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1	Introduction
[bookmark: _Hlk16773912]RAN2#107 is the first meeting for RAN2 to discuss the Rel-16 NR MIMO WI while RAN1 has been working on it from the October 2018 meeting. RAN1 has sent the following LSs to RAN2 concerning multi-beam enhancements: 
R1-1907966 LS on MIMO enhancement for NR 
R1-1907870 LS on MAC CE design for SCell BFR 
The work seems to include three different MAC CEs and RRC updates related to multi-beam enhancements. The MAC CEs are for beam failure recovery request, for PUCCH spatial relation indication and for aperiodic SRS spatial relation indication. The RRC updates are related to beam failure recovery in SCell, new L1 feedback reporting, PUCCH and SRS. 
In this paper we discuss RAN2 aspects for multi-beam operation except the details of the MAC CE for BFRQ from LS R1-1907870 which is discussed separately in [3].
[bookmark: _Ref178064866]2	Discussion
2.1	Beam measurement and reporting of L1-SINR
Aspects related to beam measurement and reporting of L1-SINR are listed as follows [1]:
On multi-beam operation,
· Beam measurement and reporting of L1-SINR:
· UE can be higher-layer configured to report up to N (1,2,3, or 4) SSBRI/CRIs and the corresponding L1-SINR values
· When L1-SINR and dedicated IMR are configured, a UE can be configured with one of three interference measurement resource schemes (ZP only, NZP only, or (WA) ZP+NZP)

The first bullet implies that two new reporting quantity options need to be added in the CSI-ReportConfig. New CHOICE structure “reportQuantity-r16 ”  is needed. In the example below, the two new quantity options are highlighted:
    reportQuantity-r16                          CHOICE {
        none                                    NULL,
        cri-RI-PMI-CQI                          NULL,
        cri-RI-i1                               NULL,
        cri-RI-i1-CQI                           SEQUENCE {
            pdsch-BundleSizeForCSI                  ENUMERATED {n2, n4}                                         OPTIONAL    -- Need S
        },
        cri-RI-CQI                              NULL,
        cri-RSRP                                NULL,
        ssb-Index-RSRP                          NULL,
        cri-RI-LI-PMI-CQI                       NULL,
        cri-SINR                                NULL,
        ssb-Index-SINR                          NULL
    },

The second bullet says there are three options on the resource configuration for interference part of L1-SINR. The current CSI-ReportConfig allows to configure either CSI-IM(ZP) or NZP CSI-RS for interference measurement, or to include both. It seems the current RRC structure supports RAN1 work.
CSI-ReportConfig ::=                SEQUENCE {
    reportConfigId                          CSI-ReportConfigId,
    carrier                                 ServCellIndex                   OPTIONAL,   -- Need S
    resourcesForChannelMeasurement          CSI-ResourceConfigId,
    csi-IM-ResourcesForInterference         CSI-ResourceConfigId            OPTIONAL,   -- Need R
    nzp-CSI-RS-ResourcesForInterference     CSI-ResourceConfigId            OPTIONAL,   -- Need R

[bookmark: _Toc16784232]For beam measurement and reporting of L1-SINR a new CHOICE structure “reportQuantity-r16 ”  is enough.
2.2	Beam failure recovery for Scell

Aspects related to beam failure recovery on SCell are listed as follows [1]:
· Beam failure recovery for SCell
· 1-port periodic CSI-RS configuration for SCell BFD. At least for explicit configuration, downlink RS for BFD is in current CC.
· When SCell BFR and new beam identification RSs are configured (SSB or CSI-RS), UE is (always) configured with an L1-RSRP-based threshold. The new beam identification RSs can also be configured in the active BWP of the CC where BFR is configured or another CC within the same band 
· Step 1 BFRQ can be carried by at least a dedicated SR-like PUCCH resource over PCell or SCell. Step 2 BFRQ for SCell is carried via MAC CE (WA).
· A UE can be configured to perform BFR for any configured SCells where the maximum number of SCells is a UE capability

For this, some functionality for beam failure recovery existing on SpCell needs to be copied to SCell configurations. The first bullet tells that resources for beam failure recovery are needed for SCell. These are given in radioLinkMonitoringConfig which is given in BWP-downlink dedicated IE. Thus, it seems this is already possible with current RRC:

