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Introduction
For avoidance of multiple data forwarding paths, RAN3-121bis has progressed as follows [1]:
Avoid Multiple Data forwarding Path
WA (depending on further gain-effort analysis): The information the source MN needs to know via Handover Request ACK: the direct path availability of S-SN<-> T-SN
The introduced IEs for avoiding multiple data forwarding path, if needed, are applicable to direct data forwarding at the DC to DC handover and CHO with DC.

List of issues to be discussed at next meeting
In case of CP-UP separation in the T-SN, there are two options to decide the same data forwarding tunnels:
    1)  T-SN-CU-CP decide the same tunnel;
    2) T-SN-CU-UP decide the same tunnel;
    If 1), no signaling enhancement is needed.
    If 2), MN ID (maybe source or target) or other indicator in the bearer setup request, bearer context modification request and/or the bearer context release command may be needed.
In this contribution, we discuss on the remaining issues and provide the corresponding TP for XnAP. 
Discussion
  Direct/indirect data forwarding support from S-SN to T-SN 
What had been progressed before RAN3-121bis was simply to enable T-MN to decide whether to do TNL conversions for direct/indirect data forwarding for PDU session/DRBs admitted by T-SN. That is, based on information whether it was originally hosted by S-MN or S-SN (provided via HO REQ), and based on T-SN’s direct path availability information with S-MN and/or S-SN, T-MN can decide whether to forward the received TNLs from T-SN as they are, or do TNL conversion for indirect data forwarding. 


Figure 1. Illustration of what we had been progressed before RAN3-121bis for avoidance of multiple forwarding paths [2]
With that, the last RAN3-121bis has discussed this issue and achieved the following WA:
WA (depending on further gain-effort analysis): The information the source MN needs to know via Handover Request ACK: the direct path availability of S-SN<-> T-SN
However, unfortunately the information currently under WA (direct path availability between S-SN and T-SN) alone is definitely not enough to complete this issue. 
Observation 1: For avoidance of multiple forwarding paths, what is supported so far was simply to enable T-MN to decide whether to do TNL conversion for direct/indirect data forwarding for PDU session/DRBs admitted by T-SN.
Observation 2: However, the current progress is not enough to achieve the intended behaviors, even if the WA achieved during the last RAN3-121bis is agreed.
First, it implicitly assumes that there is always a direct path between S-SN and T-MN. 
When TNL conversion is performed at T-MN for Case B (PDU session/DRB admitted by T-SN was originally hosted in S-SN) and no direct path is available between S-SN and T-SN, the TNLs converted by T-MN will be delivered to S-MN via HO REQ ACK and forwarded to S-SN. However, there could be no direct path available between S-SN and T-MN (like between S-SN and T-SN). In this case, indirect data forwarding from S-SN to T-SN via T-MN simply won’t work from the beginning.
As a result, there should be at least some mechanism for T-MN to indicate direct path availability with S-SN, so that, if not available, S-MN can do TNL conversions for a PDU session/DRB originally hosted by S-SN. 
Observation 3: The first reason is because it implicitly assumes that there is always a direct path between S-SN and T-MN. If no direct path between S-SN and T-MN, indirect data forwarding from S-SN to T-SN via T-MN simply won’t work from the beginning.
However, this is not enough, because S-SN may have a direct path with T-SN while not with T-MN. Since there is a direct path between S-SN and T-SN, T-SN would indicate direct path availability with S-SN in Step 3, for which T-MN would NOT do TNL conversions for PDU session/DRB admitted by T-SN for which was originally hosted in S-SN. Their forwarding TNLs assigned by T-SN would be forwarded to S-MN as they are. But if T-MN indicates no direct path available with S-SN via Step 4, then S-MN has no other options but to do TNL conversions for S-SN, for which doesn’t need to be performed because there is already a direct path between S-SN and T-SN. 
This means that S-MN also needs to know whether T-SN has a direct path with S-SN, as well as whether PDU session/DRB originally hosted in S-SN was admitted by T-MN or T-SN. Then, S-MN can infer that T-MN didn’t perform TNL conversions for PDU session/DRB admitted by T-SN and originally hosted in S-SN, and thus can forward the received TNL in Step 4 (assigned by T-SN) to S-SN as they are. 
Observation 4: Moreover, S-SN may have a direct path with T-SN while not with T-MN, for which S-MN should not do TNL conversion for PDU session/DRB admitted by T-SN for which was originally hosted in S-SN.
Observation 5: This means that S-MN needs to know whether T-SN has a direct path with S-SN, as well as whether PDU session/DRB originally hosted in S-SN was admitted by T-MN or T-SN. Once it knows that direct path was available between S-SN and T-SN and admitted by T-SN, then S-MN can infer that the TNL assigned by T-SN was not converted by T-MN, and forward the received TNL to S-SN as they are.
In summary, S-MN needs to distinguish whether it should do TNL conversion for PDU session/DRB originally hosted in S-SN by the following cases: 
1) If admitted by T-SN and direct path is available between S-SN and T-SN, T-MN would not do TNL conversion and the same should be applied to S-MN. 
2) If admitted by T-SN but direct path is not available between S-SN and T-SN, T-MN already did TNL conversion and thus S-MN should decide whether to do TNL conversion based on direct path availability between S-SN and T-MN. 
3) If admitted by T-MN, then S-MN should decide whether to do TNL conversion based on direct path availability between S-SN and T-MN. 
Since S-MN already knows whether a PDU session/DRB was originally hosted in S-SN or not, the following information is necessary for S-MN to determine the above three cases: (a) Direct path availability between S-SN and T-SN; (b) Direct path availability between S-SN and T-MN; (c) Whether PDU session/DRB for which data forwarding applies was admitted by T-MN or T-SN.


