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1. Introduction
The following topics have been identified as the main scope of contributions within the section 8.1.2.2.1. The document lists the WFs that have been submitted in these topics and subsequent sections identify the main issues within each of them. 
1. Use of SS Blocks towards beam management: 
a. R1-1706480 WF on using SS Block towards beam management: Qualcomm, LG, Ericsson, AT&T, Xinwei, Oppo, [ZTE]
2. RS for beam measurement
a. WF on beam measurement RS: Samsung
3. Beam indication and QCL aspects (CSI-RS with other RSs and DL channels): 
a. WF from LG
b. WF on beam indication for PDCCH: Samsung, Intel
c. WF on Beam Indication for Beam Management (Huawei, HiSilicon)
4. Grouping of beams: 
a. WF from ZTE
b. WF from CATT
5. Combined framework for CSI acquisition and beam management: (Also covered in 8.1.2.3.1 – so we remove from this list)
a. WF from Ericsson
6. UL beam management
a. WF on UL beam management: Mediatek
b. WF on multi-beam based PUCCH transmission: LGE, WILUS Inc., KT Corp.
c. WF on UL Tx beam indication for UL beam management: LGE, CATT, Samsung
7. DL and UL association under beam correspondence 
a. Way Forward on RS association for UL and DL beam management: ZTE (8 companies)

This document describes the discussion/WFs in the topics listed above.
2. SS blocks for beam management
Main focus in this topic is to include the SS blocks as a signal for beam management. The following WF was submitted by Qualcomm and supported by ATT, Ericsson, ZTE, LG, Oppo.

R1-1706840 – WF on using SS blocks towards beam management
•       Support mechanism for UE to provide L1/L2 reports based on SS-block measurements for beam management.
•       Strive to support a unified format for L1 -RSRP measurement report of SS-block and CSI-RS

3. RS for beam measurement
WF describes support for CSI-RS options for beam measurement. 

Key proposal: Cell-specific for P1 and to determine the UE-common PDCCH/PUSCH, and UE-specific for P2/P3 and UE specific PDCCH/PUSCH


WF from Samsung and others.
· Cell-specific CSI-RS is supported for beam measurement to support (at least)
· Cell-specific Tx/Rx beam alignment (P1)
· UE Tx/Rx beam selection for receiving UE-common PDCCH and UE-common PDSCH
· Based on UE report, Tx beam/Rx beam/BPL indication by the network for receiving UE-specific PDCCH and UE-specific PDSCH 
· UE-specific CSI-RS is supported for beam measurement to support (at least)
· Tx/Rx beam refinement (P2/P3)
· Based on UE report, Tx beam/Rx beam/BPL indication by the network for receiving UE-specific PDCCH and UE-specific PDSCH

4.  Beam indication and QCL aspects (CSI-RS with other RSs and DL channels)
The key ideas covered here are on the indication of a beam-pair and the QCL of one port w.r.t to another. 
Main issues concern the identification of the suitable Rx beam at the UE for a given transmission from the eNB (and vice-versa). The mechanisms proposed include 
(i) the explicit characterization of a quantity/entity BPL and signaling it
(ii) through an indicator tag that points to a previously configured csi-rs port(s)

Signaling of QCL between different ports is another consideration.
WF from Nokia:
· BPL definition = a UE RSRP/CSI measurement of RS ports signals (e.g. CSI-RS) comprising of a TX and RX spatial filtering configurations defines a BPL. 
· A UE reports BPL RSRP according to reporting configuration 
· BPL RSRP is based on L1 measurements, FFS: measurements details such as range, resolution, filtering etc.
· RSRP reporting can be gNB triggered or L2 based UE triggered.
· RAN1 sends LS to RAN4 informing the beam management definitions 

