
3GPP TSG-RAN WG2 Meeting #113-e	                                                    R2-2100226
Online, Jan 25 – Feb 5, 2021
                                   
Source:	CATT 
[bookmark: Title]Title:	CHO and DAPS
[bookmark: Source]Agenda Item:	8.4.3
[bookmark: DocumentFor]Document for:	Discussion and Decision

Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In last meeting, some mobility related issues were discussed. Both RAN2 and RAN3 agreed to adopt CHO [1][2] in Rel-17. RAN3 agreed DAPS-like solution for DL and ask RAN2 whether to apply it for UL [3].
This contribution will discuss these two issues and try to solve some basic questions.
	RAN2#112-e Agreements:
Consider enhancements to topology adaptation that improve: 
Robustness, e.g., to rapid shadowing, 
service-interruption, 
load balancing among different IAB-nodes, IAB-donor-DUs and IAB-donor-CUs, and 
reduction in signaling load.
RAN2 to discuss enhancements to RLF indication/handling with the focus on the reduction of service interruption after BH RLF.
CHO and potential IAB-specific enhancements of CHO is on the table. 
DAPS and potential IAB-specific enhancements of DAPS is not precluded for now (but as there is no PDCP it is not clear how to support DAPS). 
For message bundling, RAN2 at least wait for more progress to be made in RAN3 on topology adaptation procedures.
RAN2 to discuss local rerouting, including the benefits over central route determination, and on how topology-wide objectives can be addressed.

RAN3#110-e Agreements:
The simultaneous connectivity dual-protocol-stack solutions (“DAPS-like”) of an IAB node should allow at least DL simultaneous transmission of BH traffic carried on BH RLC channels, on the paths to both donors.
Rel-16 CHO can be considered as baseline for the discussion of CHO for IAB; further analysis is expected



Discussion
CHO
The procedure of Rel-16 CHO for UE is shown in Figure 1. CHO for IAB node should take it as baseline. However, considering the IAB architecture and the characteristics of IAB node, some specific issues need to be addressed.


[bookmark: _Ref60654328]Figure 1 Procedures of Rel-16 CHO for UE
· Issue 1: How to trigger CHO event for IAB node
In Rel-16, condEventA3 and condEventA5 are introduced for CHO and CPC. Measurements of the two conditional events are same as events A3 and A5. For IAB node, the two events can be reused.
Additionally, IAB specific issues need to be considered. In email discussion [5], it was clarified that type-4 RLF indication (RLF recovery failure) can trigger CHO based on Rel-16 specification. The question is whether type-2 RLF indication can trigger CHO. 
Referring to Figure 2, when IAB node 2 performs RRC re-establishment, it can receive data from IAB node 1 and transfer the data to IAB donor after BH link is recovered. If type-2 RLF indication can trigger CHO for IAB node 1 directly, the best case is IAB node1 accessing to a suboptimal cell, but the worst case is IAB node 1 encountering RLF because no suitable cell to access. A potential optimization is to introduce a new condition which should be used together with type-2 RLF indication to trigger CHO. The new condition could be a new Event or adjusting the threshold of condEventA3/condEventA5 when the descendant node receives type-2 RLF indication. If the descendant cell can get a cell based on the new condition, it could perform CHO. Otherwise, it should keep in the original cell after type-2 RLF indication reception.


[bookmark: _Ref60672557]Figure 2 CHO event triggered by RLF indication
[bookmark: _Toc61607557]Proposal 1: Confirm the triggers of CHO event including: 1) condEventA3; 2) condEventA5; and 3) type-4 RLF indication.
[bookmark: _Toc61607558]Proposal 2: Type-2 RLF indication cannot be a trigger of CHO event alone unless other condition such as new event or new threshold of condEventA3/condEventA5 can be introduced to work with type-2 RLF indication.

· Issue 2: IAB node specific configuration
When IAB node performs CHO, IAB specific configurations such as default BAP configuration and IP address should be pre-configured to IAB node. Referring to the CHO configuration in RRC specification [4] as below, it seems CHO for IAB node can be supported based on Rel-16 RRC messages.
	CondReconfigToAddModList information element
-- ASN1START
-- TAG-CONDRECONFIGTOADDMODLIST-START

CondReconfigToAddModList-r16 ::= SEQUENCE (SIZE (1.. maxNrofCondCells-r16)) OF CondReconfigToAddMod-r16

CondReconfigToAddMod-r16 ::=     SEQUENCE {
    condReconfigId-r16               CondReconfigId-r16,
    condExecutionCond-r16            SEQUENCE (SIZE (1..2)) OF MeasId                      OPTIONAL,    -- Cond condReconfigAdd
    condRRCReconfig-r16              OCTET STRING (CONTAINING RRCReconfiguration)          OPTIONAL,    -- Cond condReconfigAdd
    ...
}

-- TAG-CONDRECONFIGTOADDMODLIST-STOP
-- ASN1STOP

	CondReconfigToAddMod field descriptions

	condExecutionCond
The execution condition that needs to be fulfilled in order to trigger the execution of a conditional reconfiguration. When configuring 2 triggering events (Meas Ids) for a candidate cell, network ensures that both refer to the same measObject.

	condRRCReconfig
The RRCReconfiguration message to be applied when the condition(s) are fulfilled. The RRCReconfiguration message contained in condRRCReconfig cannot contain the field conditionalReconfiguration or the field daps-Config.




