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Introduction
A new study item on new Radio Access Technology (RAT) [1] was approved in RAN#71.Moreover, the followings were agreed in RAN1#86 and RAN1#86bis, respectively [2, 3]:

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

Agreements:
· For hybrid beamforming, at least the following steps for CSI/RSRP acquisition should be studied: 
· Step 1: Beam-based CSI/ and/or RSRP (e.g., based on beam management procedures)
· To determine at least analog beam
·  Using UE feedback and/or beam-based reciprocity
· With beam-based reciprocity, TRP/UE can obtain DL/UL Tx beam from its Rx beam by multi-beam reception
· Step 2: Port-based CSI
· To determine the precoder for digital beam based on the reported analog beam(s)
·  Using UE feedback and/or port-based reciprocity
· With port-based reciprocity, TRP/UE can obtain DL/UL CSI based on UL SRS/DL RS
· Step 3: CQI 
· To determine CQI for data transmission given the reported analog and digital beam
· Based on UE-specific CSI-RS transmission
· Further optimization of the procedure for reciprocity/non-reciprocity can be considered
· Note: Certain steps may be merged/reordered/repeated
· Study the association between UL and DL RS in/among the above steps
· Note: CSI/RSRP acquisition for full digital or full analog beamforming can be a special case of the above framework
· For single-beam based approach, step 1 may not apply

This contribution discusses DL beam management procedure P-2 and P-3 with CSI-RS design consideration of each procedure.

DL beam management procedure P-2/P-3
DL beam management procedure P-2 and P-3 are performed for beam refinement of the beam associated in procedure P-1. As discussed in our companion contribution [4, 5], UE-specific and aperiodic RS (i.e., aperiodic CSI-RS) can be used for beam management procedure P-2 and P-3 as beam refinement should be UE-specific and aperiodic. The CSI-RS for beam refinement can be RRC configured and the transmission of the configured CSI-RS is activated via MAC-CE or L1 control message. After CSI measurement (e.g., RSRP) on the received CSI-RS for P-2, UE reports beam-based CSI parameters such as TRP Tx beam-ID and the corresponding RSRP so that TRP can refine the Tx beam. In case of beam management procedure P-3, there might be no corresponding feedback or UE Rx beam-ID can be reported.
Beam management procedure P-2 and P-3 can be triggered by both network and UE, however, it is more reasonable that P-2 and P-3 are triggered by network and UE, respectively. For the request of beam refinement, UE can utilize uplink control or data channel.

Proposal 1:
· CSI-RS for beam management procedure P-2 and P-3 is UE-specific and aperiodic.
· CSI-RS for beam management procedure P-2 and P-3 is configured in RRC message.
· Transmission of CSI-RS for beam management procedure P-2 and P-3 is triggered through MAC-CE or L1 control message.
· Beam-based CSI parameters may include the following:
· TRP Tx beam-ID and the corresponding RSRP for P-2
· FFS for P-3
· Study the triggering of beam management procedure P-2 and P-3: network or UE based triggering

Details of CSI-RS configuration for P-2/P-3
[bookmark: _GoBack]As discussed in our companion contribution [5], two separate CSI-RS configurations may be needed in NR for multi-beam based case: one for beam quality measurement with beam sweeping and the other for port-based CSI measurement. In Rel-13 LTE (i.e., D-BF architecture), (periodic) CSI-RS only for port-based CSI measurement is utilized and the number of antenna ports, CSI-RS resource, and CSI-RS subframe are included in the configuration. The CSI-RS configured for beam management procedure P-2 and P-3 can be classified as a RS used for beam-based CSI measurement, therefore, the detailed configuration and mapping of RS would be different from that of port-based CSI measurement.
For beam-based CSI measurement in P-2, information of the number of TRP Tx beams to be measured by UE for the beam refinement should be configured. 
Meanwhile, for beam-based CSI measurement in P-3, CSI-RS supports the functionality that the UE is able to measure beam-based CSI for one or multiple different UE Rx beams. One design method is the signal for one TRP Tx beam has multiple time repetitions to allow the UE to do Rx beam sweeping. The number of repetitions of CSI-RS can be decided from TRP depending upon the UE’s request of required number of training Rx beams for P-3. The information can be delivered as follows:
· Alt 1: Information delivery in Msg 3 during RA procedure
· Alt 2: Information delivery during UE capacity negotiation procedure
· Alt 3: Information delivery along with the P-3 triggering message
The required number of training Rx beams can be same or smaller than the number of Rx beams UE uses for the beam sweeping. UE can be informed of the number of repetition of CSI-RS for P-3 via followings:
· Alt 1: as a CSI-RS configuration
· Alt 2: along with the activation message of P-3 in MAC-CE or L1 control channel
Note that the beam measurement procedure P-3 is not needed for the UE with no beam sweeping capability.

Proposal 2:
· CSI-RS for beam management procedure P-2 need to be configured according to the number of TRP Tx beams measured for the refinement.
· CSI-RS for beam management procedure P-3 need to be configured according to the number of training Rx beams UE sweeps for the refinement.
· The number of training RX beams can be requested by UE and TRP may decide the CSI-RS pattern for P-3 depending upon the UE’s request.

Conclusions
The proposals of this contribution are summarized below:
Proposal 1:
· CSI-RS for beam management procedure P-2 and P-3 is UE-specific and aperiodic.
· CSI-RS for beam management procedure P-2 and P-3 is configured in RRC message.
· Transmission of CSI-RS for beam management procedure P-2 and P-3 is triggered through MAC-CE or L1 control message.
· Beam-based CSI parameters may include the following:
· TRP Tx beam-ID and the corresponding RSRP for P-2
· FFS for P-3
· Study the triggering of beam management procedure P-2 and P-3: network or UE based triggering
Proposal 2:
· CSI-RS for beam management procedure P-2 need to be configured according to the number of TRP Tx beams measured for the refinement.
· CSI-RS for beam management procedure P-3 need to be configured according to the number of training Rx beams UE sweeps for the refinement.
· The number of training RX beams can be requested by UE and TRP may decide the CSI-RS pattern for P-3 depending upon the UE’s request.
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