
3GPP TSG-RAN WG2 Meeting #114 electronic	R2-2105273
Online, 19th – 27th May 2021

Agenda Item:	8.4.3 
Source: 	vivo
Title:         	Discussion on DAPS-like solution and CHO triggers
Document for: 	Discussion and Decision 
1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
DAPS-like solution, with the intention of reducing downlink service interruption in IAB topology, has attracted some attention in recent meetings, however, neither the concept of the term ‘DAPS-like’ nor the benefits of the solution compared to NR-DC is clear yet. Since companies’ views are remarkably divergent on this topic, it is suggested by the Chair [1] that we need to first decide on the use case for DAPS-like solution (the wanted benefits) and then identify the issues that associated with IAB-specific scenarios (specify the issues to be solved).  
	RAN2#113b-e meeting minutes on DAPS
-	Chair: Think the wording DAPS-like may have been unfortunate. Will not capture any agreement for now. The situation is that NR-DC is already in scope of IAB from previous, and also any functionality may actually be used. However for the mobility features in the baseline that depend on PDCP we need to be specific in what is the wanted benefit for enhancements. Can indeed consider enhancements to single-link scenarios and they may be DAPS like, but we should also then specify which issues to be addressed (as this is more important).

-	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 also discussed CHO-related issues at #113b-e meeting, a high-level guidance is given for both the use case and solution design. It was agreed that the legacy CHO execution conditions can be re-used for IAB-MT, companies can still discuss if there are any other triggers needed.
	RAN2#113b-e meeting minutes on CHO
· The use cases for IAB-MT CHO should be migration and RLF recovery.
· RAN2 should have a common solution for intra-CU/intra-DU CHO and intra-CU/inter-DU CHO. 
· condEventA3 and condEventA5 are applicable to IAB-MT
· FFS if other CHO execution condition is needed (e.g. whether type 2 RLF indication can be used as trigger)


Given the above progress, in this contribution we first discuss the use case of DAPS-like solution, and then give a clear definition of DAPS-like protocol stack from our perspective, so that we can proceed the discussions on potential issues to be solved based on this context. In the second part, we will briefly discuss whether CHO needs any new triggers.
2. Discussion
2.1. On DAPS-like solution
2.1.1. Use case
DAPS was introduced in Rel-16 as a means of achieving a non-interrupted user plane service experience during handover. In the case of DAPS handover, UE is able to maintain connections with source and target cells simultaneously. Specifically, UE suspends source cell SRBs upon receiving the DAPS handover command message, while keeps the source connection for DAPS DRBs. UE continues the downlink user data reception from the source gNB until releasing the source cell and continues the uplink user data transmission to the source gNB until a successful random-access procedure to the target gNB. Not until the reception of an explicit release command from the target gNB will the UE release the source cell SRBs and DAPS DRBs configurations. Figure 1 given below shows the detailed procedure of DAPS HO.
[bookmark: _Ref71206234][image: ]
[bookmark: _Ref71279533]Figure 1 DAPS HO procedure
It can be seen from Figure 1 that the target gNB (TgNB) will notify the source gNB (SgNB) via Xn interface (HO success) to stop assigning PDCP SNs to downlink packets after the TgNB receives the RRCReconfigurationComplete message from UE. This means that DAPS can only maintain simultaneous downlink transmissions from TgNB and SgNB for a temporary period of time, thus using DAPS for load-balancing is not ideal because UE can only have the benefits of simultaneous transmissions for a short-term period. Essentially, DAPS is an HO procedure, the status that UE maintains is different from the long-term stable relationship of NR-DC, which can be used for robustness and load-balancing.
Observation 1 [bookmark: _Ref71307470]The purpose of legacy DAPS solution is to achieve 0 ms user plane latency, i.e., to reduce the service interruption.
Observation 2 [bookmark: _Ref71307474]DAPS can only maintain simultaneous downlink transmissions from TgNB and SgNB for a temporary period of time, thus using DAPS for load-balancing is not ideal because UE can only have the benefits of simultaneous transmissions for a short-term period.
Observation 3 [bookmark: _Ref71307477]DAPS is essentially an HO procedure (for a temporary period of time), but robustness and load-balancing require a continuous state that lasts relatively long (such as in NR-DC).
Similarly, DAPS-like solution should also have the same use case as legacy Rel-16 DAPS has:
[bookmark: _Ref71307480]The use case of DAPS-like solution is the reduction of service interruption.
2.1.2. DAPS-like protocol stack
DAPS-like solution has some similarities with legacy Rel-16 DAPS HO, the major difference is that the anchor point is moved from PDCP to the BAP sublayer, so the migrating IAB-node can also perform simultaneous transmissions for downstream nodes via a transparent mode (since the end-to-end transmission only concerns IAB-donor-CU and UE/access-IAB-nodes, thus no PDCP is involved in the intermediate IAB-node). 
The offline email discussion [2] tried to clarify the definition of DAPS-like protocol stack with Figure 2 (consist of two independent protocol stacks “PHY/MAC/RLC” defined in the MT, 1 or 2 BAPs in the migrating node is FFS), but the collected views showed that there is no convergent understanding on DAPS-like architecture yet. 