Figure 2. Completion of direct/indirect data forwarding support from S-SN to T-SN [2]
Observation 6: In sum, S-MN needs to distinguish whether it should do TNL conversion for PDU session/DRB originally hosted in S-SN by the following cases: 
1) If admitted by T-SN and direct path is available between S-SN and T-SN, T-MN would not do TNL conversion and the same should be applied to S-MN. 
2) If admitted by T-SN but direct path is not available between S-SN and T-SN, T-MN already did TNL conversion and thus S-MN should decide whether to do TNL conversion based on direct path availability between S-SN and T-MN. 
3) If admitted by T-MN, then S-MN should decide whether to do TNL conversion based on direct path availability between S-SN and T-MN. 
Observation 7: Since S-MN already knows whether a PDU session/DRB was originally hosted in S-SN or not, the following is necessary for S-MN to determine the above three cases: (a) Direct path availability between S-SN and T-SN; (b) Direct path availability between S-SN and T-MN; (c) Whether PDU session/DRB for which data forwarding applies was admitted by T-MN or T-SN.
Without S-MN’s discreet execution of TNL conversions for PDU session/DRB originally hosted in S-SN as described above, what we have agreed so far for the support of direct/indirect data forwarding from S-SN to T-SN won’t correctly work as intended. So, we thus propose the following:  
Proposal 1: For the completion of direct/indirect data forwarding support from S-SN to T-SN, the following information shall be provided to S-MN: 
a) Direct path availability between S-SN and T-SN (current WA)
b) Direct path availability between S-SN and T-MN
c) Whether PDU session/DRB for which data forwarding applies was admitted by T-MN or T-SN

Since we also agreed that the IEs should be applicable to DC to DC handover and CHO with DC of the previous releases:
The introduced IEs for avoiding multiple data forwarding path, if needed, are applicable to direct data forwarding at the DC to DC handover and CHO with DC.
The introduced IEs should better be placed to be generically applicable to those scenarios as well as Rel-18 CHO with candidate SCGs. So, we thus propose the following:  
[bookmark: _Hlk149693024]Proposal 2: For (a) and (b), enhance the HO REQ ACK to convey direct path availability info to S-MN, outside Conditional Handover Information Acknowledge IE, to be applicable for DC to DC handover and CHO with NR-DC. 
Proposal 3: For (a), also add under the newly defined Multiple Target S-NG-RAN Node List IE, so that this info is also applicable for CHO with candidate SCGs. 
Proposal 4: For (c), enhance the Data Forwarding Info from target NG-RAN node IE container to indicate the associated cell group (i.e. MCG or SCG), to convey whether PDU session/DRB for which data forwarding applies was admitted by T-MN or T-SN, to be applicable for DC to DC handover, CHO with NR-DC, and CHO with candidate SCGs as agreed. 