The IE BWP-DownlinkDedicated is used to configure the dedicated (UE specific) parameters of a downlink BWP.
BWP-DownlinkDedicated information element
-- ASN1START
-- TAG-BWP-DOWNLINKDEDICATED-START

BWP-DownlinkDedicated ::=           SEQUENCE {
    pdcch-Config                        SetupRelease { PDCCH-Config }                                           OPTIONAL,   -- Need M
    pdsch-Config                        SetupRelease { PDSCH-Config }                                           OPTIONAL,   -- Need M
    sps-Config                          SetupRelease { SPS-Config }                                             OPTIONAL,   -- Need M
    radioLinkMonitoringConfig           SetupRelease { RadioLinkMonitoringConfig }                              OPTIONAL,   -- Need M
    ...
}

-- TAG-BWP-DOWNLINKDEDICATED-STOP
-- ASN1STOP

	BWP-DownlinkDedicated field descriptions

	pdcch-Config
UE specific PDCCH configuration for one BWP.

	pdsch-Config
UE specific PDSCH configuration for one BWP.

	sps-Config
UE specific SPS (Semi-Persistent Scheduling) configuration for one BWP. Except for reconfiguration with sync, the NW does not reconfigure sps-Config when there is an active configured downlink assignment (see TS 38.321 [3]). However, the NW may release the sps-Config at any time. 

	radioLinkMonitoringConfig
UE specific configuration of radio link monitoring for detecting cell- and beam radio link failure occasions. The maximum number of failure detection resources should be limited up to 8 for both cell and beam radio link failure detection in Rel-15.


	RadioLinkMonitoringConfig
The IE RadioLinkMonitoringConfig is used to configure radio link monitoring for detection of beam- and/or cell radio link failure. See also TS 38.321 [3], clause 5.1.1.
RadioLinkMonitoringConfig information element
-- ASN1START
-- TAG-RADIOLINKMONITORINGCONFIG-START

RadioLinkMonitoringConfig ::=       SEQUENCE {
    failureDetectionResourcesToAddModList   SEQUENCE (SIZE(1..maxNrofFailureDetectionResources)) OF RadioLinkMonitoringRS
                                                                                                                  OPTIONAL, -- Need N
    failureDetectionResourcesToReleaseList  SEQUENCE (SIZE(1..maxNrofFailureDetectionResources)) OF RadioLinkMonitoringRS-Id
                                                                                                                  OPTIONAL, -- Need N
    beamFailureInstanceMaxCount             ENUMERATED {n1, n2, n3, n4, n5, n6, n8, n10}                          OPTIONAL, -- Need R
    beamFailureDetectionTimer               ENUMERATED {pbfd1, pbfd2, pbfd3, pbfd4, pbfd5, pbfd6, pbfd8, pbfd10}  OPTIONAL, -- Need R
    ...
}

RadioLinkMonitoringRS ::=           SEQUENCE {
    radioLinkMonitoringRS-Id            RadioLinkMonitoringRS-Id,
    purpose                             ENUMERATED {beamFailure, rlf, both},
    detectionResource                   CHOICE {
        ssb-Index                           SSB-Index,
        csi-RS-Index                        NZP-CSI-RS-ResourceId
    },
    ...
}

-- TAG-RADIOLINKMONITORINGCONFIG-STOP
-- ASN1STOP

	RadioLinkMonitoringConfig field descriptions

	beamFailureDetectionTimer
Timer for beam failure detection (see TS 38.321 [3], clause 5.17). See also the BeamFailureRecoveryConfig IE. Value in number of "Qout,LR reporting periods of Beam Failure Detection" Reference Signal (see TS 38.213 [13], clause 6). Value pbfd1 corresponds to 1 Qout,LR reporting period of Beam Failure Detection Reference Signal, value pbfd2 corresponds to 2 Qout,LR reporting periods of Beam Failure Detection Reference Signal and so on. 

	beamFailureInstanceMaxCount
This field determines after how many beam failure events the UE triggers beam failure recovery (see TS 38.321 [3], clause 5.17). Value n1 corresponds to 1 beam failure instance, value n2 corresponds to 2 beam failure instances and so on. 

	failureDetectionResourcesToAddModList
A list of reference signals for detecting beam failure and/or cell level radio link failure (RLF). The limits of the reference signals that the network can configure are specified in TS 38.213 [13], table 5-1. The network configures at most two detectionResources per BWP for the purpose beamFailure or both. If no RSs are provided for the purpose of beam failure detection, the UE performs beam monitoring based on the activated TCI-State for PDCCH as described in TS 38.213 [13], clause 6. If no RSs are provided in this list for the purpose of RLF detection, the UE performs Cell-RLM based on the activated TCI-State of PDCCH as described in TS 38.213 [13], clause 5. The network ensures that the UE has a suitable set of reference signals for performing cell-RLM. 



