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1   Introduction

In the RAN2#112e/RAN2#113e/ RAN2#113bis-e and in RAN3#111e meeting, we discussed the enhancements to improve topology adaption. The following agreements regarding “DAPS-like handover” have been reached in previous meetings:
	· RAN2 Agreements

RAN2#112e

· 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). 

RAN2#113e

· Will indicate regarding P3 that R2 doesn’t understand what is asked by “DAPS-like”, Ask R3 to clarify what they want to achieve. 

RAN2#113bis-e

-
Chair: We will not make any general agreement to support or not support DAPS-like mobility as this is too wide and there is divergent understanding what are the issues to resolve and how. 

RAN2#114-e

-
Chair: proposals on CHO and DAPS were not discussed. 

· RAN3 Agreements

RAN3#111e

Discuss how to support simultaneous connectivity with 2 donors, to reduce service interruption; potential solutions may include dual-protocol-stack solutions (“DAPS-like”); FFS whether the same solution also applies to descendant nodes

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.

FFS whether the descendant nodes and UEs receive RRC reconfiguration messages before migrating IAB node connects to target path

RAN3 further studies “DAPS-like” solution after RAN2 has conclusions
RAN3#112e

No conclusion about DAPS-like solution/Dual IAB Protocol Stack in Rel17.


In this contribution, we will further discuss how to do DAPS-like handover and the scenario for DAPS-like and NR-DC for IAB. 
2   Discussion

RAN3 considered the use cases of load balancing, robustness and reduction of service interruption for inter-donor topology adaptation in LS R3-211326. However, RAN3 assumed that a DAPS-like solution for backhauling should be defined by RAN2. Then we can discuss the use cases for DAPS-like solution first.

In the last RAN2#113bis-e meeting, RAN2 didn’t make any agreement regarding DAPS HO for IAB. This is due to the definition and scope of DAPS-like mobility as this is too wide and there is divergent understanding what are the issues to resolve and how to define DAPS-like handover. Some companies proposed that DAPS like can be replaced by NR DC. It was already agreed in RAN3 that NR-DC is considered as a baseline for simultaneous connectivity to two parents. In our view, load balancing and robustness could be achieved by NR-DC. For inter-donor migration scenario, DAPS-like solution could be used to reduce the service interruption which is similar as R16 DAPS.
Observation 1: DAPS-like handover and NR DC are different scenarios for different problems. 
2.1   The scenario for DAPS of IAB:
For load balancing, Rel_17 IAB will study enhancements to improve topology-wide fairness multi-hop latency and congestion mitigation. In the congestion mitigation scope, some solutions were proposed to mitigate congestion, e.g. RLC channel splitting, re-routing, RLC channel remapping. So robustness and reduction of service interruption for inter-donor topology adaptation should be studied in the first priority. 
Proposal 1: Robustness and reduction of service interruption for inter-donor topology adaptation should be studied in the first priority.
2.2   The scenario for NR DC of IAB:

In a typical scenario of NR DC, a UE can connect to two gNBs simultaneously in order to offload some of the traffic to SCG, and to enhance the robustness. Since RAN3 has agreed the introduction of NR DC for IAB, RAN2 should define new rules for routing/bearer mapping. 
In Rel_16 IAB, a list of routing table were configured to IAB MT. Only the first entry of the routing table is used, the other routing table can only be used when RLF occurs. In Rel_17 IAB enhancement, IAB node is motivated to connect two active parent node, to perform load balancing and increase the network capacity. 
2.3   How NR DC does what DAPS can do

In NR DC, a SCG can be added to MCG by the Serving gNB by anytime, e.g. the measurement report from a PScell when the UE is moving to the cell edge of a Pcell. After the SCG is configured, since the UE is moving to the edge of the PCell, the MCG can switch the MCG and SCG by an RRCReconfiguration message, and then drop the SCG like the source gNB. 
Here are the steps how NR DC can replace the function of DAPS by two steps:
Step 1: configure the target gNB as a SCG.

Step 2: switch SCG and MCG by RRCReconfiguration

Step 3: remove the source gNB as a SCG.
Observation 2: NR DC is more complex and brings longer latency during the handover compared to DAPS-like handover solution. 
But it is crystal clear that if we use NR DC to replace DAPS, we need three steps above. However DAPS can do this by one signaling. NR-DC can only be used by other scenarios, e.g. load balancing, which we will discuss in the following paragraph. So we propose DAPS-like solution is supported in Rel_17 IAB enhancement.
Proposal 2: DAPS-like handover is supported in Rel_17 IAB enhancement.
As we discussed above, when UE is connected with MCG and SCG, some of the DRBs are configured in MCG, some of the DRBs are configured in SCG, and some of DRBs are split bearers. So NR DC can be used for load balancing, as some of the service can be offloaded in SCG by SCG bearer or split bearer. Furthermore, RAN3 has agreed that DAPS-like handover can be used for the purpose of load balancing, so we propose that both DAPS-like handover and NR DC can be used to for the purpose of load balancing.

Proposal 3: both DAPS-like handover and NR DC can be used to for the purpose of load balancing.

2.4   How to support DAPS handover in IAB

[1] In Rel_16 DAPS handover, PDCP plays the most important role of DAPS handover. Because the UE PDCP entity is connected to both source gNB and target gNB simultaneously. This PDCP entity has dual ROHC and security configuration. And then, the source gNB and the target will transmit DL PDCP PDU simultaneously, the PDCP entity of UE will decrypt the PDCP PDU, and re-order these PDUs from source gNB and target gNB.

