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Introduction
So far there has not been many discussions about beam management in RAN2. In RAN2#95 in Gothenburg, the following has been agreed:=>	Discussion of this topic will be treated with lower priority until RAN1 have concluded whether the beam mobility will have visibility to L2/3

RAN1 has not yet progressed to the stage of finalizing beam management details such that it could provide complete input to RAN2 on needed L3/L2 support. However, it is possible to form certain understanding on which parts would involve RAN2 and how and which part do not need RAN2 attention while for some aspects it is still better to wait for RAN1 progress. 
CSI-RS configuration and corresponding reporting for beam management
For DL beam management, procedures P1, P2 and P3 has been defined in RAN1 in order to facilitate discussion:
· 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

For these procedures, CSI-RS reference signals are needed in order to recognize a TRP in a single cell ID scenario. RAN1 has agreed that the CSI-RS are UE specifically configured. Further, there is agreement that there is common framework for beam management and CSI acquisition:

Agreements:
· Cell-specifically configured CSI-RS is not supported for beam management

Agreements:
· RAN 1 should support common configuration framework for beam management and CSI acquisition
· Aspects specifically related to beam management into the merged framework to be incorporated
Note: maximum number of simultaneously triggered report settings and the maximum number of links corresponding to those triggered settings can be different for reporting types (e.g. beam reporting, CSI reporting)
Thus, the CSI-RS configuration and operation for beam management follows the CSI acquisition framework:

Agreements:
· A UE can be configured for CSI acquisition with the following features:
· N≥1 CSI reporting settings, M≥1 RS settings, J≥1 IM settings, and a CSI measurement setting which links the N CSI reporting settings with the M RS settings and J IM settings
· A CSI reporting setting includes at least the following:
· Time-domain behavior: aperiodic or periodic/semi-persistent
· Frequency-granularity, at least for PMI and CQI
· FFS: Which CSI parameters are reported
· If PMI is reported, PMI Type (Type I or II) and codebook configuration 
· An RS setting includes at least the following:
· Time-domain behavior: aperiodic or periodic/semi-persistent
· RS type which encompasses at least CSI-RS
· RS resource set(s) of K resources
· An IM setting includes at least the following:
· Time-domain behavior: aperiodic or periodic/semi-persistent
· IM types which encompasses CSI-IM
· FFS: RS setting and IM setting can be merged
· A CSI measurement setting includes at least the following :  
· One CSI reporting setting
· One RS setting
· One IM setting
· For CQI, reference transmission scheme setting
· Study the possibility of configuring a UE with multiple CSI measurement settings including dynamic indication to select a preferred CSI measurement setting
· Including selection of resource(s) out of the K resources within an RS setting
· UE supports up to L CSI measurement
· Value of L may depend on the UE capability

The notion of resource set resembles LTE TM10 CSI-process which may include multiple NZP CSI-RS configurations. Further, there are similarities to eFD/FD-MIMO where K CSI-RS resources per CSI-process can be configured to the UE out of which UE indicates with CRI a resource(s) and provides corresponding CSI(s). This would follow LTE in having IEs for resource configuration and IEs for reporting configuration where the resource configuration would include parameter about RE pattern, n of antenna ports, periodicity, etc according to final parameters from RAN1.

Observation 1 [bookmark: _Toc485314135][bookmark: _Toc485406580]RAN1 decided to have common framework for CSI and beam management.


Beam management of beam-pair links 
Agreement:
· NR-PDCCH transmission supports robustness against beam pair link blocking
· UE can be configured to monitor NR-PDCCH on M beam pair links simultaneously, where
· M≥1. Maximum value of M may depend at least on UE capability.
· FFS: UE may choose at least one beam out of M for NR-PDCCH reception
· UE can be configured to monitor NR-PDCCH on different beam pair link(s) in different NR-PDCCH OFDM symbols
· …

Beam management can consist of a baseline procedure in which a single beam-pair link (BPL) is established, e.g., for short packet data sessions. For longer data sessions, an extended procedure may be invoked in which multiple BPLs are established. This can be beneficial, for example, to achieve PDCCH robustness whereby the gNB can transmit PDCCH on multiple BPLs simultaneously or in TDM fashion (see Agreement above). 
Beam management can be done based on NR-SS or based on CSI-RS. Beam management based on NR-SS is coarser as the beams represented by NR-SS are typically coarser than beams represented by CSI-RS. Especially in initial access and possibly in HO, beam management is started based on NR-SS. Related RAN1 agreement is
Agreement: (RAN1#88b)
· Study whether or not support mechanism for UE to provide L1/L2 reports based on SS-block measurements for beam management
· FFS which channels/signals in SS-block for measurement
· Especially in light of L3-RSRP
· Study further whether or not to have a unified format for L1-RSRP measurement report of SS-block and CSI-RS

