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1. Introduction
For the objective related to CHO including target MCG and target SCG, the objective was updated during RAN#97 plenary and will only include data forwarding optimizations in NR-DC:
· To specify data forwarding optimizations for CHO including target MCG and target SCG in NR-DC [RAN3].
And for the objective related to including target MCG and candidate SCGs, there was an agreement made during last RAN3#117e meeting:
Regarding CHO with multiple SCGs at the target, RAN3 will wait for the progress in RAN2 before starting signalling design. At the next meeting, RAN3 will open discussion on the data forwarding aspects.
Therefore, for these two CHO related objectives, in this paper we will discuss data forwarding aspects, and give the TPs of TS 37.340.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2. Discussion
2.1 CHO including target SCG
In this section, we would like to discuss the early data forwarding in CHO including target MCG and target SCG.
In CHO including target MCG and target SCG, there could be multiple candidate MNs prepared, each Candidate MN corresponding may request one candidate SN, and there is a possibility that the same candidate SN is requested by different candidate MNs to allocate resources for the same UE. Therefore, it was agreed at RAN3 #115 to enable the candidate MN to indicate the candidate SN of source MN’s ID and UE XnAP ID allocated in the source MN in the SN Addition Request, with that the candidate SN will be able to identify that the requests from different candidate MNs are related to the same UE. 
In R17, direct early data forwarding from S-SN to T-SN in CPAC is supported for MN initiated inter-SN CPC, and will be supported in SN initiated inter-SN CPC in the coming meetings soon. For CHO with target SCG, currently indirect data forwarding and direct data forwarding are naturally supported by current handover preparation procedure, SN addition procedure and Xn-U address indication procedure. However, redundant data forwarding occurs when C-SN may receive the same data multiple times via different paths regardless it is direct data forwarding or indirect data forwarding and for the SN-terminated bearers. 
When multiple C-MNs request one same candidate SN for the same UE, we would like to analyse the occurrence of redundant data forwarding issue case by case. In the following case A, B, C and D, we analyse the early data forwarding path optimization based on different bearer types at the source and at the target:
Case A: SN terminated bearer @source->SN terminated bearer @target
The S-SN receives data forwarding address of C-SN and/or C-MN/S-MN via Xn-U address indication from S-MN, each time S-MN receives Handover Request Acknowledge message related to one candidate PCell.  The issue is that, S-SN receives data forwarding address of C-SN or C-MN as many times as the number of candidate PCells, which cannot be guaranteed to be the same even it is the same C-MN or the same C-SN.  Specifically, for indirect data forwarding, S-SN forwards the same data to different C-MNs and different C-MNs forward the same data to one same C-SN. Meanwhile in case of direct data forwarding, redundant data forwarding happens this way that the S-SN forwards the same data to one same candidate SN because S-SN receives different data forwarding address of one same SN.
==>Potential optimization: when the C-MNs selects the same C-SN, it is better for the S-SN to only forward data (SDAP/PDCP SDU) to the C-SN only once.
Case B: MN terminated bearer @source->SN terminated bearer @target
The S-MN receives data forwarding address of C-SN and/or C-MN from C-MN, each time S-MN receives Handover Request Acknowledge message related to one candidate PCell. Similar to the analyses for Case A, for the data forwarding from S-MN to the C-SN, there will be redundant data forwarding issue as well.
==>Potential optimization: when the C-MNs selects the same C-SN, it is better for the S-MN to only forward data (SDAP/PDCP SDU) to the C-SN only once. 
Case C: SN terminated bearer @source->MN terminated bearer @target
The S-SN receives data forwarding address of C-MN via Xn-U address indication from S-MN, each time S-MN receives Handover Request Acknowledge message related to one candidate PCell. The issue is that, S-SN receives data forwarding address of C-MN as many times as the number of candidate PCells, which cannot be guaranteed to be the same even it is the same C-MN the candidate PCells belong to.  
==>Potential optimization: when multiple candidate PCells are prepared in a C-MN, it is better for the S-SN to only forward data (SDAP/PDCP SDU) to this C-MN once.
Case D: MN terminated bearer @source->MN terminated bearer @target
The S-MN receives data forwarding address of C-MN from C-MN, each time S-MN receives Handover Request Acknowledge message related to one candidate PCell. The issue is that, S-SN receives data forwarding address of C-MN as many times as the number of candidate PCells, which cannot be guaranteed to be the same even it is the same C-MN the candidate PCells belong to.  
==>Potential optimization:  when multiple candidate PCells are prepared in a C-MN, it is better for the S-MN to only forward data (SDAP/PDCP SDU) to this C-MN once.
Base on the above analyses, the above potential optimizations can be summarised as the following proposal:
Proposal 1: In case the same target node is prepared for the same UE, perform direct early data forwarding of SDAP/PDCP SDU between the nodes hosting the PDCP entity before and after CHO, source only transmits SDAP/PDCP SDU once, the nodes forward the data forwarding address do not change the assigned address from the target. 
To achieve proposal 1, there could be multiple solutions:
· Solution 1: same data forwarding address in multiple preparations
For case A and B, C-SN provides the same data forwarding address to different C-MNs in the SN addition request acknowledge message, when C-SN identifies the addition requests from different C-MNs are from the same UE in the aforementioned way, and in the meanwhile, the C-SN also indicates to the C-MN of preference of direct data forwarding, then the C-MN forwards the data forwarding address assigned by the C-SN to the Source without any change.
At S-MN/S-SN side, in case A, the S-MN also needs to get the indication of preference of direct data forwarding then it will forward the received data forwarding TNL address to the S-SN without any change, if possible.
At S-MN/S-SN side, upon receiving the same data forwarding addresses in different messages, the S-MN/S-SN forward data to the indicated address once.
