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Beam-based reporting for mobility enhancements
Based on the ITU-R discussions for IMT-2020 technical requirements, mobility interruption time is defined as follows [2]:
7.7	Mobility interruption time
Mobility interruption time means the shortest time duration supported by the system during which a user terminal cannot exchange user plane packets with any base station during transitions.
The target for mobility interruption time should be 0ms.

Based on the above definition, a UE needs to have an active user plane connection with user plane packets being exchanged with a base station at all times for the UE to not experience any mobility interruption. RAN2 uses the PDCP layer as the reference point to define mobility interruption time. In traditional handover (HO) procedures, the UE will first release its active connection with the serving cell and establish a new connection with the target cell. 
One of the enhancements that have been proposed in [3] is to introduce a physical cell identifier in the definition of SSB resources for Beam Management reporting in order to enable reporting of L1-RSRP for non-serving cells. It was claimed in [3] that the standard impact is quite small and limited to adding a PCI field in the definition of SSB resources for Beam Management. Resources for Beam Management are currently defined in the csi-MeasConfig IE, which is itself defined in the servingCellConfig IE of the active serving cell (not all fields are shown, for brevity):
-- ASN1START
-- TAG-SERVING-CELL-CONFIG-START

ServingCellConfig ::=               SEQUENCE {
    tdd-UL-DL-ConfigurationDedicated    TDD-UL-DL-ConfigDedicated                                           OPTIONAL,   -- Cond TDD

    initialDownlinkBWP                  BWP-DownlinkDedicated                                               OPTIONAL,   -- Need M
    downlinkBWP-ToReleaseList           SEQUENCE (SIZE (1..maxNrofBWPs)) OF BWP-Id                          OPTIONAL,   -- Need N
    downlinkBWP-ToAddModList            SEQUENCE (SIZE (1..maxNrofBWPs)) OF BWP-Downlink                    OPTIONAL,   -- Need N
    ...
    csi-MeasConfig                      SetupRelease { CSI-MeasConfig }                                     OPTIONAL,   -- Need M
    ...,
}

-- TAG-SERVING-CELL-CONFIG-STOP
-- ASN1STOP

-- ASN1START
-- TAG-CSI-MEAS-CONFIG-START

CSI-MeasConfig ::=                  SEQUENCE {
    nzp-CSI-RS-ResourceToAddModList     SEQUENCE (SIZE (1..maxNrofNZP-CSI-RS-Resources)) OF NZP-CSI-RS-Resource           OPTIONAL, -- Need N
    ...
nzp-CSI-RS-ResourceSetToAddModList SEQUENCE (SIZE (1..maxNrofNZP-CSI-RS-ResourceSets)) OF NZP-CSI-RS-ResourceSet      OPTIONAL, -- Need N
...
csi-SSB-ResourceSetToAddModList     SEQUENCE (SIZE (1..maxNrofCSI-SSB-ResourceSets)) OF CSI-SSB-ResourceSet           OPTIONAL, -- Need N

    ...
}

-- TAG-CSI-MEAS-CONFIG-STOP
-- ASN1STOP

While the addition of a PCI field in the definition of SSB resources for BM is indeed a relatively small change in the RRC signaling, such an addition would have wider consequences with additional specification impacts. One of the consequences of such an addition would be that the active serving cell configuration would have to carry resource definition that belongs to neighbor cells, which are non-serving cells. It was not the intention for the servingCellConfig IE to be carrying any information that does not belong to the serving cell. Another aspect that must be considered is the UE behavior with regards to BM resources of non-serving cells in the event that the UE receives a RRC reconfiguration message with reconfigurationWithSync. When the UE receives a HO command as part of a traditional HO procedure, the UE releases its connection with the source cell and the way that is carried out is by the UE flushing its serving cell configuration and proceeding to establish its connection with the target cell. Therefore, there is specification impact expected in trying to add BM resource definition for neighbor cells.
Observation 1: The addition of SSB resource of neighbor cells in the active serving cell configuration to enable L1-RSRP for beam management has more specification impact in addition to introducing PCI.
Reporting for mobility purposes is different from reporting for Beam Management in the sense that mobility events can be done slowly whereas Beam Management events need to be done more quickly. As explained in [3], L3 mobility reporting is slow due to the exponential smoothing function and the evaluation of the reporting criteria, which is in the order of several tens of ms in order to reduce ping-pong effects. L1-RSRP for Beam Management is reported much more quickly, in order of a few ms, so that a UE can switch beams quickly. In order to enable SSB based L1-RSRP measurement and report for non-serving cell, even though the UE behavior would be simplified if L3 filtering functions were to be offloaded to the network, it would be at the expense of much processing power and reporting overhead in terms of the number of reports sent by the UE and in terms of the amount of UL resources needed to send these measurement reports to the network.
Observation 2: L1-RSRP used for mobility purposes causes UE processing power consumption and reporting overhead from the UE.

