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1. Introduction
The document lists the WFs that have been submitted in these topics and subsequent sections identify the main proposals based on the offline discussion. 
This document summarizes the discussion in the topics listed below: 
1. RSs used for beam management
2. Beam grouping/Indication/Reporting
3. Beam recovery
4. UL beam management

2. RS used for beam management
Proposals on the RSs used for beam management and how they are configured. Based on some representative contributions, it appears the following issues remain.

1. Supporting the use of SS-blocks for beam management
a. If supporting, whether L1-RSRP can be used or not
b. If supporting, whether it is for all P1, P2 and P3 procedures or not

2. On RS used for deriving the QCL for PDCCH
a. SS block and/or CSI-RS
b. For CSI-RS, aperiodic vs. P/SP

WF on use of SS blocks in beam management - Qualcomm, Ericsson, Samsung, ZTE, ATT, National Instruments, KT, Vivo, Oppo, LG, Xinwei, CeWiT, IITH, Nokia, ASB, DoCoMo, Mediatek, [Spreadtrum]
· Support L1-RSRP reporting of measurements on SS block for beam management procedures. 
Way Forward on Beam Reporting – Intel, Huawei, Interdigital, CATT
· [bookmark: _GoBack]Support beam reporting of measurements only based on UE specifically configured CSI-RS for beam management. 

3. Beam grouping/indication/reporting
Key issues under this topic:

1. Beam tagging – how to indicate BPL;

2. On signaling the QCL for PDCCH/PDSCH
a. RRC and MAC-CE only vs. include DCI to the previous two.

3. Whether Alternative A1 or A2 is preferred and if one of them is chosen, whether the hierarchical grouping is supported or not.
a. How beam indication is realized when beam grouping is used

WF on group-based beam reporting - ZTE, ASTRI, Nokia, ASB, NTT DOCOMO, Intel, Qualcomm, Samsung, AT&T, [Ericsson, Huawei]
Working assumption:
· NR supports Alt. 1 and Alt.2 of group based beam reporting
· If Alt.1 is used,
-  A1: Different TRP Tx beams reported for the same group can be received simultaneously at the UE.
-   FFS: Different TRP TX beams reported for different groups cannot be received simultaneously at the UE
·  If Alt.2 is used,
- A2: Different TRP TX beams reported for different groups can be received simultaneously at the UE.
- FFS: Different TX beams reported for the same group cannot be received simultaneously at the UE   

· Support UE indication of capability to support both or neither
· FFS: strive to minimize UE capability signalling overhead
· Whether Alt1, Alt2, or neither is used is UE-specifically configurable 
· Switching between Alt1, Alt2 and turning off is controlled by the gNB.
· FFS: dynamic vs. semi-static switching
· Signaling details for Alt1 and Alt2 is FFS
· Note: the format may or may not be different for the two alternatives
·  UE-specific configuration of parameters L (the number of groups requested by gNB to report), Q (number of Tx beams per group requested by gNB to report) incorporating UE capability information is supported.

· FFS: Whether and how beam indication relates to group based reporting, including signaling details


Support at least the option A1.
· Companies are encouraged to provide results on the performance benefits of grouping and different alternatives.
Oppose: Intel, MTK

Oppose

Company view:
Not opposed to both: SS, DCM, Nokia, E///, Oppo, Intel, MTK, ASB, ZTE, QC
Oppose: HW, LG, HiSi, CATT



CMCC: Can all UEs support both alts
LG, Huawei, CATT, E///, : Why we need two alts
DCM, LG – We need two alts – has advantages, SU-MIMO/MU-MIMO differences..