	RadioLinkMonitoringRS field descriptions

	detectionResource
A reference signal that the UE shall use for radio link monitoring or beam failure detection (depending on the indicated purpose). 

	purpose
Determines whether the UE shall monitor the associated reference signal for the purpose of cell- and/or beam failure detection.



[bookmark: _GoBack]As the parameter “purpose” allows both options “rlf” and “both” in addition to “beamFailure”, it can be added to the field description that when configured for Scell, only “beamFailure” applies. What needs to be discussed further is the limitation of maximum number for failure detection resources which currently reflects Rel-15 limitation, highlighted above. However, for this RAN2 needs RAN1 input and it is assumed this will arrive latest together with capabilities
[bookmark: _Toc16699569]The limitation of maximum number for failure detection resources currently reflects Rel-15 limitation and RAN2 needs RAN1 input to check what is valid in Rel-16.
As the beam failure instance indication would need to indicate a cell in Rel-16 it is natural to define the beam failure detection timer and beam failure instance max count to be per cell. This is further elaborated in [3].
[bookmark: _Toc16784233]Define beamFailureDetectionTimer and beamFailureInstanceMaxCount per cell.
The second bullet indicates BFR resource and new beam indication resources should be configured per serving cell. The BeamFailureRecoveryConfig IE contains these and several other configurations and is included in UL bandwidth part dedicated IE.
	BeamFailureRecoveryConfig
The IE BeamFailureRecoveryConfig is used to configure the UE with RACH resources and candidate beams for beam failure recovery in case of beam failure detection for the SpCell. See also TS 38.321 [3], clause 5.1.1.
BeamFailureRecoveryConfig information element
-- ASN1START
-- TAG-BEAMFAILURERECOVERYCONFIG-START

BeamFailureRecoveryConfig ::=       SEQUENCE {
    rootSequenceIndex-BFR               INTEGER (0..137)                                                          OPTIONAL, -- Need M
    rach-ConfigBFR                      RACH-ConfigGeneric                                                        OPTIONAL, -- Need M
    rsrp-ThresholdSSB                   RSRP-Range                                                                OPTIONAL, -- Need M
    candidateBeamRSList                 SEQUENCE (SIZE(1..maxNrofCandidateBeams)) OF PRACH-ResourceDedicatedBFR   OPTIONAL, -- Need M
    ssb-perRACH-Occasion                ENUMERATED {oneEighth, oneFourth, oneHalf, one, two,
                                                       four, eight, sixteen}                                      OPTIONAL, -- Need M
    ra-ssb-OccasionMaskIndex            INTEGER (0..15)                                                           OPTIONAL, -- Need M
    recoverySearchSpaceId               SearchSpaceId                                                             OPTIONAL, -- Need R
    ra-Prioritization                   RA-Prioritization                                                         OPTIONAL, -- Need R
    beamFailureRecoveryTimer            ENUMERATED {ms10, ms20, ms40, ms60, ms80, ms100, ms150, ms200}            OPTIONAL, -- Need M
    ...,
    [[
    msg1-SubcarrierSpacing-v1530        SubcarrierSpacing                                                         OPTIONAL  -- Need M
    ]]
}

PRACH-ResourceDedicatedBFR ::=      CHOICE {
    ssb                                 BFR-SSB-Resource,
    csi-RS                              BFR-CSIRS-Resource
}

BFR-SSB-Resource ::=                SEQUENCE {
    ssb                                 SSB-Index,
    ra-PreambleIndex                    INTEGER (0..63),
    ...
}

BFR-CSIRS-Resource ::=              SEQUENCE {
    csi-RS                              NZP-CSI-RS-ResourceId,
    ra-OccasionList                     SEQUENCE (SIZE(1..maxRA-OccasionsPerCSIRS)) OF INTEGER (0..maxRA-Occasions-1)   OPTIONAL,   -- Need R
    ra-PreambleIndex                    INTEGER (0..63)                                                                 OPTIONAL,   -- Need R
    ...
}