[bookmark: _Ref71279600]Figure 2 One of the potential protocol stacks for DAPS-like solution
Companies reached a consensus 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. From our perspective, both designs are feasible in terms of achieving the DAPS-like functionality, but the specification efforts may. Given that we are still at the early stage of evaluating such a solution, it is premature to make the final decision on the protocol stack. However, if the protocol stack of DAPS-like solution remains unclear to us, we can hardly identify the potential issues that may arise in IAB framework. So. in order to facilitate the discussion, we can make a working assumption that two BAP entities are used for further solution evaluation. The stage-3 details can be discussed later after we justify the benefits of DAPS-like solution compared with existing mechanisms, such as NR-DC. 
Observation 4 [bookmark: _Ref71307486]Companies reached a consensus on the two independent PHY/MAC/RLC protocol stacks, while hold different views on whether a common BAP or two independent BAP entities shall be used.
Observation 5 [bookmark: _Ref71307491]From our perspective, both designs are feasible in terms of achieving the DAPS-like functionality, but the specification efforts may.
Observation 6 [bookmark: _Ref71307494]To facilitate the discussion, we can make a working assumption that two BAP entities are used for further solution evaluation. The stage-3 details can be discussed later after we justify the benefits of DAPS-like solution compared with existing mechanisms, such as NR-DC.
[bookmark: _Ref71307559]RAN2 to make a WA that DAPS-like solution consists of two independent PHY/MAC/RLC/BAP protocol stacks, and is only applicable to IAB.
2.1.3. Issues to be solved with the proposed protocol stack
Figure 3 is extracted from [2] and given below for detailed analysis of DAPS-like solution. Assume IAB3 (migrating node) is handed over from IAB1 (under IAB-donor-CU1 topology) to IAB2 (under IAB-donor-CU2 topology) with DAPS-like solution, then IAB3 is supposed to provide non-interrupted downlink service to its downstream nodes/UEs during HO. 


[bookmark: _Ref71292625]Figure 3 DAPS-like HO for IAB3
Take the end-to-end transmission between IAB-donor-CU1 and UE1 for example. Upon reception of DAPS-like HO command, the migrating node will perform RACH at the target IAB2 and establish another set of independent protocol stack MAC/RLC/BAP. Since the DAPS-like solution aims to maintain the simultaneous transmission on the level of BH RLC channel for the end-to-end transmission between IAB-donor-CU1 and UE1, the PDCP sublayer at the migrating IAB-node is not involved. Thus the migrating node merely plays a role in sustaining both the source and target connections for BAP packets (which includes PDCP packets coming from IAB-donor-CU1/CU2 for UE1) transmission, or in other words, the migrating IAB-node is responsible for data-forwarding from both target and source nodes via the single access link between migrating node and UE1, see the illustration in Figure 3 with orange and purple dotted lines. The PDCP anchor still lies in between UE and IAB-donor-CU, and UE should be able to decode the PDCP packets with respective keys assigned by target IAB-donor-CU and source IAB-donor-CU. In this manner, UE1 suffers zero service interruption during the migration phase of IAB3.
Observation 7 [bookmark: _Ref71307501]The migrating node merely plays the role in sustaining both the source and target connections for BAP packets (which includes PDCP packets coming from IAB-donor-CU1/CU2 for UE1) transmission, or in other words, the migrating IAB-node is responsible for data-forwarding from both target and source nodes via the single access link between migrating node and UE1.
Observation 8 [bookmark: _Ref71307504]The PDCP anchor still lies in between UE and IAB-donor-CU, and UE should be able to decode the PDCP packets with respective keys assigned by target IAB-donor-CU and source IAB-donor-CU.
In light of the above process for DAPS-like, the following issues are identified:
1) The DAPS-like solution needs the specification efforts for both PDCP located at the migrating IAB-MT and BAP sublayer located at migrating node (IAB-MT and IAB-DU). First of all, we need to specify the process specifically aimed for BAP sublayer located at the migrating node. Besides, the MT part of the migrating node should also follow the normal HO process with regard to the PDCP sublayer (to re-establish with a new key, unlike the DAPS HO which is to maintain two keys at the same time) so that the SRBs and optionally the DRBs can be established towards the target IAB-donor-CU. 
2) The DAPS-like solution requires UE to distinguish the packets coming from different CUs (target and source CUs with different keys) via a single access link (or a single MAC entity). In Rel-16, a UE configured with DAPS HO would establish two sets of independent protocol stacks for two access links, respectively. If the UE receives a packet from the MAC entity that connected with the source node, the UE would decode the packet with the source key, otherwise the UE would use the target key to decode the packet. With the two separate MAC entities, UE is able to recognize whether the packets should be decoded with source or target key. But in the framework of DAPS-like solution, the UE is demanded to perform the DAPS HO via only a single access link, in which case the UE can only establish a single MAC entity. Consequently, the single MAC entity located at UE side should be enhanced with the ability of dividing the packets with different PDCP keys into different groups for further decoding. 
[bookmark: _Ref71307547]Two issues need to be solved in DAPS-like solution:
a. [bookmark: _Ref71307550]specification efforts for PDCP sublayer located at the migrating IAB-MT and BAP sublayer located at migrating node (IAB-MT and IAB-DU) are needed.
b. [bookmark: _Ref71307552]UE is required to distinguish the packets coming from different CUs (target and source CUs with different keys) via a single access link (or a single MAC entity).
If DAPS-like solution is to be supported, the benefit would obviously be the reduction of service interruption, which may be achieved by means of NR-DC. However, the benefit is obtained at the expense of further enhancements on both the IAB-node and UE. Thus, RAN2 needs to carefully evaluate the necessity of introducing the DAPS-like solution which would have an unavoidable impact on the UE.
Observation 9 [bookmark: _Ref71307512]The expected benefit of DAPS-like solution is the reduction of service interruption, which may be achieved by means of NR-DC. However, such benefit is obtained at the expense of further enhancements on both the IAB-node and UE.
[bookmark: _Ref71307542]RAN2 needs to carefully evaluate the necessity of introducing the DAPS-like solution as this solution would inevitably impact UE.