QCL signaling enhancements for Beam Management
-- ASN1START
-- TAG-TCI-STATE-START

TCI-State ::=                       SEQUENCE {
    tci-StateId                         TCI-StateId,
    qcl-Type1                           QCL-Info,
    qcl-Type2                           QCL-Info                                                OPTIONAL,   -- Need R
    ...
}

QCL-Info ::=                        SEQUENCE {
    cell                                ServCellIndex                                           OPTIONAL, -- Need R
    bwp-Id                                   BWP-Id                                                          OPTIONAL, -- Cond CSI-RS-Indicated
    referenceSignal                     CHOICE {
        csi-rs                              NZP-CSI-RS-ResourceId,
        ssb                                 SSB-Index
    },
    qcl-Type                            ENUMERATED {typeA, typeB, typeC, typeD},
    ...
}

-- TAG-TCI-STATE-STOP
-- ASN1STOP

One of the enhancements that have been proposed in [3] is to introduce a physical cell identifier in the definition of the QCL-info IE so as to facilitate updating QCL sources to reference signals in non-serving cells. It was explained in [3] that it is possible for source and neighbor cells to have the same physical layer configuration. PDCCH and PDSCH configurations are carried in the BWP-DownlinkDedicated IE, which is the UE-specific BWP configuration provided by the serving cell. It is possible that source and neighbor cells both use the same UE-specific BWP configuration for a given UE, with the parameters all being the same except for the QCL indication that the PDCCH and PDSCH DMRSs follow. Assuming that source and neighbor cells are synchronized, this would allow a handover between a source and neighbor to be reduced down to a simple beam switch based on QCL indications. 
There are aspects that were not considered in [3] which may have additional specification impact. The addition of a physical cell identity in the QCL-Info IE may be enough to indicate a SS/PBCH block if both the source and neighbor cells are using the same center frequency. In the case where source and neighbor cells are using SS/PBCH blocks on different center frequencies: the QCL-Info IE would also have to indicate the center frequency of the SS/PBCH block as well as the physical cell identity. 
Observation 3: Support for QCL indications for neighbor cells may have additional specification impact in addition to introducing PCI.

Beam Failure Recovery for mobility enhancements
A UE is configured to perform beam failure recovery using the beamFailureRecoveryConfig IE, which includes a list of candidate beams and a recovery search space where to monitor for PDCCH messages. As described in the Random Access Response reception procedure in [4]: 
1> if the contention-free Random Access Preamble for beam failure recovery request was transmitted by the MAC entity:
	2> start the ra-ResponseWindow configured BeamFailureRecoveryConfig at the first PDCCH occasion as specified in TS 38.213 from the end of the Random Access Preamble transmission;
	2> monitor for PDCCH transmission on the search space indicated by recoverySearchSpaceId of the SpCell identified by the C-RNTI while ra-ResponseWindow is running.

The above section will only be applicable when the UE is located in the source cell, as after transmitting the CFRA preamble associated to a candidate beam, the UE starts the RA response window and waits for a PDCCH message on the recovery search space. It is obvious that the existing Beam failure Recovery procedure cannot be performed between a source and a neighbor cell for three reasons:
1) The source cell would have to configure the beamFailureRecoveryConfig IE with some candidate beams that belong to the neighbor cell.
2) The neighbor cell would have to use the same C-RNTI as the one assigned to the UE by the source cell.
3) The neighbor cell would have to transmit PDCCH messages scrambled with the C-RNTI on the search space indicated by recoverySearchSpaceId configured by the source cell.
Introducing candidate beams that belong to neighbor cells is going to have additional specification impact, such as changes in the beamFailureRecoveryConfig IE so that it can accommodate candidate beams from neighbor cells, the corresponding UE behavior for going through candidate beams and selecting one, the procedure for the UE to receive PDCCH messages from the cell that the selected candidate beam belongs to, etc. Source and neighbor cells would also have to coordinate on their usage of the recovery search space so that the UE can successfully complete the beam failure recovery procedure.
Observation 4: Support for Beam Failure Recovery procedures for neighbor cells has more additional specification impact in addition to introducing PCI. 

Conclusion
This paper presents beam-based enhancements for NR mobility. We provide our views on beam-based mobility enhancements that can be brought in NR and make the following observations:
Observation 1: The addition of SSB resource of neighbor cells in the active serving cell configuration to enable L1-RSRP for beam management has more specification impact in addition to introducing PCI.
Observation 2: L1-RSRP used for mobility purposes causes UE processing power consumption and reporting overhead from the UE.
Observation 3: Support for QCL indications for neighbor cells may have additional specification impact in addition to introducing PCI.
Observation 4: Support for Beam Failure Recovery procedures for neighbor cells has more additional specification impact in addition to introducing PCI. 
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