-- TAG-BEAMFAILURERECOVERYCONFIG-STOP
-- ASN1STOP

	BeamFailureRecoveryConfig field descriptions

	beamFailureRecoveryTimer
Timer for beam failure recovery timer. Upon expiration of the timer the UE does not use CFRA for BFR. Value in ms. Value ms10 corresponds to 10 ms, value ms20 corresponds to 20 ms, and so on.

	candidateBeamRSList
A list of reference signals (CSI-RS and/or SSB) identifying the candidate beams for recovery and the associated RA parameters. The network configures these reference signals to be within the linked DL BWP (i.e., within the DL BWP with the same bwp-Id) of the UL BWP in which the BeamFailureRecoveryConfig is provided. 

	msg1-SubcarrierSpacing
Subcarrier spacing for contention free beam failure recovery. Only the values 15 kHz or 30 kHz (FR1), and 60 kHz or 120 kHz (FR2) are applicable. See TS 38.211 [16], clause 5.3.2.

	rsrp-ThresholdSSB
L1-RSRP threshold used for determining whether a candidate beam may be used by the UE to attempt contention free random access to recover from beam failure (see TS 38.213 [13], clause 6).

	ra-prioritization
Parameters which apply for prioritized random access procedure for BFR (see TS 38.321 [3], clause 5.1.1).

	ra-ssb-OccasionMaskIndex
Explicitly signalled PRACH Mask Index for RA Resource selection in TS 38.321 [3]. The mask is valid for all SSB resources.

	rach-ConfigBFR
Configuration of contention free random access occasions for BFR.

	recoverySearchSpaceId
Search space to use for BFR RAR. The network configures this search space to be within the linked DL BWP (i.e., within the DL BWP with the same bwp-Id) of the UL BWP in which the BeamFailureRecoveryConfig is provided. The CORESET associated with the recovery search space cannot be associated with another search space. Network always configures the UE with a value for this field when contention free random access resources for BFR are configured.

	ssb-perRACH-Occasion
Number of SSBs per RACH occasion for CF-BFR, see TS 38.213 [13], clause 8.1.



	BFR-CSIRS-Resource field descriptions

	csi-RS
The ID of a NZP-CSI-RS-Resource configured in the CSI-MeasConfig of this serving cell. This reference signal determines a candidate beam for beam failure recovery (BFR).

	ra-OccasionList
RA occasions that the UE shall use when performing BFR upon selecting the candidate beam identified by this CSI-RS. The network ensures that the RA occasion indexes provided herein are also configured by prach-ConfigurationIndex and msg1-FDM. Each RACH occasion is sequentially numbered, first, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions; second, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot and Third, in increasing order of indexes for PRACH slots.
If the field is absent the UE uses the RA occasion associated with the SSB that is QCLed with this CSI-RS.

	ra-PreambleIndex
The RA preamble index to use in the RA occasions associated with this CSI-RS. If the field is absent, the UE uses the preamble index associated with the SSB that is QCLed with this CSI-RS.



	BFR-SSB-Resource field descriptions

	ra-PreambleIndex
The preamble index that the UE shall use when performing BFR upon selecting the candidate beams identified by this SSB.

	ssb
The ID of an SSB transmitted by this serving cell. It determines a candidate beam for beam failure recovery (BFR).



As beam failure recovery on SCell is quite different from beam recovery on SpCell, many of the fields in the IE are unnecessary. In particular, according to RAN1 agreements, BFR on SCell will not utilize RACH, it should be discussed if this is enough and whether there needs to be a limitation on what is configured. 
[bookmark: _Toc16784234]RAN2 to discuss if the BeamFailureRecoveryConfig that is given in BWP-UplinkDedicated  gives the necessary configurations for UL beam recovery for SCells and whether the configuration should be limited e.g. for RACH.
The third and fourth bullets are repeated here:
· Spatial relation update for aperiodic SRS (per resource level) is performed via MAC CE, for at least codebook-based/non-codebook-based UL transmissions, beam management, and (WA) antenna switching per SRS resource level
· Up to 64 candidate beams per BWP can be configured for BFR via RRC signaling
· The total number of RSs for new beam identification and layer 1 RSRP measurement are part of UE capability signaling