2.2. On CHO triggers
The existing CHO procedure in R16 was designed for single UE handover. When certain preconfigured radio condition for a preconfigured handover command for a UE fulfils, handover is triggered at the UE side and the UE initiates connection setup with the target cell. However, for an IAB node, there can be descendant nodes (UE/IAB node), wherein the migration of an IAB node impact on BAP routing of its descendant nodes. 
For intra-donor intra-donor-DU migration, the destination addresses of both UL and DL data transmission for both the migration IAB node and its descendant IAB nodes have not been changed after the migration of an IAB node. However, the configured BAP paths for the descendant IAB nodes of the migration IAB node of the migrated IAB nodes are corrupted due to the parent IAB-DU switch of the migration IAB node. 
Observation 10 [bookmark: _Ref68076694]After the intra-CU intra-donor-DU migration of an IAB node based on CHO cmd, the original UL/DL BAP paths for the descendant IAB nodes of the migration IAB node are broken.
According the existing BAP routing configuration, the migration IAB node can select a proper next stop IAB node for data forwarding according to the destination BAP address for any received BAP PDU to be forwarded. This means that there is no data loss and the service data transmission can continue during the migration procedure. However, even though data forwarding for descendant IAB node can be achieved by BAP path reselection according the destination BAP address carried by a BAP PDU without BAP path reconfiguration, this should not be a usual situation because it causes uncertainty for QoS management (e.g., latency, data rate). Hence, BAP path reconfiguration for descendant IAB nodes is preferred. 
[bookmark: _Ref68076613]When intra-CU intra-donor-DU CHO is triggered for a migration IAB node, the BAP path of all descendant IAB nodes of the migration IAB node can be reconfigured by the CU.
According to the minutes from RAN2#113bis-e, there is still one open issue on whether RLF detection, Type 2/4 RLF indication should be supported to trigger CHO for an IAB node. Below are some related analyses:
· CHO triggering by Type 2 RLF indication 
Assuming the topology that is being used has already been well optimized for an IAB node, the current parent IAB node (IAB node A) of this IAB node can be assumed to be the best one among all candidate parent IAB nodes.  When Type 2 RLF indication is received while no corresponding Type 4 RLF indication has been received from its parent IAB node yet, its parent IAB node is trying to recover the radio connection, with either the original parent IAB node or a new one. If an IAB node switches to another parent IAB node upon Type 2 RLF indication reception while afterwards its original parent IAB node has successfully recovered the radio connection, the IAB network topology may have to be adapted back to the original parent IAB node in order to optimize the IAB network topology, which means additional signal procedure and the service interruption due to such back and forth topology adaptation.
· CHO triggering by Type 4 RLF indication or RLF detection
According to the existing procedure for CHO, it has already been allowed for a UE to perform reconfiguration using a stored CHO command if the selected cell is one of the candidate cells of the store CHO command [3]. The corresponding specification [3] is attached below for reference:
	5.3.7.3	Actions following cell selection while T311 is running
Upon selecting a suitable NR cell, the UE shall:
1>	ensure having valid and up to date essential system information as specified in clause 5.2.2.2;
1>	stop timer T311;
1>	if T390 is running:
2>	stop timer T390 for all access categories;
2>	perform the actions as specified in 5.3.14.4;
1>	if the cell selection is triggered by detecting radio link failure of the MCG or re-configuration with sync failure of the MCG, and
1>	if attemptCondReconfig is configured; and
1>	if the selected cell is one of the candidate cells for which the reconfigurationWithSync is included in the masterCellGroup in VarConditionalReconfig:
2>	apply the stored condRRCReconfig associated to the selected cell and perform actions as specified in 5.3.5.3;