  CP-UP separation in T-SN 
This issue is related to the following, which was raised by [3]:
In case of CP-UP separation in the T-SN, there are two options to decide the same data forwarding tunnels:
    1)  T-SN-CU-CP decide the same tunnel;
    2) T-SN-CU-UP decide the same tunnel;
    If 1), no signaling enhancement is needed.
    If 2), MN ID (maybe source or target) or other indicator in the bearer setup request, bearer context modification request and/or the bearer context release command may be needed.
From our understanding, the question is basically on who (CU-CP or CU-UP) in T-SN should decide on the use of the same or different TEIDs for multiple SN addition requests from different T-MNs for the same UE. 
Overall, our view is that it should be T-SN-CU-CP to decide. From Rel-16, regarding CHO, we have agreed that the same (i.e. “common”) bearer context can be used, or multiple bearer contexts (for the same UE) can be established [4]. In case that the bearer setup requests in the multiple SN additions from different T-MNs are similar, T-SN-CU-CP may decide to maintain the same bearer context (via bearer context setup with subsequent modifications). The same forwarding TNLs could be used in this case. 
On the other hand, if the bearer setup requests in the multiple SN additions from different T-MNs are quite different, then T-SN-CU-CP can decide to establish multiple bearer contexts in its T-SN-CU-UP. Since the forwarding TNLs are assigned differently for different T-MNs, our efforts of avoiding duplicated data forwarding would be no longer applicable. 
Observation 8: From Rel-16, in CHO, we have agreed that the same (i.e. “common”) bearer context can be maintained, or multiple bearer contexts (for the same UE) can be established, see TS 38.401.
Observation 9: In case that the bearer setup requests in the multiple SN additions from different T-MNs are similar, T-SN-CU-CP may decide to maintain the same bearer context (via bearer context setup with subsequent modifications). The same forwarding TNLs could be used in this case. 
Observation 10: On the other hand, if the bearer setup requests in the multiple SN additions from different T-MNs are quite different, then T-SN-CU-CP can decide to establish multiple bearer contexts in its T-SN-CU-UP. Since the forwarding TNLs are assigned differently for different T-MNs, our efforts of avoiding duplicated data forwarding would be no longer applicable.
[bookmark: _Hlk149690060]Or, it could be hybrid of both (up to implementation). For example, two out of three requests from different T-MNs may map to the first bearer context in T-SN-CU-UP, while the other maps to the second bearer context (all for the same UE). As long as T-SN-CU-CP knows how each request from each T-MN maps to which bearer context in T-SN-CU-UP (for the same UE), we don’t foresee any problem. Even if “common” bearer context is used in T-SN-CU-UP for multiple T-MNs and one of T-MNs cancels CHO (and sends SN release request), T-SN-CU-CP who maintains the mapping would know that the common bearer context in T-SN-CU-UP should not be released as it is still used for CHOs with other T-MNs of the same UE. 
Observation 11: Or, it could be hybrid of both (up to implementation), and as long as T-SN-CU-CP knows how each request from each T-MN maps to which bearer context in T-SN-CU-UP (for the same UE), we don’t foresee any problem. Even if “common” bearer context is used for multiple requests from different T-MNs and one of T-MNs cancels CHO (and sends SN release request), T-SN-CU-CP who maintains the mapping would know that the common bearer context in T-SN-CU-UP should not be released as it is still used for CHOs with other T-MNs of the same UE.
Based on the above observations, we propose the following:
Proposal 5: Regarding the question on who (CU-CP or CU-UP) in T-SN should decide on the use of the same or different TEIDs for multiple SN addition requests from different T-MNs for the same UE, it should be left up to T-SN-CU-CP to decide, and thus no signalling enhancement seems needed. 

