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Introduction
RAN3 discussed reduction of service interruption during intra-donor IAB node migration and provided two solutions in LS [1]. This contribution will analyze the two solutions and provide our preference.
Discussion
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]In RAN3 LS, in both solutions, the transfer of RRCReconfiguration for TNL migration of a descendent IAB node occurs over the source path. The goal of these solutions is to initiate execution of RRCReconfiguration by the descendent nodes as soon as the target path has become available.
The two solutions are quoted as below.
	Solution 1: 
The RRCReconfiguration message for TNL migration of a descendent node IAB-MT is withheld by this descendant node’s parent IAB-DU, and it is delivered only when a condition is satisfied. The indication of buffering and conditional delivery may be provided by the IAB-donor-CU to the parent IAB-DU via an F1AP message including the RRCReconfiguration message.  The condition is set so that a sequential delivery and execution of RRCReconfigurations is created downstream.
While exact details of Solution 1 are still FFS, an example procedure is provided in Figure 1. 



Figure 1. Example procedure for Solution 1 (R3-211740)
Solution 2: 
The RRCReconfiguration message for TNL migration of the descendant-node IAB-MT is buffered by the descendent-node’s IAB-MT itself, and it is executed only when an indication is received from the parent IAB-DU. The indication of buffering and conditional execution may be included in the RRCReconfiguration. The condition for initiation and propagation of this indication is set so that it causes a sequential execution of RRCReconfigurations downstream.
While exact details of Solution 2 are still FFS, an example procedure is provided in Figure 2. 



Figure 2. Example procedure for Solution 2 (R3-211740)


Analysis of solution 1
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]In solution 1, the parent IAB node will buffer RRCReconfiguration for TNL migration of a descendent IAB node and deliver it when a condition is satisfied.
This solution will impact both RAN3 and RAN2.
- Impacts of solution 1 on RAN3
RRC messages are contained in F1AP messages as RRC-Container. They have two characteristics:
1) The IE RRC-Container is transferred without interpretation in the gNB-DU;
2) The IE RRC-Container includes DL-DCCH-Message/UL-DCCH-Message IE as defined in subclause 6.2 of TS 38.331 encapsulated in a PDCP PDU.
In solution 1, RRC-Container is no longer transparent to IAB-DU. IAB-DU of parent node should identify specific RRC messages (the RRC messages for TNL migration of descendent IAB nodes) and buffer them. Moreover, IAB-donor CU should set the condition of delivering the suspended RRCReconfiguration to child IAB node in F1AP message.
- Impacts of solution 1 on RAN2
RRC messages in RRC-Container are encapsulated in PDCP PDUs. Referring to below protocol stack for IAB-MT’s control plane, each RRC message has it corresponding PDCP SN which is allocated in IAB-donor.


Figure 3 Protocol stack for the support of IAB-MT's RRC and NAS connections
PDCP layer in IAB-MT should maintain reordering window for SRB1 based on t-Reordering and state variables including RX_REORD, RX_DELIV, RX_NEXT. For the child IAB node, unless CU guarantees the RRCReconfiguration buffered in the parent IAB node is the last RRC message (in SRB1) to the child IAB node, PDCP SN gap will exist. If PDCP window is moved and the PDCP SN of the suspended RRCReconfiguration is out of PDCP window, the suspended RRCReconfiguration will never be received by the child IAB-MT. However, we don’t think the suspended RRCReconfiguration must be the last RRC message to child IAN-node. As in Figure 1 of RAN3 LS, CU can send RRC messages to IAB node 2 and IAB node 3 always when the link through IAB node 1 is available (before IAB node 1 migration).
Observation 1: Solution 1 will impact both RAN3 and RAN2:
· RAN3: 1) IAB-DU should interpret RRC messages in IE RRC-Container and buffer RRCReconfiguration for TNL migration of descendent IAB nodes; 2) CU should set the condition of delivering the suspended RRCReconfiguration to child IAB node in F1AP message.
· RAN2: if CU sends next RRC messages to the child IAB node, PDCP SN gap for SRB1 could be present due to the suspended RRCReconfiguration. If the PDCP SN corresponding to the suspended RRC message is out of PDCP window, the suspended RRC message will never be received by the child IAB node.
Analysis of solution 2
In solution 2, RRCReconfiguration for TNL migration of a descendent IAB node is delivered to the descendant IAB node directly and should be set as “deactivated”. The RRCReconfiguration is applied when an indication is received from the parent IAB-DU.
Solution 2 will impact RAN2 only. The impacts include: 1) a “deactivation” indication should be added in the RRCReconfiguration for TNL migration; 2) a RRC message activation indication should be transmitted from parent IAB node. The RRC message activation indication could be a BAP control PDU or an indication bit in the first BAP data PDU from the migration IAB node to its descendant IAB node.
Observation 2: Solution 2 will impact RAN2 only:
· In RRC specification, a deactivation indication should be added in RRCReconfiguration for TNL migration;
· In BAP specification, the preconfigured RRCReconfiguration could be activated by BAP PDU from the parent IAB node.
Both solution 1 and solution 2 can reduce latency of reconfiguration for the descendant IAB-node and then reduce service interruption. Considering above analysis, solution 2 is preferred.
[bookmark: _Ref78878227]Proposal 1: Solution 2 is preferred: The RRCReconfiguration message for TNL migration of the descendant-node IAB-MT is buffered by the descendent-node’s IAB-MT itself, and it is executed only when an indication is received from the parent IAB-DU.
[bookmark: _Ref78878233]Proposal 2: A BAP PDU can be used to activate the preconfigured RRC message. Either a new BAP control PDU or an indication in the first BAP data PDU after migration of parent IAB node can be considered.
[bookmark: _Ref78878237]Proposal 3: Send an LS to RAN3 reflecting RAN2 agreement.
[bookmark: OLE_LINK11][bookmark: OLE_LINK10][bookmark: OLE_LINK88][bookmark: OLE_LINK89]Conclusion
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK47][bookmark: OLE_LINK48]According to the analysis in section 2, we reached below observations and proposals:
Observation 1: Solution 1 will impact both RAN3 and RAN2:
· RAN3: 1) IAB-DU should interpret RRC messages in IE RRC-Container and buffer RRCReconfiguration for TNL migration of descendent IAB nodes; 2) CU should set the condition of delivering the suspended RRCReconfiguration to child IAB node in F1AP message.
· RAN2: if CU sends next RRC messages to the child IAB node, PDCP SN gap for SRB1 could be present due to the suspended RRCReconfiguration. If the PDCP SN corresponding to the suspended RRC message is out of PDCP window, the suspended RRC message will never be received by the child IAB node.
Observation 2: Solution 2 will impact RAN2 only:
· In RRC specification, a deactivation indication should be added in RRCReconfiguration for TNL migration;
· In BAP specification, the preconfigured RRCReconfiguration could be activated by BAP PDU from the parent IAB node.
[bookmark: _GoBack]Proposal 1: Solution 2 is preferred: The RRCReconfiguration message for TNL migration of the descendant-node IAB-MT is buffered by the descendent-node’s IAB-MT itself, and it is executed only when an indication is received from the parent IAB-DU.
Proposal 2: A BAP PDU can be used to activate the preconfigured RRC message. Either a new BAP control PDU or an indication in the first BAP data PDU after migration of parent IAB node can be considered.
Proposal 3: Send an LS to RAN3 reflecting RAN2 agreement.
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Annex
RRC messages in F1AP [2]
9.3.1.6	RRC-Container
This information element contains a gNB-CUUE or a UE  gNB-CU message that is transferred without interpretation in the gNB-DU.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	RRC-Container
	M
	
