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1. Introduction

In recent RAN3 meetings, we discussed how to support inter-system direct data forwarding during the gNB-CU-CP/UP, and the following consensus is achieved:
Direct data forwarding from 5GS to EPS should be supported in case flow to DRB mapping is different with respect to flow to E-RAB mapping

However, there still remain three open issues:

Open Issue 1: The solution on how to support direct data forwarding from 5GS to EPS in case flow to DRB mapping is different with flow to E-RAB mapping needs to be further discussed.

Open issue 2: Whether/how CU-UP should be aware whether the data forwarding is for intra-system handover or inter-system handover needs further discussion.

Open issue 3: For inter-system HO from EPS to 5GS, whether direct data forwarding should be supported if one DRB contains QoS flows mapped to different E-RABs in the target gNB needs further discussion.

In this contribution we would like to provide our understanding on these open issues, and provide our proposals on how to enhance the E1AP as well.
2. Discussion
Firstly we would like to focus on 5GS-to-EPS handover.

Open issue 2: Whether/how CU-UP should be aware whether the data forwarding is for intra-system handover or inter-system handover needs further discussion.

In last RAN3 meeting, one company pointed out that the packets forwarded in the per-DRB tunnel contain SDAP headers, while the packets forwarded in the per-E-RAB tunnel do not contain any QFIs [1]. 

Such difference between the packet formats for these two cases is already specified in TS 38.300, and theoretically can already apply for non-CU-CP/UP split scenarios. Any change on it would naturally be non-backward compatible.
For example, an aggregated gNB is already designed to forward full PDCP SDUs when serving as a source gNB during an intra-5GS handover, and to forward PDCP SDUs without QFIs when serving as a source gNB during a 5GS-to-EPS handover. It should distinguish these two types of data forwarding.
Considering the principle that any split within one gNB should not affect its behaviour as seen from the outside, we have no choice other than making the gNB-CU-UP capable to perform the same distinguishing.
Observation 1: According to the current version of TS 38.300, the source gNB-CU-UP should distinguish whether the data forwarding is for intra-5GS handover or 5GS-to-EPS handover, so as to comply with the principle that any intra-gNB architecture should not affect its behaviour as seen from the outside.
Open Issue 1: The solution on how to support direct data forwarding from 5GS to EPS in case flow to DRB mapping is different with flow to E-RAB mapping needs to be further discussed.

Based on this observation, we need to find a solution so that the source gNB-CU-UP can achieve two goals during a 5GS-to-EPS direct data forwarding:
a) performs a “remapping”, which was acknowledged during the last meeting; and
b) distinguishes this scenario from any intra-5GS data forwarding.
The most straightforward solution, from our perspective, is to align with the NGAP and XnAP: the source gNB-CU-CP should be able to inform the source gNB-CU-UP about the mapping between the E-RABs and the QoS flows, and to provide the source gNB-CU-UP with the per-E-RAB data forwarding address. When provided with the latter, the source gNB-CU-UP will then automatically get aware that this is a 5GS-to-EPS direct data forwarding.
For informing the mapping between the E-RABs and the QoS flows, we can simply copy the approach on the NGAP and the XnAP.
On both the NGAP and the XnAP we indicate such mapping by adding one optional IE E-RAB ID for each QoS flow item used to request the addition or modification of this QoS flow. We should follow the same rule on E1AP.
And in E1AP, there is only one structure used for such type of request: §9.3.1.25 “QoS Flow QoS Parameters List” (note that such structure is reused in both DRB To Setup Item and DRB To Modify Item). Thus what we need to do is simply to add one optional IE E-RAB ID into the QoS Flow Item within §9.3.1.25 (note that in ASN.1 it is named as “QoS-Flow-QoS-Parameter-Item”).
Proposal 1: One new optional IE, namely the E-RAB ID, is proposed to be added into the QoS Flow Item within §9.3.1.25 of TS 38.463, used to inform the gNB-CU-UP of the E-RAB-to-QoS-flow mapping for inter-system direct data forwarding.

