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1	Introduction
One of the objectives for the WI on enhanced mobility for is to improve the HO robustness [1]. In this contribution, we describe how the beam management functionality standardized in Release-15 can be used to improve the handover mechanism. This is a resubmission of R1-1811509.
[bookmark: _Ref178064866]2	Discussion
For beam management, reporting of L1-RSRP measurements on SSB and CSI-RS have been standardized, as described in [2][3]. These measurements can then be transmitted over PUCCH or PUSCH to the serving cell, and the NW can use the measurements to choose which DL beam would be used to transmit the data.
The UE can be configured to perform measurements on both CSI-RS and SSB using the signalling described in [4]. Taking the SS/PBCH block as an example, it is configured as a CSI-SSB-ResourceSet.  The definition of an CSI-SSB-ResourceSet is shown in Figure 1
-- ASN1START
-- TAG-CSI-SSB-RESOURCESET-START

CSI-SSB-ResourceSet ::=						SEQUENCE {
	csi-SSB-ResourceSetId						CSI-SSB-ResourceSetId,
	csi-SSB-ResourceList						SEQUENCE (SIZE(1..maxNrofCSI-SSB-ResourcePerSet)) OF SSB-Index,
	...
}

-- TAG-CSI-SSB-RESOURCESET-STOP
-- ASN1STOP

[bookmark: _Ref513401817]Figure 1: Extract from [4], describing how the measurement resources for RSRP measurements on SSB are defined.
The UE may then be configured to report L1-RSRP based on the list of SSB-Index. The UE may be configured to report the 1, 2 or 4 best SSBs, i.e., the SSBs out of the list which has the highest L1-RSRP.
Since this RSRP reporting was designed for beam management, it is implicitly assumed that the UE can only be configured to report SSBs within the serving cell. However, the additional effort to also include the possibility to report measurements on configured SSBs in configured neighbour cells is rather minor. The only thing that is required is to replace SSB-Index with a quantity which includes also a PCI.
[bookmark: _Toc513402424][bookmark: _Toc525828774][bookmark: _Toc528247964]A quite small addition is required in the standard to enable the UE to report RSRP also on SSBs from neighbour cells. 
With that small addition, it would be possible to configure the UE to report RSRP also for SSBs in neighbour cells. That measurement could then be reported to the NW using any PUCCH or PUSCH reporting already defined.
Typically, neighbour cell measurements are filtered in the UE to filter out variations caused by fast fading. Once certain criteria are fulfilled, the UE then requests uplink resources and transmits the measurement report over RRC to the NW. This RRM measurement model is depicted in Figure 2 .


[bookmark: _Ref513402109]Figure 2: RRM measurement model (from [5]). The measurements at point A1 are the L1-RSRP measurements used for beam management. Measurements may be performed on SSB or CSI-RS.
A subset of the gNB beams listed to the far left in Figure 2 correspond to reference signals transmitted within the cell. The measurements at point A1 for these intra-cell beams are exactly the L1 measurements the UE would report for beam management purposes, if configured. 
If the UE is now configured to perform L3 measurements also on beams in neighbour cells, we note that the corresponding L1 measurements would also be readily available in the UE. Hence, there is no need to implement additional measurement functionality in the UE to perform L1-RSRP measurements on neighbour cells.
[bookmark: _Toc510798573][bookmark: _Toc513402425][bookmark: _Toc525828775][bookmark: _Toc528247965]L1-RSRP measurements of SSBs in neighbour cells is readily available in the UE. No additional measurement functionality needs to be implemented. 
The L3 mobility procedure illustrated in Figure 2 is rather slow, mainly due to the filtering and the evaluation of the reporting criteria. Typically, the cell quality is required to be on a certain level for a few hundred ms to trigger the report. Additionally, the UE is required to request UL resources via an SR, and the measurement is transmitted using RLC, leading to additional overhead and delays.
In contrast, the reporting over L1 could be made faster: one measurement report could be transmitted quite often, say once every 20ms. The gNB would then have freedom to perform any kind of operation on this sequence of measurement reports. It would be trivial to adjust the filtering for different UE speeds for instance. Other factors could easily be taken into account, e.g., the UE position. Hence, we realize that there are significant gains with allowing L1 reporting also on neighbour cells. Since the changes in the standard are small, and the additional UE complexity is minor we propose
[bookmark: _Toc510798575][bookmark: _Toc513402428][bookmark: _Toc525828776][bookmark: _Toc528247966]Include an optional PCI in the definition of SSB resources for beam management reporting to enable reporting of L1-RSRP over PUCCH/PUSCH.
Conclusion
In the previous sections we made the following observations: 
Observation 1	A quite small addition is required in the standard to enable the UE to report RSRP also on SSBs from neighbour cells.
Observation 2	L1-RSRP measurements of SSBs in neighbour cells is readily available in the UE. No additional measurement functionality needs to be implemented.
Based on the discussion in the previous sections we propose the following:
Proposal 1	Include an optional PCI in the definition of SSB resources for beam management reporting to enable reporting of L1-RSRP over PUCCH/PUSCH.
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