WF on DL Beam Indication – Ericsson, Qualcomm, [Huawei, Nokia]...
· For beam management with beam-related indication, NR supports the following procedures, at least for the case when beam group reporting is not configured
1. Support Dynamic DL signaling of an indicator (LOI) based on UE measurement and/or reporting on a set of reference signals used for beam management purposes
· Low overhead indicator could be a new indicator or reuse of existing indicator e.g. CRI/SRI (or other indicators)

when triggering UE measurement and reporting on a set of reference signals (e.g., CSI-RS, SS) used for beam management purposes
· FFS: Detailed format of the indicator, including maximum bitwidth, e.g., [2] bits

2. Beam-related indication for PDSCH reception where the scheduling DCI contains a value of the LOI

· The UE may assume that the PDSCH DMRS is spatially QCL with the preferred CSI-RS resource reference signal from the most recent measurement report associated with the LOI value

3. Beam-related indication for PDCCH reception where a value of the LOI is signaled to the UE

· The UE may assume that the PDCCH DMRS is spatially QCL with the preferred CSI-RS resource reference signal from the most recent measurement report associated with the LOI value
· FFS: Signaling details for the LOI
· FFS: Beam indication when beam group reporting is configured

Offline agreement:
RAN1 to study the relation (if any) between a measurement and/or reporting on a reference signal and a subsequent beam indication for beam management purposes
· Study the indicator(s) used for PDCCH and PDSCH 
· Study whether there is a relationship between the indicator types e.g. same type of indicator or different types

SS: Concerns on robustness
E/// - ACK/PUCCH provides robustness


WF on beam indication for PDCCH – Samsung

· Idle mode/RRC Inactive Mode: NR-PDCCH BPL is based on QCL association to UE’s detected SS Block during initial access. 
· RRC Connected Mode: NR-PDCCH BPL is based on QCL association to either SS Block or P/SP CSI-RS
· Configuration of QCL association is through RRC and MAC-CE signaling
· DCI signaling for QCL indication for NR-PDCCH is not supported

WF on beam indication for PDSCH – Samsung

· The set of (SS blocks and) CSI-RS resources that can be used as QCL reference are RRC configured with the corresponding identifiers
· Reuse RRC configuration of resources for CSI framework
· Including SS blocks as a set of candidate QCL references as well if it is agreed to use SS block for beam management
· (SS block) and CSI-RS resource configured by RRC can be activated/deactivated for QCL reference
· At least for CSI-RS, reuse the activation/deactivation mechanism of RS resource for CSI framework
· For SS blocks, it is FFS whether to reuse the activation/deactivation mechanism of RS resources for CSI framework
 
· DCI indicates the identifier of an activated (SS block) or CSI-RS resource for QCL indication for NR-PDSCH



WF on Beam Reporting – Huawei, HiSilicon, Samsung, Intel, Nokia, ASB

Offline agreement:

· Study L1-RSRP reporting of multiple beams considering
· Differential L1-RSRP for multiple beams
· Reference RSRP for L1-RSRP differential report,e.g., predefined or configurable
· Bit-width of reporting, 
· Number of groups/beams per group 
· UCI design of the beam reporting, 
· FFS: Other issues





· The UE can report N selected CRIs where the reported CRIs are sorted to indicate the relative L1-RSRP information. 
· E.g., reporting {CRI1,CRI2,…,CRIN}, the ordering information can indicate that CRI1 has the largest RSRP, CRI2 has the second largest RSRP, etc.
· Study further details of reporting mechanism for differential L1-RSRP reporting:
· Reference RSRP for L1-RSRP differential report,e.g., predefined or configurable
· RSRP reporting range 
·  RSRP reporting resolution            

WF on beam indication for UE-specific PDSCH – CATT, Samsung
· Study the following options for addressing the gap between NR-PDCCH and NR-PDSCH
· Fast beam switching: one NR-PDCCH is associated with one NR-PDSCH
· Option 0: 
· DCI indicates the QCL assumption for corresponding PDSCH scheduled by the DCI. It is up to TRP’s implementation using ‘scheduling offset’ to resolve the issue.
· Option 1: 
· Pre-determined gap (e.g. symbol level or slot level)
· Option 2:
· PDSCH comprises two parts: part I uses a default beam, part II uses beam indicated in NR-PDCCH (e.g. 
· Slow beam switching:  One NR-PDCCH is associated with N consecutive NR-PDSCH 
· Option 3:  QCL assumption window (e.g. gap between NR-PDCCH and the first NR-PDSCH)
· Other options are not precluded

· Support UE to report the Rx beam capability and DCI decoding capability (e.g., how much gap between PDCCH and PDSCH is needed) to assist the TRP scheduling.
· Consider at least DL scheduling flexibility, PDCCH overhead and system throughput in the studies.