For requesting or providing the data forwarding TNL address, the source gNB-CU-CP should forward the per-E-RAB TNL addresses toward the source gNB-CU-UP by sending the BEARER CONTEXT MODIFICATION REQUEST (in which suspension of user data transmission is also indicated).
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Figure 1: Direct data forwarding for NG-RAN-to-E-UTRAN handover with a CU-CP/UP split source gNB.
On NGAP, the Data Forwarding Response E-RAB List is encoded within the PDU session items. It would be reasonable to follow a same approach on E1AP, i.e. to add one Data Forwarding Response E-RAB List into the PDU Session Resource To Modify Item the BEARER CONTEXT MODIFICATION REQUEST message.
If the two abovementioned enhancements are adopted, 5GS-to-EPS direct data forwarding can be supported for the gNB-CU-CP/UP split architecture.
But yet another case remains: EPS-to-5GS direct data forwarding.
Open issue 3: For inter-system HO from EPS to 5GS, whether direct data forwarding should be supported if one DRB contains QoS flows mapped to different E-RABs in the target gNB needs further discussion.
For EPC to 5GC handover, it was doubted whether direct data forwarding could be performed or not if flow to DRB mapping did not follow the flow to E-RAB mapping in target gNB.
During the last meeting, one example was provided in which direct data forwarding could still be performed even the two mappings are different as below:
The flow to E-RAB mapping decision in 5GC: flow A + flow B => E-RAB 1 and flow C => E-RAB 2;
The flow to DRB mapping decision in target gNB: flow A + flow B + flow C => DRB 1.
For this case, when the target NG-RAN receives a forwarded packet delivered in either of the two per-E-RAB tunnels, it does not need to distinguish which QoS flow it belongs to. Instead it could pack it into the DRB 1 directly.
Observation 2: Direct data forwarding could be supported for the following scenario: all of the QoS flows mapped to more than one E-RAB in the source side are mapped to one DRB in the target side.
If the target gNB is a CP/UP separated one, it should be the gNB-CU-UP to provide the per-E-RAB data forwarding tunnel address. In order for alignment with the case of 5GS-to-EPS direct data forwarding, we propose to use a similar solution, i.e. the target gNB-CU-CP should be able to inform the target gNB-CU-UP about the mapping between the E-RABs and the QoS flow (the target AMF shall anyhow send it toward the target NG-RAN because otherwise the target NG-RAN cannot fill the Data Forwarding Response E-RAB List at all), and to request the target gNB-CU-UP to provide the per-E-RAB data forwarding address.
And in addition, this solution will also help the target gNB-CU-UP to handle the forwarded user data, i.e. the target gNB-CU-UP will expect PDCP SDUs without QFIs when it is requested to provide data forwarding addresses which  are per-E-RAB.

