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1	Introduction
One of the objectives for the WI on enhanced mobility is to reduce interruption time during HO/SCG change [1]. 
In this contribution, we describe how the beam management functionality standardized in Release-15 can be used to reduce the handover interruption time.
[bookmark: _Ref178064866]2	Discussion
Already early during the Rel-15 standardization, it was agreed that NR would support two types of mobility: 
· Mobility without RRC involvement
· Mobility with RRC involvement
Mobility with RRC involvement is quite similar to the LTE mobility functionality: it is based on event-driven reporting over RRC, where the UE performs measurement on various reference signals (mapping to cells) and filters these measurements. When the filtered measurements fulfil certain criteria parametrized by the NW, the UE will trigger a measurement report. 
Mobility without RRC involvement is also known as beam management. It was designed for a situation where multiple beams cover one cell. Due to the smaller coverage area of these narrow beams, it could be anticipated that a UE would change beam more frequently than it changes cells. To reduce the signalling load for the beam switches, it was decided that RRC signalling would not be required to facilitate such changes. Instead, signalling solution based on MAC CE or DCI was introduced.[3][4]
The signalling during a beam switch involves changing the QCL source for the PDCCH/PDSCH. The QCL properties of the source enables the UE to demodulate the PDCCH/PDSCH DMRS by providing some guidance to the channel estimation. 
[bookmark: _Toc534887754]The beam management functionality specified in Rel-15 provides the mechanisms to change the QCL source for the PDCCH/PDSCH DMRS via MAC CE.
Once the UE has been provided with a new QCL source, it performs measurements on the corresponding RS to derive the relevant QCL properties. These QCL properties are then used when demodulating the PDCCH/PDSCH DMRS. 
As was intended, the update of the QCL source has low overhead, and low latency. The MAC CE message is only two octets [5], and the UE applies the newly activated QCL source 3ms after the HARQ ACK for the MAC CE message has been sent.
[bookmark: _Toc534887755]The delay associated with a MAC CE update of the QCL source is small.
Note that the MAC CE indication is a synchronized procedure: the NW and the UE has the same understanding of when the update configuration takes effect.
Also mobility with RRC involvement typically involves a change of QCL source. As part of the random access procedure, it is specified in [3] that the UE would select either an SSB or a CSI-RS as QCL source for the messages after the handover:
[bookmark: _Toc534887756]During mobility with RRC involvement, the QCL source of the PDCCH/PDSCH DMRS is updated as part of the random access procedure. 
The RRC message used during such a handover is called RRC reconfiguration with mobility control information. This RRC message may contain updates of the RRC configuration for the new cell. Under some circumstances, the RRC configuration in the new cell may contain an explicit QCL source for the PDCCH DMRS that the UE can directly apply.  
Thus we observe
[bookmark: _Toc534887757]Irrespective if RRC is involved in the mobility, there is a possibility to signal a new QCL source to the UE.
As noted above, the NW has the possibility to provide the UE with a completely new RRC configuration in the handover command. For instance, the configuration for the DMRSs or the scrambling may be different in the new cell compared to the old cell. However, in contrast to LTE, there are no physical layer parameters that are hardcoded to the cell identity, i.e., the PCI. It is thus possible to have the same physical layer configuration in serving and target cell:
[bookmark: _Toc534887758]In NR, it is possible to have the same physical layer configuration in serving and target cell.
In this case, the only thing that is needed for the UE to be able to start receiving data on the physical layer in the target cell is that the QCL source is updated: this would enable the UE to synchronize to the target cell, demodulate the bits and decode the data.
The RRC IE that carries the QCL source is called TCI-state [6]:
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},
    ...
}
As can be seen, the TCI state contains pointers to reference signal(s). The reference signals are implicitly associated with a serving cell: hence, in Rel-15, it is only possible to change QCL source to reference signals transmitted within the cell: it is not possible to change the QCL source to a reference signal in a non-serving cell.
We note that it is possible for the UE to perform measurements and derive at least some QCL properties from SSB transmitted from neighbour cells: this is what the UE would need to do to perform the RRM measurements. For example, to perform the SS-RSRP measurement on a target cell, the UE would have to synchronize to the PSS of that target, detect the SSS and demodulate the PBCH DMRS. The SS-RSRP is then measured on the SSS and optionally on the PBCH DMRS. To perform these actions, the UE would at least have to find the average delay of the SSB and can readily estimate the Doppler shift. Thus, a UE could easily use an SSB in a neighbour cell as a QCL source for PDCCH/PDSCH DMRS reception, providing that the UE previously performed measurements on that SSB.  
To be able to use this functionality, an identifier of the non-serving cell must be introduced in the QCL-info. A natural choice for such an identifier is the physical cell identity (PCI). Hence, we propose
[bookmark: _Toc534887759]Introduce an optional PCI in the QCL-info definition to facilitate update of the QCL source to an RS in a non-serving cell.
If a PCI is introduced in the QCL-info, the NW can update the QCL source to an RS in a non-serving cell. Once the indication command takes effect, the NW can directly start transmitting data over PDSCH from the new cell. Since the procedure is synchronized, the NW and the UE have the same understanding of when the updated configuration takes effect. Thus, the interruption in data communication can be completely eliminated.
The procedure described above assumes that the physical layer configuration is identical in serving and target cells. If, e.g., the PDCCH/PDSCH DMRS identity is hardcoded to the PCI, the UE is not able to receive the PDSCH from the new cell. Some higher layer parameters must be the same in serving and target cells.
Note that the RRC configuration can be updated after the transition to the target cell: once the physical layer connection has been established, the NW may utilize that new link to send any RRC reconfiguration. For instance, it is likely that some measurement objects would need to be updated.
The performance of the above procedure would benefit if it was implemented in conjunction with the functionality described in [2]: if the handover decision were based on L1 measurements, the execution would be even faster.
Conclusion
In the previous sections we made the following observations: 
Observation 1	The beam management functionality specified in Rel-15 provides the mechanisms to change the QCL source for the PDCCH/PDSCH DMRS via MAC CE.
Observation 2	The delay associated with a MAC CE update of the QCL source is small.
Observation 3	During mobility with RRC involvement, the QCL source of the PDCCH/PDSCH DMRS is updated as part of the random access procedure.
Observation 4	Irrespective if RRC is involved in the mobility, there is a possibility to signal a new QCL source to the UE.
Observation 5	In NR, it is possible to have the same physical layer configuration in serving and target cell.
Based on the discussion in the previous sections we propose the following:
Proposal 1	Introduce an optional PCI in the QCL-info definition to facilitate update of the QCL source to an RS in a non-serving cell.
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