4. Beam recovery
Summary on NW Response
· Proposals (1):

Possible agreement:
· From RAN1-89, If not detected after a certain number of transmission(s), UE notifies higher layer entities
· FFS the number of transmission(s) or possibly further in combination with or solely determined by a timer 

Offline agreement:

· RAN1 agrees that the certain number of beam failure recovery request  transmissions is NW configurable by using some parameters
· Parameters used by the NW could be:
· Number of transmissions
· Solely based on timer
· Combination of above
· FFS: whether beam failure recovery procedure is influenced by the RLF event

· In case of unsuccessful recovery from beam failure, UE sends an indication to higher layers, and refrains from further beam failure recovery
· Relationship between RLF and unsuccessful beam failure recovery indication (if any) e.g. whether beam failure recovery procedure influences or is influenced by the RLF event
· Send LS to inform RAN2







· The certain number of transmission(s) of beam failure recovery request on non-contention-based PRACH is NW configurable
· 
· Down-select between number of transmissions and time duration


· In case of unsuccessful recovery from beam failure, UE sends an indication to high layer for RLF handling and refrains from further L1/L2 beam failure recovery effort
· Send LS to inform RAN2
· Issues that may reach consensus
· Support a configurable timer in combination with a configurable number of transmission(s) to trigger higher layer indication in case of unsuccessful recovery of beam failure

Summary on Trigger condition 
· Proposal
· Confirm WA trigger condition 1 with following revision
· When beam failure is detected and candidate beam is identified at least for the case when only CSI-RS is used for new candidate beam identification
· Issues that may reach consensus
· Support trigger condition 2 when at least one out of more than one serving beams has not been detected as beam failure
· Configurable triggering parameters at least including threshold (e.g., SINR or RSRP value) and monitor time window for serving beam(s) and candidate beam(s)
· Other parameters are not excluded, e.g., number of the failed serving beams, percentage of failed measurements within evaluation duration for one serving beam, offset value between serving beam and candidate beam quality
· Down-select quality measure for beam failure detection and for candidate beam identification from the following two options
· SINR-like
· RSRP-based
Summary of PRACH based Request:
· Proposal
· Contention-based 4-step RACH is used as supplement
· non-contention-based PRACH resources CDM’ed to traditional PRACH resources
· Issues that may reach consensus
· non-contention based PRACH optimization for UL in-sync scenarios based on the following
· Increased number of cyclic shift values, decreased PRACH BW (i.e., reduced sequence length), removing guard interval
Summary on PUCCH based Request
· Proposal:
· For PUCCH-based request, support multiplexing beam recovery request and scheduling request
· Issues that may reach consensus
· PUCCH-based request to recover from beam failure on one carrier may be transmitted on another carrier


5. UL beam management
1. Proposals on using SRS as the baseline for UL beam mgmt.
a. If yes, whether aperiodic SRS is baseline or not

2. Whether to use DL beam mgmt. towards UL beam mgmt. in the non-reciprocity scenario

3. SRS port patterns for beam sweeping if supported
a. If power difference across symbols of SRS can be supported or not

WF on SRS for UL beam management - OPPO, Intel, Samsung, Xinwei 
· Only one Tx beam is applied to a SRS resource
· The same transmit power is applied to all time instance(s) of one SRS resource
· Multiple SRS resources can use the same transmit power for UL beam management 
· FFS how to achieve the same transmit power for the SRS resources

WF on SRS beam sweeping behavior - LG Electronics, Huawei, HiSilicon, [Samsung]
· Support SRS configuration for UE to derive the UL beam sweeping behavior for SRS transmissions
· UE applies the same Tx beam within a single SRS resource
· UE applies same or different Tx beams across different SRS resources based on gNB indication 
· FFS whether implicit or explicit indication is used

WF on UE assistance information for UL Beam Management – MediaTek, Samsung, Intel, [Huawei, HiSilicon, ZTE] 
· Support UE to provide information to gNB to assist UL beam management
· The information can be a number representing the amount of SRS resources required for UE Tx beam training
· FFS: signaling method
· E.g., capability signaling, or msg3, or dynamic signaling
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