RRCReconfiguration message
…
RRCReconfiguration-v1610-IEs ::=        SEQUENCE {
    otherConfig-v1610                       OtherConfig-v1610                                                    OPTIONAL, -- Need M
    bap-Config-r16                          SetupRelease { BAP-Config-r16 }                                      OPTIONAL, -- Need M
    iab-IP-AddressConfigurationList-r16     IAB-IP-AddressConfigurationList-r16                                  OPTIONAL, -- Need M
    conditionalReconfiguration-r16          ConditionalReconfiguration-r16                                       OPTIONAL, -- Need M
    daps-SourceRelease-r16                  ENUMERATED{true}                                                     OPTIONAL, -- Need N
    t316-r16                                SetupRelease {T316-r16}                                              OPTIONAL, -- Need M
    needForGapsConfigNR-r16                 SetupRelease {NeedForGapsConfigNR-r16}                               OPTIONAL, -- Need M
    onDemandSIB-Request-r16                 SetupRelease { OnDemandSIB-Request-r16 }                             OPTIONAL, -- Need M
    dedicatedPosSysInfoDelivery-r16         OCTET STRING (CONTAINING PosSystemInformation-r16-IEs)               OPTIONAL, -- Need N
    sl-ConfigDedicatedNR-r16                SetupRelease {SL-ConfigDedicatedNR-r16}                              OPTIONAL, -- Need M
    sl-ConfigDedicatedEUTRA-Info-r16        SetupRelease {SL-ConfigDedicatedEUTRA-Info-r16}                      OPTIONAL, -- Need M
    smtc-r16                                SSB-MTC                                                              OPTIONAL, -- Need S
    nonCriticalExtension                    SEQUENCE {}                                                          OPTIONAL
}
…



[bookmark: _Toc61607559]Proposal 3: Confirm CHO for IAB node can be supported based on Rel-16 RRC messages.
· Issue 3: mobility of descendant nodes and UEs
RAN3 has below assumptions and agreements:
	We assume that all parent-child relations are retained at the new donor
UEs and IAB-MTs should not be forced into connection re-establishment in order to migrate to a new donor
The following information should be made available to the new donor:
1. Contexts of all involved UEs,
2. Contexts of all involved MTs,
3. Contexts of all involved DUs,
4. Backhaul and topology-related information,
5. IP address information



To align with RAN3 progress, RAN2 can take the same preconditions. Assuming all parent-child relations are retained at the new donor, after IAB node migration, the descendant node should be reconfigured within a cell or perform HO according to the IAB node DU configuration depends on whether the cell managed by IAB node DU is changed.