The third bullet is discussed in [3] and the fourth bullet is automatically supported when the needed configurations are added to SCell configurations. Capability signaling is to be discussed later.
2.3	Overhead/latency reduction of beam management
Aspects related to overhead/latency reduction are listed as follows [1]:
· Overhead/latency reduction of beam management
· The maximum number of spatial relations for PUCCH (configured via RRC) is increased to 64.
· For the supported feature of simultaneous update/indication of a single spatial relation per group of PUCCH by using one MAC CE is supported with (at least) up to two groups (WA) per BWP 
· Spatial relation update for aperiodic SRS (per resource level) is performed via MAC CE, for at least codebook-based/non-codebook-based UL transmissions, beam management, and (WA) antenna switching per SRS resource level
· Up to 64 candidate beams per BWP can be configured for BFR via RRC signaling
· The total number of RSs for new beam identification and layer 1 RSRP measurement are part of UE capability signaling

Here, what is needed for RRC is to increase the number of spatial relations for PUCCH, namely value for maxNrofSpatialRelationInfos is increased to 64 (it is 8 in Rel15), and the number of candidate beams per BWP for BFR, namely increase maxNrofCandidateBeams to 64.
Further, one or two new MAC CEs are needed for PUCCH. The existing PUCCH MAC CE gives a spatial relation info among 8 candidate spatial relation infos to one PUCCH resource in a BWP in a serving cell. According to RAN1 agreed functionality, the MAC CE needs to update the spatial relation info among 64 candidates to a single PUCCH resource. This is not possible with the current MAC CE signaling which uses a size-8 bitmap, where only a single bit can be set to one, to indicate the selection of one out of 8 candidate spatial relations. A simple extension is to change the interpretation of the corresponding octet to indicate a Spatial Relation ID rather than using a bitmap. Additionally, RAN1 has agreed that it should also be possible to make simultaneous spatial relation updates to a group of PUCCH resources, i.e. both resource-level and resource group-level indication spatial relation from up to 64 candidate spatial relations needs to be supported. It can be further studied if both group and resource-level indication can be achieved via the same MAC CE (where for instance one bit can switch between group and resource indication) or if two separate MAC CEs are needed.
[bookmark: _Toc16784235]Group PUCCH resources in RRC in order to enable update the spatial relation for a group(s) of PUCCH resources. Also give SpatialRelationInfo as an ID instead of bitmap. Details FFS.
[bookmark: _Hlk16772499]A new aperiodic SRS MAC CE is needed that updates the spatial relation per individual aperiodic SRS resource. UE can be configured with total of 64 SRS resources per BWP/serving cell and a portion of those can be configured as aperiodic resources. Thus the MAC CE should be variable size containing number of SRS resource IDs belonging to aperiodic resources and giving the special resource to those resources.
[bookmark: _Toc16784236]RAN2 to agree a MAC CE that is variable size containing number of SRS resource IDs belonging to aperiodic resources and giving the spatial relation info to those resources. Also cell ID and BWP ID. Details FFS.
4	Conclusion
In the previous sections we made the following observations: 
Observation 1	The limitation of maximum number for failure detection resources currently reflects Rel-15 limitation and RAN2 needs RAN1 input to check what is valid in Rel-16.
[bookmark: _Hlk16772471]Based on the discussion in the previous sections we propose the following:
Proposal 1	For beam measurement and reporting of L1-SINR a new CHOICE structure “reportQuantity-r16 ”  is enough.
Proposal 2	Define beamFailureDetectionTimer and beamFailureInstanceMaxCount per cell.
Proposal 3	RAN2 to discuss if the BeamFailureRecoveryConfig that is given in BWP-UplinkDedicated  gives the necessary configurations for UL beam recovery for SCells and whether the configuration should be limited e.g. for RACH.
Proposal 4	Group PUCCH resources in RRC in order to enable update the spatial relation for a group(s) of PUCCH resources. Also give SpatialRelationInfo as an ID instead of bitmap. Details FFS.
Proposal 5	RAN2 to agree a MAC CE that is variable size containing number of SRS resource IDs belonging to aperiodic resources and giving the spatial relation info to those resources. Also cell ID and BWP ID. Details FFS.
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