It will be discussed if L1 RSRP possibly with beam index is reported for NR-SS based beam management. If this or another L1 indication is agreed, there is no need for L2 indication of NR-SS beam. During DL beam management procedure based on CSI-RS, a UE performs measurements on a set of beamformed CSI-RS resources, where the beamforming may be configured, for example, to sweep across a portion of the TRP coverage area. For a P2 procedure, the UE reports an index or identifier (CRI) corresponding to one or more preferred CSI-RS resources, as well as the corresponding measurement(s), e.g., RSRP or CSI parameters CQI, RI, PMI. The reported CRI(s) indicate the preferred gNB Tx beam(s) as seen from the UE perspective. For a P3 or joint P2/P3 procedure, the UE may also adapt its Rx spatial filtering configuration (beamforming weights) to find a preferred UE Rx beam corresponding to each one of the preferred gNB Tx beam(s). Thus, maintenance of one or multiple BPLs is L1 procedure for which corresponding reporting and RS configuration involves L2/L3 as discussed in Section 2.
Observation 2 [bookmark: _Toc485314136][bookmark: _Toc485406581]Procedure for NR-SS beam management is under discussion in RAN1.
Observation 3 [bookmark: _Toc485314137][bookmark: _Toc485406582]Maintenance of one or multiple BPLs based on CSI-RS is L1 procedure for which corresponding reporting and RS configuration involves L2/L3.

[bookmark: _Toc485314143][bookmark: _Toc485406583]RAN2 does not need to discuss L2 support for NR-SS or CSI-RS based beam management.

Beam indication for NR-PDCCH/PDSCH
Agreement 3:
· Indication of QCL between the antenna ports of two CSI-RS resources is supported.
· By default, no QCL should be assumed between antenna ports of two CSI-RS resources.
· Partial QCL parameters (e.g., only spatial QCL parameter at UE side) should be considered. 
· For downlink, NR supports CSI-RS reception with and without beam-related indication,
· When beam-related indication is provided, information pertaining to UE-side beamforming/receiving procedure used for CSI-RS-based measurement can be indicated through QCL to UE
· QCL information includes spatial parameter(s) for UE side reception of CSI-RS ports
· FFS: information other than QCL
Agreement 4:
· For reception of unicast DL data channel, support indication of spatial QCL assumption between DL RS antenna port(s) and DMRS antenna port(s) of DL data channel: Information indicating the RS antenna port(s) is indicated via DCI (downlink grants)
· The information indicates the RS antenna port(s) which is QCL-ed with DMRS antenna port(s) 
· FFS: Indication details
· E.g. explicit indication of RS port/resource ID, or implicitly derived 
· …
Agreement 5:
· …
· Configuration of QCL for UE specific NR-PDCCH is by RRC and MAC-CE signalling
· Note that MAC-CE is not always needed
· FFS: necessity of DCI signalling
· Note: For example, DL RS QCLed with DMRS of PDCCH for delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial parameters

For beam indication for NR-PDCCH/PDSCH QCL indications are needed. There exist some preliminary RAN2 related agreements in RAN1 though this topic is currently under discussion there. For the QCL indications between an RS and NR-PDCCH or NR-PDSCH RAN2 should wait for RAN1 progress before any RAN2 discussion.
 
[bookmark: _Toc485314144][bookmark: _Toc485406584]For the QCL indications between an RS and NR-PDCCH or NR-PDSCH RAN2 should wait for RAN1 progress before any RAN2 discussion.



Conclusion
In this contribution, we made the following observations:
Observation 1	RAN1 decided to have common framework for CSI and beam management.
Observation 2	Procedure for NR-SS beam management is under discussion in RAN1.
Observation 3	Maintenance of one or multiple BPLs based on CSI-RS is L1 procedure for which corresponding reporting and RS configuration involves L2/L3.
[bookmark: _Hlk485400682]
Proposal 1	RAN2 does not need to discuss L2 support for NR-SS or CSI-RS based beam management.
Proposal 2	For the QCL indications between an RS and NR-PDCCH or NR-PDSCH RAN2 should wait for RAN1 progress before any RAN2 discussion.
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