Proposal 2: For the EPC-to-5GC handover, the target gNB-CU-UP should be provided with the QoS-flow-to-DRB mapping as well.
For the non-shared scenario (i.e. the target gNB-CU does not serve as the source SgNB-CU as well), the target gNB-CU-CP should request the target gNB-CU-UP to assign the TNL addresses for these E-RABs by including one Data Forwarding Request E-RAB List in the BEARER CONTEXT SETUP REQUEST message it sends, and the gNB-CU-UP replies with the allocated TNL addresses by including one Data Forwarding Response E-RAB List in the BEARER CONTEXT SETUP RESPONSE message.
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Figure 2: Direct data forwarding for E-UTRAN-to-NG-RAN handover with a CU-CP/UP split target gNB.
While for the case of shared SgNB/gNB, there is a small open issue.
Let’s assume that a UE is now in EN-DC mode and is to be handed over to NR SA mode with the target gNB physically identical to the source SgNB. And unfortunately, this SgNB/gNB entity is a gNB-CU-CP/UP split one (note that the source MeNB “should not” know this). The source MeNB feels that it could have a direct X2-U connection with this SgNB/gNB entity of course and the feature of direct data forwarding could be used here. Hence it includes such proposal within the source-to-target transparent container and the target gNB-CU-CP receives it.
Now here is the question: what message should the target gNB-CU-CP send toward the target gNB-CU-UP? A setup request, or a modification request?
We think a modification request message seems more proper.
From the perspective of specification principle, there should usually be only one UE context per interface. Unlike the interfaces outside a logical RAN node such as X2/Xn which are per-system, the interfaces within a logical RAN node, i.e. F1/E1 are common among all systems. In conventional intra-system procedures such as inter-MN handover without SN change and the SN is a split gNB, the modification procedure is used on F1AP/E1AP. Here for inter-system procedures the modification procedure should also be used for alignment.
From the perspective of implementation, using the modification procedure will naturally help the gNB-CU-UP to reuse the existing UE context, e.g. no longer needed to assign any TNL addresses for data forwarding if the DL data flow requested to be terminated at this gNB-CU-UP itself after the handover is already there before the handover.
Proposal 3: For the case of a split gNB used both as the source SgNB and as the target gNB, or vice versa, the context modification procedures should be used on the F1 and E1 interfaces.

There might be some E-RABs terminated at the source MeNB to be subject of direct data forwarding. For these type of E-RABs, the target gNB-CU-CP has to request the gNB-CU-UP for the TNL addresses as the non-shared case, but by including one Data Forwarding Request E-RAB List in the BEARER CONTEXT MODIFICATION REQUEST message instead. The gNB-CU-UP then replies with TNL addresses by including one Data Forwarding Response E-RAB List in the BEARER CONTEXT MODIFICATION RESPONSE message instead.
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Figure 3: Direct data forwarding for E-UTRAN-to-NG-RAN handover with a CU-CP/UP split shared SgNB/gNB.
Proposal 4: One new IE, namely the Data Forwarding Request E-RAB List, should be added into the following two E1AP structures respectively: the PDU Session Resource To Setup Item and the PDU Session Resource To Setup Modification Item.

Proposal 5: One new IE, namely the Data Forwarding Response E-RAB List, should be added into the following three E1AP structures respectively: the PDU Session Resource Setup Item, the PDU Session Resource To Modify Item, and the PDU Session Resource Setup Modification Item.

3. Conclusion

Observation 1: According to the current version of TS 38.300, the source gNB-CU-UP should distinguish whether the data forwarding is for intra-5GS handover or 5GS-to-EPS handover, so as to comply with the principle that any intra-gNB structure should not affects its behaviour seen outsides.
Proposal 1: One new optional IE, namely the E-RAB ID, is proposed to be added into the QoS Flow Item within §9.3.1.25 of TS 38.463, used to inform the gNB-CU-UP of the E-RAB-to-QoS-flow mapping for inter-system direct data forwarding.

Observation 2: Direct data forwarding could be supported for the following scenario: all of the QoS flows mapped to more than one E-RAB in the source side are mapped to one DRB in the target side.
Proposal 2: For the EPC-to-5GC handover, the target gNB-CU-UP should be provided with the QoS-flow-to-DRB mapping as well.
Proposal 3: For the case of a split gNB used both as the source SgNB and as the target gNB, or vice versa, the context modification procedures should be used on the F1 and E1 interfaces.

Proposal 4: One new IE, namely the Data Forwarding Request E-RAB List, should be added into the following two E1AP structures respectively: the PDU Session Resource To Setup Item and the PDU Session Resource To Setup Modification Item.

Proposal 5: One new IE, namely the Data Forwarding Response E-RAB List, should be added into the following three E1AP structures respectively: the PDU Session Resource Setup Item, the PDU Session Resource To Modify Item, and the PDU Session Resource Setup Modification Item.

Based on the proposals above, we prepared three CRs for TS 38.463 [2], TS 38.460 [3], and TS 38.401 [4].
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