Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG1 Meeting #98bis	Tdoc R1-1911226
Chongqing, China, Oct 14th – 20th, 2019

Agenda Item:	7.2.12.2
Source:	Ericsson
Title:	Lower-layer mobility enhancements
Document for:	Discussion, Decision

1	Introduction
Two of the objectives for the WI on enhanced mobility are to improve the HO robustness and to reduce interruption time during HO. In this contribution, we describe how the beam management functionality standardized in Release-15 can be used to fulfil both these two objectives. This is a revision of R1-1909227.
[bookmark: _Ref178064866]2	Discussion
[bookmark: _Hlk4582916]Already early during the Rel-15 standardization, it was agreed that NR would support two types of mobility: 
· Mobility with RRC involvement
· Mobility without 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.[2][3] 
Three examples of functionality to support beam management are
· L1-RSRP reporting on SSB and CSI-RS
· MAC CE based updates of QCL source, i.e., beam indication
· Beam failure recovery
As these functionalities were designed to handle mobility without RRC involvement, they were limited to intra-cell operation. However, for all the three cases, this restriction is somewhat artificial: it is relatively straightforward to extend the reporting, the QCL source update and beam recovery also to non-serving cells.
In this contribution, we explain how these three types of functionalities can be extended to operate also in relation to non-serving cells. With such functionality, it would in some cases become possible to transfer a UE from one cell to another without RRC signalling. Essentially, this would require that at least some of the RRC parameters are the same in the two cells. Note that an RRC reconfiguration may still be required after the L1 connection has been moved from one cell to another, e.g., to update measurement configurations.
2.1	L1-RSRP reporting on non-serving cells
For beam management, reporting of L1-RSRP measurements on SSB and CSI-RS have been standardized, as described in [4]. 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 [6]. 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 [6], 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 RSRP for SSBs within the serving cell. However, the additional effort to also include the possibility to report measurements on configured SSBs in configured non-serving 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][bookmark: _Toc534187300][bookmark: _Toc16838640][bookmark: _Toc20678374]A quite small addition is required in the standard to enable the UE to report RSRP also on SSBs from non-serving cells. 
With that small addition, it would be possible to configure the UE to report RSRP also for SSBs in non-serving 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 [7]). 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][bookmark: _Toc534187301][bookmark: _Toc16838641][bookmark: _Toc20678375]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 tens of 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:
[bookmark: _Toc16838642][bookmark: _Toc20678376]Reporting over L1 is significantly faster than reporting than L3 reporting and enables to the NW to easily perform UE-specific processing of the measurement, taking additional quantities into account.
[bookmark: _Toc16838643][bookmark: _Toc20678377]Another point to note is that the NW does not have to enable the L1 reporting for all UEs. If the NW determines that a UE is far from the cell border, it would not configure any reporting of neighbour cells over L1, (or over L3), leading to reduced UE power consumption:
[bookmark: _Toc16838644][bookmark: _Toc20678378]The NW can very easily activate and deactivate the L1 reporting when needed, leading to reduced UE power consumption.
The most straightforward way to enable L1 reporting is to activate semi-persistent reporting.
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][bookmark: _Toc534866612][bookmark: _Toc16838651][bookmark: _Toc20678385]Include an optional PCI in the definition of SSB resources for beam management reporting to enable reporting of L1-RSRP of non-serving cells over PUCCH/PUSCH.
One alternative way to perform this measurement would be to define a CSI-RS measurement based on a single-port CSI-RS. Although the normal deployment is that the CSI-RSs are transmitted from the serving cell, there is nothing that mandates this. As long as the UE can demodulate the CSI-RS, it can be transmitted from non-serving cells: the UE does not know. However, this puts restrictions on what cell size can be used to avoid degradations in the measurement since the UE may have problems in synchronizing. Also, the transmission of these single-port CSI-RSs lead to additional overhead, and a planning effort, since the number of CSI-RS resources may be limited, especially in FR1. 
2.2	Reduced handover interruption using MAC CE signalling
The beam management functionality was designed for a situation where multiple beams cover one cell. Due to the smaller coverage area of these narrow beams, it is 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. [2][3] 
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][bookmark: _Toc16838645][bookmark: _Toc20678379]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. 
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][bookmark: _Toc16838646][bookmark: _Toc20678380]The delay associated with a MAC CE update of the QCL source is small.
Note that the MAC CE indication is a synchronous procedure: the NW and the UE has the same understanding of when the update configuration takes effect. This means that it is possible to achieve 0ms interruption:
[bookmark: _Toc16838647][bookmark: _Toc20678381]Since the MAC CE reconfiguration is synchronous, 0ms interruption can be achieved.
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 PDCCH/PDSCH 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), in NR. It is thus possible to have the same physical layer configuration in serving and target cell:
[bookmark: _Toc534887758][bookmark: _Toc16838648][bookmark: _Toc20678382]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 a serving 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][bookmark: _Toc16838652][bookmark: _Toc20678386]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 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 change of QCL source will be needed also if the handover decision is based on, e.g., UL measurements, or even on CSI-RSs:
[bookmark: _Toc16838649][bookmark: _Toc20678383]The change of QCL source is needed, irrespective of what measurements are used as a basis for the handover decision. 
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 section 2.1: if the handover decision were based on L1 measurements, the execution would be even faster.
2.3	Fast failure recovery
In the WI on enhanced mobility for NR, one of the objectives is to study solutions to improve reliability and robustness:
Excerpt from [1]:
· To study, until Aug 2019, solution(s) to improve HO/SCG change reliability and robustness especially considering challenges in high/med frequency focusing on the following identified solutions but not limited .
· Conditional handover 
· Fast handover failure recovery 