However, in IAB, the IAB node doesn’t have PDCP entity, namely neither decryption nor re-ordering can be done by the migrating IAB node.  If we add PDCP entity to IAB node, then the Rel_17 IAB architecture will completely be non backward compatible with Rel_16 IAB. So it is unacceptable to introduce PDCP layer to migrating IAB node.
Proposal 4: it is suggested not to introduce PDCP layer to migrating IAB node.

If we will not introduce PDCP layer to migrating IAB node, it means some of the function should be left to UE. In the figure below, when IAB2 is perform DAP HO, the link between UE and the access IAB node is unchanged, but the PDCP PDU from the UE point of view are sent from source Donor IAB and target Donor IAB, which means UE should be able to differentiate the PDCP PDUs from source Donor IAB and target Donor IAB. If not, UE is not able to correctly decompress and decrypt the PDCP PDUs from source Donor IAB and target Donor IAB separately. So during the DAPS like IAB HO, UE should be able to differentiate the PDCP PDUs from source Donor IAB and target Donor IAB.
Proposal 5: UE should be able to differentiate the PDCP PDUs from source Donor IAB and target Donor IAB.
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Figure 1: DAPS like HO for IAB

On the other hand, due to the early SN transfer message in Rel_16 DAPS, the UE can re-order the PDCP PDU from source gNB and target gNB. The source gNB does not stop assigning SNs to downlink PDCP SDUs until it sends the SN STATUS TRANSFER message to the target gNB. If DAPS like HO is introduced for IAB, DL PDCP PDUs will be simultaneously transmitted to the UE during the DAPS procedure. But by figure 1, IAB2 is the node who is performing DAPS HO, if IAB2 is not impacted, IAB2 should transmit the duplicated PDCP PDUs to UE1/UE2, which will waste the radio resources to all its descendant IAB node (IAB1) and all UEs (UE1/UE2). Given the large number of descendant node and UEs attached, migrating IAB node2 should be enhanced to perform duplication detection from source IAB donor and target IAB donor.
Proposal 6: migrating IAB node should be enhanced to perform duplication detection from source IAB donor and target IAB donor.

1.1.1. DAPS-like protocol stack
The most significant feature of DAPS HO with legacy Rel-16 DAPS HO is UE has two PDCP entity which talks with the source gNB PDCP entity and target PDCP entity simultaneously, by which make it possible receiving the DL transmission simultaneously. In IAB DAPS-like handover, the migrating IAB node can have 1 or 2 BAP entities which it connects with the source parent IAB node and target parent IAB node simultaneously. 
In the previous offline email discussion in RAN2#113bis discussed how the DAPS-like protocol stack looks like, and we have agreement on the two independent PHY/MAC/RLC protocol stacks, but it is contentious whether a common BAP or two independent BAP entities shall be used.
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Figure 2: One of the potential protocol stacks for DAPS-like solution

Hereby we list how one and two BAP entity works when forwarding BAP PDU:
Two BAP entities: If there are two BAP entities in IAB3, then IAB4 BAP entity has to be configured with two BAP routing tables, since there are two BAP entities with two BAP addresses in the upstream IAB node3. It is obvious that two BAP entities protocol stack increases the configuration complexity of descendant node. And this multiple configuration also applies to the parent IAB node1/2 as well. 

Observation 3: two BAP entities protocol stacks brings additional configuration of BAP routing for each adjacent IAB node. 
In addition, in the previous discussion of congestion mitigation, a lot of contributions mentioned that the intermediate IAB node should be able to re-write the BAP header to re-route the BAP PDU to another path in case of congestion. But with two BAP entities in the intermediate IAB node3, with reception of a UL BAP PDU from IAB4, one BAP entity of IAB3 can’t re-route the BAP PDU from IAB1 to IAB2, thus it makes congestion mitigation more difficult with two BAP entities.
Observation 4: two BAP entities protocol stack makes congestion mitigation more difficult and more complex configuration. 
Proposal 7: it is proposed to introduce one BAP entity protocol stack for DAPS-like HO.

3   Conclusion

In this contribution, we discussed the scenarios for DAPS-like handover and NR DC, alone with the triggering condition of DAPS for IAB, and descendant node and the UE behavior, so we will have the following proposals:
Observation 1: DAPS-like handover and NR DC are different scenarios for different problems. 
Observation 2: NR DC is more complex and brings longer latency during the handover compared to DAPS-like solution. 
Observation 3: two BAP entities protocol stacks brings additional configuration of BAP routing for each adjacent IAB node. 
Observation 4: two BAP entities protocol stack makes congestion mitigation more difficult and more complex configuration. 
Proposal 1: Robustness and reduction of service interruption for inter-donor topology adaptation should be studied in the first priority.
Proposal 2: DAPS-like handover is supported in Rel_17 IAB enhancement.
Proposal 3: both DAPS-like handover and NR DC can be used to for the purpose of load balancing.

Proposal 4: it is suggested not to introduce PDCP layer to migrating IAB node.

Proposal 5: UE should be able to differentiate the PDCP PDUs from source Donor IAB and target Donor IAB.
Proposal 6: migrating IAB node should be enhanced to perform duplication detection from source IAB donor and target IAB donor.

Proposal 7: it is proposed to introduce one BAP entity protocol stack for DAPS-like HO.
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