Conclusion
Based on the discussion in the present contribution and the observations above we propose: 

Direct/indirect data forwarding support from S-SN to T-SN
RAN3-121bis: WA (depending on further gain-effort analysis): The information the source MN needs to know via Handover Request ACK: the direct path availability of S-SN<-> T-SN
The introduced IEs for avoiding multiple data forwarding path, if needed, are applicable to direct data forwarding at the DC to DC handover and CHO with DC.
Observation 1: For avoidance of multiple forwarding paths, what is supported so far was simply to enable T-MN to decide whether to do TNL conversion for direct/indirect data forwarding for PDU session/DRBs admitted by T-SN.
Observation 2: However, the current progress is not enough to achieve the intended behaviors, even if the WA achieved during the last RAN3-121bis is agreed.
Observation 3: The first reason is because it implicitly assumes that there is always a direct path between S-SN and T-MN. If no direct path between S-SN and T-MN, indirect data forwarding from S-SN to T-SN via T-MN simply won’t work from the beginning.
Observation 4: Moreover, S-SN may have a direct path with T-SN while not with T-MN, for which S-MN should not do TNL conversion for PDU session/DRB admitted by T-SN for which was originally hosted in S-SN.
Observation 5: This means that S-MN needs to know whether T-SN has a direct path with S-SN, as well as whether PDU session/DRB originally hosted in S-SN was admitted by T-MN or T-SN. Once it knows that direct path was available between S-SN and T-SN and admitted by T-SN, then S-MN can infer that the TNL assigned by T-SN was not converted by T-MN, and forward the received TNL to S-SN as they are.
Observation 6: In sum, S-MN needs to distinguish whether it should do TNL conversion for PDU session/DRB originally hosted in S-SN by the following cases: 
1) If admitted by T-SN and direct path is available between S-SN and T-SN, T-MN would not do TNL conversion and the same should be applied to S-MN. 
2) If admitted by T-SN but direct path is not available between S-SN and T-SN, T-MN already did TNL conversion and thus S-MN should decide whether to do TNL conversion based on direct path availability between S-SN and T-MN. 
3) If admitted by T-MN, then S-MN should decide whether to do TNL conversion based on direct path availability between S-SN and T-MN. 
Observation 7: Since S-MN already knows whether a PDU session/DRB was originally hosted in S-SN or not, the following is necessary for S-MN to determine the above three cases: (a) Direct path availability between S-SN and T-SN; (b) Direct path availability between S-SN and T-MN; (c) Whether PDU session/DRB for which data forwarding applies was admitted by T-MN or T-SN.
/////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
Proposal 1: For the completion of direct/indirect data forwarding support from S-SN to T-SN, the following information shall be provided to S-MN: 
a) Direct path availability between S-SN and T-SN (current WA)
b) Direct path availability between S-SN and T-MN
c) Whether PDU session/DRB for which data forwarding applies was admitted by T-MN or T-SN
Proposal 2: For (a) and (b), enhance the HO REQ ACK to convey direct path availability info to S-MN, outside Conditional Handover Information Acknowledge IE, to be applicable for DC to DC handover and CHO with NR-DC. 
Proposal 3: For (a), also add under the newly defined Multiple Target S-NG-RAN Node List IE, so that this info is also applicable for CHO with candidate SCGs. 
Proposal 4: For (c), enhance the Data Forwarding Info from target NG-RAN node IE container to indicate the associated cell group (i.e. MCG or SCG), to convey whether PDU session/DRB for which data forwarding applies was admitted by T-MN or T-SN, to be applicable for DC to DC handover, CHO with NR-DC, and CHO with candidate SCGs as agreed. 