· Solution 2: only provide data forwarding address once in multiple preparations
As the data forwarding address is provided by the target, there is another possibility that the C-SN/C-MN only provide data forwarding address during the first requested preparation, and in the latter ones, once the C-SN/C-MN identifies that the preparation is related to the same UE, it does not provide data forwarding address.
Proposal 2: further discuss whether the target provides the same data forwarding address in multiple preparations, or the target only provides data forwarding address once in multiple preparations.
2.2 CHO including multiple candidate SCGs for CPA/CPC
Since the detailed call flow for CHO+CPA/CPC procedure is postponed in RAN3 until some consensuses are reached in RAN2. Therefore, we give a rough illustration of the procedure, which can be divided into 2 phases as single CHO/CPAC procedure is:
1. CHO+CPA/CPC preparation
2. Evaluation and execution of CHO and CPA/CPC execution conditions
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Figure 1  CHO+CPA/CPC procedure
We focus on early data forwarding in CHO+CPA/CPC preparation phase. During preparation phase, as illustrated in Fig.1, each Candidate MN may request multiple candidate SNs using CPA/CPC procedures.
For problem analysis, it can also be divided into Case A, B, C and D as aforementioned in chapter 2.1. The Above proposal 1 and proposal 2 for CHO including target SCG also apply to this objective. 
Proposal 3: proposal 1 and proposal 2 also apply to the CHO including multiple candidate SCGs. 
On the other hand, for CHO including multiple candidate SCGs for CPA/CPC, considering that there could be multiple C-SNs prepared by a C-MN, there is space for one-step further optimization of data forwarding than CHO including target SCG. That is to say, for the SN terminated bearers at the target, the data forwarding could be optimized as: source forward data to the C-MN once, and C-MN distribute the data to its prepared C-SNs.
Proposal 4: in case multiple C-SNs are prepared by a C-MN, the source forwards data to the C-MN once, and then the C-MN distributes the data to its prepared C-SNs.
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]3. Proposals
Based on the discussion in this paper, we propose the following:
Proposal 1: In case the same target node is prepared for the same UE, perform direct early data forwarding of SDAP/PDCP SDU between the nodes hosting the PDCP entity before and after CHO, source only transmits SDAP/PDCP SDU once, the nodes forward the data forwarding address do not change the assigned address from the target. 
Proposal 2: further discuss whether the target provides the same data forwarding address in multiple preparations, or the target only provides data forwarding address once in multiple preparations.
Proposal 3: proposal 1 and proposal 2 also apply to the CHO including multiple candidate SCGs. 
Proposal 4: in case multiple C-SNs are prepared by a C-MN, the source forwards data to the C-MN once, and then the C-MN distributes the data to its prepared C-SNs.
[bookmark: _Toc423020280]Based on these proposals, the TP to TS 37.340 are provided in section 4. 
4.TP for TS 37.340
---------------Start of the Change---------------
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Upon EN-DC specific activities, user data forwarding may be performed for E-RABs for which the bearer type change from/to MN terminated bearer to/from SN terminated bearer is performed. The behaviour of the node from which data is forwarded is the same as specified for the "source eNB" for handover, the behaviour of the node to which data is forwarded is the same as specified for the "target eNB" for handover.
For MR-DC with 5GC, user data forwarding may be performed between NG-RAN nodes whenever the logical node hosting the PDCP entity changes. The behaviour of the node from which data is forwarded is the same as specified for the "source NG-RAN node" for handover, the behaviour of the node to which data is forwarded is the same as specified for the "target NG-RAN node" for handover.
For SN change involving full configuration, the source SN behaviour is the same as the description as specified in intra-system data forwarding in TS 36.300 [2] for the source eNB or TS 38.300 [3] for the source NG-RAN node, respectively. In case that a DRB DL forwarding tunnel was established, the target SN may identify the PDCP SDUs for which delivery was attempted by the source SN, by the presence of the PDCP SN in the forwarded GTP-U packet and may discard them.
For mobility scenarios which involve more than two RAN nodes, either direct or indirect data forwarding may be applied. Two transport layer addresses of different versions may be provided to enable that the source RAN node can select either IPv4 or IPv6.
Direct data forwarding from source SN to target NG-RAN node and from source NG-RAN node to target SN for mobility scenario is supported. Direct data forwarding from source SN to target SN for SN change scenario is also supported.
Direct data forwarding for inter-system handover is specified in TS 38.300 [3]. If a gNB and an en-gNB are involved in direct data forwarding and realised within the same network entity, inter-system handover to and from EN-DC allows direct data forwarding being performed in a node-internal way, in which case the source RAN node provides a UE context reference to the target side as described in clause 10.16. If the gNB and en-gNB are not realised within the same network entity, direct data forwarding for inter-system handover to and from en-gNB/gNB could be supported if there is direct connectivity between the two nodes.
For MR-DC with 5GC, offloading of QoS flows within one PDU session may be performed between NG-RAN nodes. The handling of End Marker packets in case of NG-RAN initiated PDU session split is described in clause 10.14.3 and 10.14.4.
For CHO with target SCG, or CHO with multiple candidate SCGs, in case the same C-SN is prepared for the same UE in multiple preparations, for SN terminated bearers at the C-SN, direct early forwarding from source to the C-SN may be performed to avoid duplicate early data forwarding.
For CHO with multiple candidate SCGs, in case multiple C-SNs are prepared by the target C-MN, for SN terminated bearers at the C-SN, direct early forwarding from source to the C-MN may be performed to avoid duplicate early data forwarding, and then the C-MN distributes the forwarding data to the prepared C-SNs.
---------------End of the Change---------------
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