NOTE 1:	It is left to network implementation to how to avoid keystream reuse in case of CHO based recovery after a failed handover without key change.




Observation 11 [bookmark: _Ref71307520]CHO triggered by RLF detection or Type 2 RLF indication may result in ping-pong topology adaptation.
Observation 12 [bookmark: _Ref71307523]For RLF recovery upon reception of Type 4 RLF indication or RLF detection, the IAB-MT can perform migration according to the stored CHO cmd according to Rel-16 CHO procedure.
[bookmark: _Ref71307532]New CHO triggering conditions for IAB node migration, such as RLF detection, Type 2/Type4 RLF indication, are not needed.
3. Conclusion
The observations and proposals are the following:
Observation 1	The purpose of legacy DAPS solution is to achieve 0 ms user plane latency, i.e., to reduce the service interruption.
Observation 2	DAPS can only maintain simultaneous downlink transmissions from TgNB and SgNB for a temporary period of time, thus using DAPS for load-balancing is not ideal because UE can only have the benefits of simultaneous transmissions for a short-term period.
Observation 3	DAPS is essentially an HO procedure (for a temporary period of time), but robustness and load-balancing require a continuous state that lasts relatively long (such as in NR-DC).
Observation 4	Companies reached a consensus on the two independent PHY/MAC/RLC protocol stacks, while hold different views on whether a common BAP or two independent BAP entities shall be used.
Observation 5	From our perspective, both designs are feasible in terms of achieving the DAPS-like functionality, but the specification efforts may.
Observation 6	To facilitate the discussion, we can make a working assumption that two BAP entities are used for further solution evaluation. The stage-3 details can be discussed later after we justify the benefits of DAPS-like solution compared with existing mechanisms, such as NR-DC.
Observation 7	The migrating node merely plays the role in sustaining both the source and target connections for BAP packets (which includes PDCP packets coming from IAB-donor-CU1/CU2 for UE1) transmission, or in other words, the migrating IAB-node is responsible for data-forwarding from both target and source nodes via the single access link between migrating node and UE1.
Observation 8	The PDCP anchor still lies in between UE and IAB-donor-CU, and UE should be able to decode the PDCP packets with respective keys assigned by target IAB-donor-CU and source IAB-donor-CU.
Observation 9	The expected benefit of DAPS-like solution is the reduction of service interruption, which may be achieved by means of NR-DC. However, such benefit is obtained at the expense of further enhancements on both the IAB-node and UE.
Observation 10	After the intra-CU intra-donor-DU migration of an IAB node based on CHO cmd, the original UL/DL BAP paths for the descendant IAB nodes of the migration IAB node are broken.
Observation 11	CHO triggered by RLF detection or Type 2 RLF indication may result in ping-pong topology adaptation.
Observation 12	For RLF recovery upon reception of Type 4 RLF indication or RLF detection, the IAB-MT can perform migration according to the stored CHO cmd according to Rel-16 CHO procedure.

Proposal 1	The use case of DAPS-like solution is the reduction of service interruption.
Proposal 2	RAN2 to make a WA that DAPS-like solution consists of two independent PHY/MAC/RLC/BAP protocol stacks, and is only applicable to IAB.
Proposal 3	Two issues need to be solved in DAPS-like solution:
a. specification efforts for PDCP sublayer located at the migrating IAB-MT and BAP sublayer located at migrating node (IAB-MT and IAB-DU) are needed.
b. UE is required to distinguish the packets coming from different CUs (target and source CUs with different keys) via a single access link (or a single MAC entity).
Proposal 4	RAN2 needs to carefully evaluate the necessity of introducing the DAPS-like solution as this solution would inevitably impact UE.
Proposal 5	When intra-CU intra-donor-DU CHO is triggered for a migration IAB node, the BAP path of all descendant IAB nodes of the migration IAB node can be reconfigured by the CU.
Proposal 6	New CHO triggering conditions for IAB node migration, such as RLF detection, Type 2/Type4 RLF indication, are not needed.
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