WF from Huawei:
· NR defines beam pair link (BPL) to represent a beamformed communication link between gNB and UE
· Note: DL and UL BPLs can be different
· NR supports using BPL indicator for beam indication for DL beam refinement/tracking
· Examples
· If previous beam reporting contains only information indicating gNB Tx beams and information on UE Rx beam groups/sets were not reported (turned off), from the received BPL indicator, UE knows Rx beam around which to perform beam refinement for e.g., P-3 procedure
· If UE Rx beam groups/sets were reported before, from the received BPL indicator, UE knows which UE Rx beam group/set should be used for e.g., P-2 procedure
· Study how to use BPL indicator for beam indication for UL beam refinement/tracking
WF from Ericsson, Intel, ZTE
· For DL beam management, when multiple L1 links between the gNB and UE within a cell are maintained for the purposes of data and/or control channel transmission/reception, NR supports the following
· Indication of spatial QCL assumption to assist UE-side beamforming/receiving in the form of a N-bit indicator tag where the indicator tag implicitly refers to one or more preconfigured CSI-RS resource(s)/port(s) sets transmitted in one or more previous slots
· For reception of CSI-RS, the indicator tag indicates spatial QCL between one or more current CSI-RS resource(s)/port(s) to be transmitted and one or more preconfigured CSI-RS resource(s)/port(s) transmitted in one or more previous slot(s)
· For reception of PDSCH/PDCCH, the indicator tag indicates spatial QCL between DMRS for PDSCH/PDCCH and one or more preconfigured CSI-RS resource(s)/port(s) in one or more previous slot(s)
· To support multi-beam transmissions, FFS whether one indicator tag or multiple indicators tags are needed for reference to multiple preconfigured CSI-RS resource(s)/port(s) in one or more previous slot(s)
· FFS: value of N where N is chosen to ensure low overhead, e.g., N = 2
· FFS: indicator tag for indicating QCL to other reference signals, e.g., SS, RS for mobility
· FFS: indication method, e.g., DCI, MAC-CE, RRC
5. Grouping of beams
WF describes proposals and main ideas on beam grouping. The discussion is mainly on the mechanism for grouping the TX beam.
(i) A proposal is to group Tx beams based on UE antenna groups can receive the beams
(ii) Another proposal is a more general way of defining Rx beam sets which can receive a set of TX beams.

WF on beam reporting: ZTE
· NR supports Alt1 of group based beam reporting i.e. UE reports information about TRP Tx Beam(s) that can be received using selected UE Rx beam set(s) 
· Merge of Alt2 into Alt1 is supported by tagging UE antenna group ID(s) on each reported TRP Tx Beam in each selected Rx beam set
· Different TRP Tx beams reported for the same Rx beam set can be received simultaneously at the UE. Indication of antenna group ID is to distinguish between the following two cases:
· Signals carried by different TRP Tx beams reported for the same Rx beam set with different UE antenna group  ID can be spatially multiplexed.
· Signals carried by different TRP Tx beams reported for the same Rx beam set with the same UE antenna group ID may not be possible to be spatially multiplexed but they can be used for joint transmission/diversity purpose.
· Beam selection rule for a UE to select TRP Tx beams for spatial multiplexing should follow TRP constraint on which TRP Tx beams can or cannot be transmitted simultaneously from TRP perspective.
· Such constraint is indicated by TRP to UE

WF on beam reporting: CATT, Intel

· Adopt at least Alt-2, i.e., UE reports information about TRP Tx Beam(s) per UE antenna group basis where UE antenna group refers to receive UE antenna panel or subarray. 
· Consider the possibility of merging Alt-1 into Alt-2 
· Identify scenarios where different Tx beams reported for different antenna groups can or cannot be received simultaneously at UE, and if needed any signaling support 
· FFS how UE antenna group is captured in the specification 
· E.g. group size, group reporting format

6. UL beam management
Key areas of discussion are on the following:
· Signals and channels for determining the beams used for UL transmissions
· Procedures to be used: U1, U2 or U3
· Power control used during such procedures
· How to indicate the resources used for determining the UL beams – e.g. SRS resource indication
· Explicit vs. implicit

WF from Mediatek
· Confirm the WA to support NW-controlled mechanism for beam management for UL transmission(s) at least when beam correspondence does not hold 
· Considering at least SRS to support U-1/U-2/U-3 procedures
· Support UE to provide information to gNB to assist UL beam management without UE beam correspondence
· E.g., the amount of SRS resources that is needed to train UE Tx beams, based on DL beam management results if available
· Support gNB to indicate which of Alt 1 and Alt 2 is used for determining UE SRS Tx beamformer
· FFS: implicit or explicit indication
· Study whether and how UE to use same transmission power for SRS transmission during one round of beam sweeping
· E.g., derived from beam-specific power control signalling and maximum transmit power
WF from LGE:
· NR supports NW signaling of SRI for SRS Tx beam determination.
· The SRI is selected among configured SRS resources for UL beam management, to be applied for SRS Tx beam(s) for an SRS resource for UL CSI acquisition or SRS resource(s) for further beam refinement/measurement.
· FFS: the NW indication of one or more SRI(s) is via DCI or MAC CE
FFS: the NW indication can also include SRS port index


7. DL and UL association under beam correspondence
Another topic under discussion is the association of DL and UL ports in scenarios where reciprocity is available. A proposal is to explicitly or implicitly signal such an association to the eNB or the UE. The Physical channels/RSs where such association is assumed is also under consideration.
· For the case of beam correspondence at both gNB and UE, NR supports  association between UL and DL RS resources and/or antenna ports of RS resources transmitted/received at the UE
· [bookmark: _GoBack]FFS: definition of association
· E.g. by spatial reciprocal quasi-co-location
· Association can be implicitly assumed (by specification) or explicitly signaled
· E.g., UL SRS/DM-RS/RACH are associated with DL CSI-RS/DM-RS/SS
· FFS: Details of explicit association signaling (if any)
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