	OCTET STRING
	



9.2.3.2	DL RRC MESSAGE TRANSFER
This message is sent by the gNB-CU to transfer the layer 3 message to the gNB-DU over the F1 interface.
Direction: gNB-CU gNB-DU
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	ignore

	gNB-CU UE F1AP ID
	M
	
	9.3.1.4
	
	YES
	reject

	gNB-DU UE F1AP ID
	M
	
	9.3.1.5
	
	YES
	reject

	old gNB-DU UE F1AP ID
	O
	
	9.3.1.5
	
	YES
	reject

	SRB ID
	M
	
	9.3.1.7
	
	YES
	reject

	Execute Duplication 
	O
	
	ENUMERATED (true, ...)
	
	YES
	ignore

	RRC-Container
	M
	
	9.3.1.6
	Includes the DL-DCCH-Message IE as defined in subclause 6.2 of TS 38.331 [8] encapsulated in a PDCP PDU, or the DL-CCCH-Message IE as defined in subclause 6.2 of TS 38.331 [8].
	YES
	reject

	RAT-Frequency Priority Information
	O
	
	9.3.1.34
	
	YES
	reject

	RRC Delivery Status Request
	O
	
	ENUMERATED (true, …)
	Indicates whether RRC DELIVERY REPORT procedure is requested for the RRC message.
	YES
	ignore

	UE Context not retrievable
	O
	
	ENUMERATED (true, ...)
	
	YES
	reject

	Redirected RRC message
	O
	
	RRC Container
9.3.1.6
	Includes the UL-CCCH-Message IE as defined in subclause 6.2 of TS 38.331 [8].
	YES
	reject

	PLMN Assistance Info for Network Sharing
	O
	
	PLMN Identity
9.3.1.14
	
	YES
	ignore

	New gNB-CU UE F1AP ID
	O
	
	gNB-CU UE F1AP ID
9.3.1.4
	
	YES
	reject

	Additional RRM Policy Index
	O
	
	9.3.1.90
	
	YES
	ignore



9.2.3.3	UL RRC MESSAGE TRANSFER
This message is sent by the gNB-DU to transfer the layer 3 message to the gNB-CU over the F1 interface.
Direction: gNB-DU gNB-CU
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	ignore

	gNB-CU UE F1AP ID
	M
	
	9.3.1.4
	
	YES
	reject

	gNB-DU UE F1AP ID
	M
	
	9.3.1.5
	
	YES
	reject

	SRB ID
	M
	
	9.3.1.7
	
	YES
	reject

	RRC-Container
	M
	
	9.3.1.6
	Includes the UL-DCCH-Message IE as defined in subclause 6.2 of TS 38.331 [8], encapsulated in a PDCP PDU.
	YES
	reject

	Selected PLMN ID
	O
	
	PLMN Identity
9.3.1.14
	
	YES
	reject

	New gNB-DU UE F1AP ID
	O
	
	gNB-DU UE F1AP ID
9.3.1.5
	
	YES
	reject



Expiry of t-Reordering in PDCP specification [4]
[bookmark: _Toc12616338][bookmark: _Toc37126950][bookmark: _Toc46492063][bookmark: _Toc46492171][bookmark: _Toc67904032]5.2.2.2	Actions when a t-Reordering expires
When t-Reordering expires, the receiving PDCP entity shall:
-	deliver to upper layers in ascending order of the associated COUNT value after performing header decompression, if not decompressed before:
-	all stored PDCP SDU(s) with associated COUNT value(s) < RX_REORD;
-	all stored PDCP SDU(s) with consecutively associated COUNT value(s) starting from RX_REORD;
-	update RX_DELIV to the COUNT value of the first PDCP SDU which has not been delivered to upper layers, with COUNT value >= RX_REORD;
-	if RX_DELIV < RX_NEXT:
-	update RX_REORD to RX_NEXT;
-	start t-Reordering.
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