receiving signal transmitted from a UE, and the UE shall maintain a TX beam for transmission to the TRP. 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, TX beam and Rx beam shall be managed in terms of beam pair.
2.1. Beam management for DL transmission
For DL transmission, the TX beam used for transmission could be acquired from UE reporting, e.g., UE reports a set of candidate TX beams for transmission, and TRP selects one TX beam from those candidates. The RX beam used by UE shall match the TX beam used by the TRP; otherwise, UE may fail to receive data transmission. There are two different ways for UE to set proper RX beam:
Alt-1: Transparent approach
By transparent, we mean that UE does not know which TX beam would be used for data transmission. RX beam used for reception could be obtained by UE through measurement on DL signal. For example, TRP transmits a RX beam training signal, and the training signal is transmitted with the beam that would be used for following data transmission. UE tests candidate RX beams by receiving the training signal, and selects a proper RX beam.
Advantage of transparent approach is that the TX beam can be selected arbitrarily without constraining in a predefined codebook. The main drawback of transparent approach is the overhead for additional RX beam training signal transmission.
Alt-2: Non-transparent approach
By non-transparent approach, UE is made aware of the TRP TX beam by receiving an explicit signaling from TRP. In the signaling, information about the TX beam is included. Then UE selects the RX beam corresponding to the indicated TX beam. The mapping between TX beam and RX beam is established by measuring beam training signal.
No additional overhead for RX beam training is incurred by non-transparent approach. The TX beam is constrained within those beams that are used for training signal transmission.
Proposal 1:
· NR supports transparent and non-transparent beam management approaches.
Typically, a TRP is equipped with far more antenna elements than a UE due to the form factor constraint on UE. As a result, for DL transmission, number of TX beams would be significant larger than number of RX beams. Overhead for signaling TX beam may present a problem in some system with massive antenna array. If, however, the indication of TX beam is solely for UE to set RX beam, the TRP can then instead indicate to UE which RX beam shall be used. To facilitate this, UE needs to report an RX beam index for each recommended TX beam. After scheduling decision is made, TRP determines the TX beam for data transmission and the corresponding RX beam based on UE reporting. RX beam is then indicated by downlink control signaling with fewer bits than indication of TX beams.
Proposal 2:
· NR support RX beam index reporting to reduce control signaling overhead.
TX beam and RX beam are sensitive to UE movement, rotation and blockage, etc. To improve robustness of beamforming against these factors, multi-beam transmission was proposed, e.g., multi-beam diversity, or multi-beam multiplexing. By these schemes, a single data layer is transmitted from multiple spatial beams to improve robustness against blockage, rotation, etc.
To support these schemes, multiple TX/RX beam pairs shall be maintained by TRP and UE. Once UE is aware of the multiple TX/RX beam pairs, the TX beam used for data transmission can be dynamically switched, e.g., using one selected beam for transmission, or using multiple beams for diversity transmission.
Proposal 3:
· NR beam management procedures should support management of multiple TX/RX beam pairs.
2.2. Beam management for UL transmission
Beam management procedures for UL transmission depends on status of channel reciprocity.
Channel reciprocity holds at UE
When channel reciprocity holds, UE can derive UL TX beam from DL RX beam based on channel reciprocity. UL TX beam can then be determined as a result of DL beam management procedure. From DL beam management procedure, UE determines DL RX beam and hence UL TX beam is determined based on channel reciprocity.
Regarding UL RX beam at TRP side, if channel reciprocity holds at TRP, TRP can use the RX beam derived from TX beam of TRP based on channel reciprocity. In other words, if channel reciprocity holds at both TRP and UE, only DL beam management procedure is needed, and UL TX/RX beam can be obtained thereof.
If channel reciprocity does not hold at TRP, the UE needs to send training signal for TRP to adjust RX beam. The training signal is transmitted by the determined TX beam.
Channel reciprocity does not hold at UE
In this case, UL TX beams for UE is indicated from TRP, and TRP selects the TX beam based on measurement of uplink training signal transmitted by UE. The training signal is transmitted with candidate UL TX beams of UE.
If channel reciprocity holds at TRP, TRP can receive the training signal by using RX beam derived from DL TX beam based on channel reciprocity. When channel reciprocity is not valid at TRP, the training signal shall also enable TRP to select proper RX beam.
Explicit signaling is sent to indicate UE the UL TX beam.
3. Conclusions

In this contribution, beam management procedures are discussed, and the following proposals are given:
Proposal 1:
· NR supports transparent and non-transparent beam management approach.
Proposal 2:
· NR supports RX beam index reporting to reduce control signaling overhead.
Proposal 3:
· NR beam management procedures should support management of multiple TX/RX beam pairs.
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