CP-UP separation in T-SN
RAN3-121bis: In case of CP-UP separation in the T-SN, there are two options to decide the same data forwarding tunnels:
    1)  T-SN-CU-CP decide the same tunnel;
    2) T-SN-CU-UP decide the same tunnel;
    If 1), no signaling enhancement is needed.
    If 2), MN ID (maybe source or target) or other indicator in the bearer setup request, bearer context modification request and/or the bearer context release command may be needed.
Observation 8: From Rel-16, in CHO, we have agreed that the same (i.e. “common”) bearer context can be maintained, or multiple bearer contexts (for the same UE) can be established, see TS 38.401.
Observation 9: In case that the bearer setup requests in the multiple SN additions from different T-MNs are similar, T-SN-CU-CP may decide to maintain the same bearer context (via bearer context setup with subsequent modifications). The same forwarding TNLs could be used in this case. 
Observation 10: On the other hand, if the bearer setup requests in the multiple SN additions from different T-MNs are quite different, then T-SN-CU-CP can decide to establish multiple bearer contexts in its T-SN-CU-UP. Since the forwarding TNLs are assigned differently for different T-MNs, our efforts of avoiding duplicated data forwarding would be no longer applicable.
Observation 11: Or, it could be hybrid of both (up to implementation), and as long as T-SN-CU-CP knows how each request from each T-MN maps to which bearer context in T-SN-CU-UP (for the same UE), we don’t foresee any problem. Even if “common” bearer context is used for multiple requests from different T-MNs and one of T-MNs cancels CHO (and sends SN release request), T-SN-CU-CP who maintains the mapping would know that the common bearer context in T-SN-CU-UP should not be released as it is still used for CHOs with other T-MNs of the same UE.
/////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////////
Proposal 5: Regarding the question on who (CU-CP or CU-UP) in T-SN should decide on the use of the same or different TEIDs for multiple SN addition requests from different T-MNs for the same UE, it should be left up to T-SN-CU-CP to decide, and thus no signalling enhancement seems needed. 

Based on the observations and proposal above, the TP for TS 38.423 BL CR [5] can be found in Section 5. 
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TP for NR feMob2 for TS 38.423
//////////////////////////////////////////////////////////////irrelevant operations skipped/////////////////////////////////////////////////////////////////////
9.1.1.2	HANDOVER REQUEST ACKNOWLEDGE
This message is sent by the target NG-RAN node to inform the source NG-RAN node about the prepared resources at the target.
Direction: target NG-RAN node  source NG-RAN node.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	reject

	Source NG-RAN node UE XnAP ID
	M
	
	NG-RAN node UE XnAP ID
9.2.3.16
	Allocated at the source NG-RAN node
	YES
	ignore

	Target NG-RAN node UE XnAP ID
	M
	
	NG-RAN node UE XnAP ID
9.2.3.16
	Allocated at the target NG-RAN node
	YES
	ignore

	PDU Session Resources Admitted List
	M
	
	9.2.1.2
	Ignored, if the CHO-only reconfiguration IE is included and set to "no-cho-only-config". (FFS)
	YES
	ignore

	PDU Session Resources Not Admitted List
	O
	
	9.2.1.3
	
	YES
	ignore

	Target NG-RAN node To Source NG-RAN node Transparent Container
	M
	
	OCTET STRING
	Either includes the HandoverCommand message as defined in subclause 10.2.2 of TS 36.331 [14], if the target NG-RAN node is an ng-eNB,
or the HandoverCommand message as defined in subclause 11.2.2 of TS 38.331 [10], if the target NG-RAN node is a gNB. or shall be ignored if the CHO-only reconfiguration IE is included and set to "no-cho-only-config". (FFS)
	YES
	ignore

	UE Context Kept Indicator
	O
	
	9.2.3.68
	
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.2.3.3
	
	YES
	ignore

	DRBs transferred to MN
	O
	
	DRB List
9.2.1.29
	In case of DC, indicates that SN Status is needed for the listed DRBs from the S-NG-RAN node.
	YES
	ignore

	DAPS Response Information 
	O
	
	9.2.1.34
	
	YES
	reject

	Conditional Handover Information Acknowledge
	O
	
	
	
	YES
	reject

	>Requested Target Cell ID
	M
	
	Target Cell Global ID
9.2.3.25
	Target cell indicated in the corresponding HANDOVER REQUEST message
	–
	

	>Maximum Number of CHO Preparations
	O
	
	9.2.3.101
	
	–
	

	>CHO-only reconfiguration (FFS)
	O
	
	ENUMERATED (no-cho-only-config, …)
	