[bookmark: _Ref60687294]Figure 3 The example of IAB node handover
Case 1: The cell managed by IAB node 1 DU is unchanged after IAB node 1 migration
From descendant IAB node(s) perspective, the connected cell has not been changed. Taking Figure 3 as an example, the IAB node 4 configuration (such as path id) is associated to IAB node 2 before IAB node 1 migration. After IAB node 1 migrated to IAB node 3, the IAB node 4 should be reconfigured to associate with IAB node 3. To minimize time interruption, the information associated with IAB node 3 can be pre-configured to IAB node 4 before IAB node 1 migration. And the new configuration can be validated by IAB node 1 after IAB node 1 migration.
Case 2: The cell managed by IAB node 1 DU is changed after IAB node 1 migration
In case 2, the descendant nodes can perform handover to new cell of IAB node 1 after IAB node 1 migration. To minimize time interruption, CHO for the descendant nodes should be considered. With CHO configuration, MeasObject associated with the RRCReconfiguration indicates the cell information (DL frequency, PCI, etc.) managed by IAB node 1 after migration. Then after IAB node 1 completes handover to IAB node 3 and the cell controlled by its DU is changed, the descendants can handover to the new cell according to CHO configuration.
[bookmark: _Toc61607560][bookmark: OLE_LINK5][bookmark: OLE_LINK6]Proposal 4: If the cell managed by migration IAB node DU is unchanged after migration IAB node handover: the information associated with target path can be pre-configured to the descendant node, and be validated by migration node after handover.
[bookmark: _Toc61607561]Proposal 5: If the cell managed by migration IAB node DU is changed after migration IAB node handover:  CHO can be configured to the descendant node(s) and the target cell is the new cell managed by migration node after handover.
DAPS
Although RAN2 would not like to prioritize DAPS, RAN3 agreed DAPS-like solution for DL yet.
RAN3 agreed “The simultaneous connectivity dual-protocol solution (“DAPS-like”) of an IAB node should allow at least simultaneous DL reception of BH traffic carried on BH RLC channels on the paths from both donors” but has no agreement on simultaneous UL transmission.[3]
With inter-donor handover for IAB node, PDCP entities of the associated UEs should be re-established. To perform DAPS handover for IAB node, two possible architectures can be considered.
· Architecture 1: dual-protocol for every node from migration IAB node to UE
In architecture 1, when the IAB node performs DAPS HO, all nodes in the path between migration node and UE have dual-protocol as Figure 4. 
To minimize the specification impact on UE, IAB donor should trigger UE to perform DAPS HO by sending RRCReconfiguration with sync in the old path. To simplify the design, the migration node (IAB node 1) and medium node (IAB node 4) will maintain old path until UE complete HO and detach from the old path.
This architecture is simple and clear for 1:1 mapping between UE RLC channel and BH RLC channel. For N:1 mapping between UE RLC channels and BH RLC channel, the two paths of IAB node(s) should be maintained for multiple UEs until all UEs handover to the target IAB donor. This architecture has no obstacle for either simultaneous DL transmission or simultaneous UL transmission.
Advantages of architecture 1: 1) simple to implement; 2) no impact on UE specification with correct NW implementation.
Disadvantage of architecture 1: 1) all nodes need to have DAPS capability; 2) dual-protocol for IAB node should be maintained for a long time which waste radio resource; 3) From RAN3 perspective, IAB nodes should have two logical F1APs simultaneously.


[bookmark: _Ref60729861]Figure 4 DAPS Architecture 1: dual protocol for every node between migration node and UE
· Architecture 2: dual-protocol for migration node only
In architecture 2, only the migration node needs to maintain dual-protocol. We can assume the migration node should store DL data from target donor temporarily and start to send the data to UE after PDCP re-establishment in UE side.
However, there are several issues need to be addressed. Note simultaneous UL transmission is more difficult so we prefer not to support simultaneous UL transmission in this architecture.
1) When and how to trigger PDCP re-establishment in UE side?
2) It is impossible for the migration node to know the PDCP re-establishment of UE. So how does the migration node decide to switch the data transmission from old PDCP to new PDCP?
3) When and how to update F1AP for the migration node and descendant node?


Figure 5 DAPS Architecture 2: dual protocol for migration node only
Considering the issues listed above, it is not clear how to perform architecture 2 in current stage. So we don’t list its advantages and disadvantages which depend on detailed solutions. However, architecture 2 is still attractive because it has little capability requirement for other nodes and UE(s). 
[bookmark: _Toc61607562]Proposal 6: Take Architecture 1 (dual-protocol for every node between migration node and UE) as baseline if DAPS should be supported. 
[bookmark: _Toc61607563]Proposal 7: Discuss whether to support architecture 2 considering the issues need to be addressed.
[bookmark: _Toc61607564]Proposal 8: Whether to support simultaneous UL transmission for inter-donor HO should be discussed based on the progress of architecture discussion.
Conclusion
According to the above discussion, the proposals on the above issues are as follows:
Proposal 1: Confirm the triggers of CHO event including: 1) condEventA3; 2) condEventA5; and 3) type-4 RLF indication.
Proposal 2: Type-2 RLF indication cannot be a trigger of CHO event alone unless other condition such as new event or new threshold of condEventA3/condEventA5 can be introduced to work with type-2 RLF indication.
Proposal 3: Confirm CHO for IAB node can be supported based on Rel-16 RRC messages.
Proposal 4: If the cell managed by migration IAB node DU is unchanged after migration IAB node handover: the information associated with target path can be pre-configured to the descendant node, and be validated by migration node after handover.
Proposal 5: If the cell managed by migration IAB node DU is changed after migration IAB node handover:  CHO can be configured to the descendant node(s) and the target cell is the new cell managed by migration node after handover.
Proposal 6: Take Architecture 1 (dual-protocol for every node between migration node and UE) as baseline if DAPS should be supported.
Proposal 7: Discuss whether to support architecture 2 considering the issues need to be addressed.
Proposal 8: Whether to support simultaneous UL transmission for inter-donor HO should be discussed based on the progress of architecture discussion.
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