One of the identified topics is fast handover failure recovery. The term “fast” essentially means that the procedure should be faster and consume less resources than an RRC re-establishment, which follows a radio link failure.
As it turns out, RAN1 has already specified a recovery mechanism with exactly these properties: the link recovery mechanism ([2], section 6). Link recovery was designed to handle the case when the beams at the gNB and the UE become misaligned due to, e.g., UE movement or rotation. The UE will detect this situation by measuring on a reference signal, and if the UE estimates that the NW is no longer able to reach it, the UE will act to restore the connection with the NW. The UE will first find a new candidate beam by searching for a candidate beam reference signal. Once the UE has found the RS, it will send an UL signal using the candidate beam reference signal as timing reference. The situation is illustrated in Figure 3.

!
!
?

[bookmark: _Ref513034635]Figure 3: Beam recovery. The UE loses the connection as it moves behind the house. During beam recovery, the UE can reconnect to the network using the reflection in the big building.
So far, it has been implicitly assumed that the UE is only allowed to reconnect to the same cell: the candidate reference signals all belong to the serving cell, as shown from the below excerpt from [2]:
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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
    ...
}

With the restriction that all candidate reference signals belong to the same cell, it is guaranteed that the UEs configuration is still valid, enabling the UE to directly continue the communication with the network.
However, the restriction that the UE is only allowed to connect to the same cell is somewhat artificial. There is nothing that prevents the network to configure the UE to recover in other cells as well. This situation is illustrated in Figure 4.


!
!
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[bookmark: _Ref513034667]Figure 4: Beam recovery to another cell. After detecting beam failure, the UE accesses another cell.
For the multi-cell beam recovery described here, the UE cannot be allowed to perform cell reselection among all suitable cells: there is no guarantee that the UEs configuration is still valid in an arbitrary cell. It is also quite likely that the network has reused the C-RNTI of the UE in some of the neighbour cells.
However, for beam recovery there are already mechanisms standardized [2], which enable the network to control which reference signals the UE may use to identify a new candidate beam. As part of beam recovery, the UE is explicitly configured with a list of RS resources that the UE may use to identify new beams [6], either in BFR-SSB-Resource or BFR-CSIRS-Resource, as shown in the BeamfailureRecoveryConfig IE above. 
The current definition of BFR-SSB-Resource and BFR-CSIRS-Resource does not include any cell identity: both fields refer to reference signals in the serving cell. However, if BFR-SSB-Resource and BFR-CSIRS-Resource were extended to include fields to represent also a cell identity, the UE would search for candidate beams in the configured cells as well. If the UE finds that a suitable RS, which is transmitted from another cell, the UE would also be allowed to send the beam recovery request to that cell.
The addition to the standard is quite small. The only thing that needs to be added is to include a PCI in BFR-SSB-Resource and/or BFR-CSIRS-Resource. The network will configure the UE with a list of reference signals it may use to identify new beams. 
We also note that the failure detection in link recovery is faster than the corresponding procedure for RLM: the evaluation period is shorter, and there is no timer associated with the recovery: directly after a configurable number of OOS indications, the UE will perform recovery:
[bookmark: _Toc525886724][bookmark: _Toc534185971][bookmark: _Toc16838650][bookmark: _Toc20678384]The link recovery procedure is significantly faster than the RRC re-establishment that follows after RLF.
We also note that since the RRC configuration remains intact during beam recovery, there is no need to update it: the communication may continue directly after the setup. Hence, we propose
[bookmark: _Toc513036230][bookmark: _Toc525886725][bookmark: _Toc534185972][bookmark: _Toc16838653][bookmark: _Toc20678387]Include a PCI in the definition of BFR-SSB-Resource and/or BFR-CSIRS-Resource to allow the UE to perform the beam recovery in other cells.
With this procedure in place, UEs may be allowed to stop sending measurement reports, since the UE ensures that it is can be reached by the network. Of course, normal handover procedures perform better in terms of interrupt, but, e.g., for UEs in C-DRX, the performance achievable by multi-cell beam recovery is most probably enough. Obviously, this requires that the network can identify all the relevant neighbour cells.
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 non-serving 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.
Observation 3	Reporting over L1 is significantly faster than reporting than L3 reporting and enables to the NW to easily perform UE-specific processing of the measurement, taking additional quantities into account.
Another point to note is that the NW does not have to enable the L1 reporting for all UEs. If the NW determines that a UE is far from the cell border, it would not configure any reporting of neighbour cells over L1, (or over L3), leading to reduced UE power consumption:
Observation 4	The NW can very easily activate and deactivate the L1 reporting when needed, leading to reduced UE power consumption.
Observation 5	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 6	The delay associated with a MAC CE update of the QCL source is small.
Observation 7	Since the MAC CE reconfiguration is synchronous, 0ms interruption can be achieved.
Observation 8	In NR, it is possible to have the same physical layer configuration in serving and target cell.
Observation 9	The change of QCL source is needed, irrespective of what measurements are used as a basis for the handover decision.
Observation 10	The link recovery procedure is significantly faster than the RRC re-establishment that follows after RLF.

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 of non-serving cells over PUCCH/PUSCH.
Proposal 2	Introduce an optional PCI in the QCL-info definition to facilitate update of the QCL source to an RS in a non-serving cell.
Proposal 3	Include a PCI in the definition of BFR-SSB-Resource and/or BFR-CSIRS-Resource to allow the UE to perform the beam recovery in other cells.
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