	YES
	reject

	>Multiple Target S-NG-RAN Node List
	
	0..1
	
	
	YES
	reject

	>>Multiple Target S-NG-RAN Node Item
	
	1 .. <maxnoofTargetSNs>
	
	
	–
	

	>>>Target S-NG-RAN node ID
	M
	
	Global NG-RAN Node ID
9.2.2.3
	
	–
	

	>>>PDU Session Resources Admitted List
	M
	
	9.2.1.2
	
	–
	

	>>>Candidate PSCell List
	
	1
	
	
	–
	

	>>>>Candidate PSCell Item
	
	1 .. <maxnoofPSCellCandidate>
	
	
	–
	

	>>>>>PSCell ID
	M
	
	NR CGI 9.2.2.7
	
	–
	

	>>>>>Target NG-RAN node To Source NG-RAN node Transparent Container
	M
	
	OCTET STRING
FFS
	Includes the HandoverCommand message as defined in subclause 11.2.2 of TS 38.331 [10], if the target NG-RAN node is a gNB.
	–
	

	>>>>>Execution Condition Information
	O
	
	FFS
	
	–
	

	>>>Direct path availability between source S-NG-RAN node and target S-NG-RAN node 
	O
	
	ENUMERATED (direct path available, …)
	Indicates direct forwarding path is available between the target S-NG-RAN node and source S-NG-RAN node in CHO with candidate PSCell(s).
	YES
	ignore

	MBS Session Information Response List
	O
	
	9.2.1.38
	
	YES
	ignore

	RRC Config Indication
	O
	
	9.2.3.72
	
	YES
	ignore

	Direct path availability with source S-NG-RAN node
	O
	
	ENUMERATED (direct path available, …)
	Indicates direct forwarding path is available between the target NG-RAN node and source S-NG-RAN node.
	YES
	ignore

	Direct path availability between source S-NG-RAN node and target S-NG-RAN node
	O
	
	ENUMERATED (direct path available, …)
	Indicates direct forwarding path is available between the target NG-RAN node and source S-NG-RAN node.
	YES
	ignore



	Range bound
	Explanation

	maxnoofTargetSNs
	Maximum number of the target S-NG-RAN nodes. Value is FFS.

	maxnoofPSCellCandidate
	Maximum number of the candidate PSCells. Value is FFS.




//////////////////////////////////////////////////////////////irrelevant operations skipped/////////////////////////////////////////////////////////////////////
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This IE contains TNL information for the establishment of data forwarding tunnels towards the target NG-RAN node.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	QoS Flows Accepted For Data Forwarding List
	
	1
	
	
	–
	

	>QoS Flows Accepted For Data Forwarding Item
	
	1..<maxnoofQoSFlows>
	
	
	–
	

	>>QoS Flow Identifier
	M
	
	9.2.3.10
	
	–
	

	PDU Session level DL data forwarding UP TNL Information
	O
	
	UP Transport Layer Information 9.2.3.30
	To forward NG-U DL SDAP SDUs to the target node.
	–
	

	[bookmark: _Hlk146575060]PDU Session level UL data forwarding UP TNL Information
	O
	
	UP Transport Layer Information 9.2.3.30
	To forward NG-U UL SDAP SDU to the target node.
	–
	

	Data Forwarding Response DRB List
	
	0..1
	
	
	–
	

	>Data Forwarding Response DRB Item
	
	1..<maxnoofDRBs>
	
	
	–
	

	>>DRB ID
	M
	
	9.2.3.33
	
	–
	

	>>DL Forwarding UP TNL Information
	O
	
	UP Transport Layer Information 9.2.3.30
	
	–
	

	>>UL Forwarding UP TNL Information
	O
	
	UP Transport Layer Information 9.2.3.30
	
	–
	

	Cell Group ID
	O
	
	INTEGER (0.. 3, …)
	This IE corresponds to information in the CellGroupId IE as defined in TS 38.331 [10] (0=MCG, 1=SCG). In this version of the specification, values “2” and “3” are not used.
	YES
	ignore



	Range bound
	Explanation

	maxnoofDRBs
	Maximum no. of DRBs. Value is 32.

	maxnoofQoSFlows
	Maximum no. of QoS flows allowed within one PDU session. Value is 64.
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