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1. Introduction

In the meeting RAN3#104 through RAN3#106, we agreed on the general method to support direct data forwarding between NG-RAN and E-UTRAN [1], as well as the CR for NGAP [2]. However the obstacle over E1AP seemed unrecognised. In this contribution we would like to point out this issue and provide our proposals accordingly, in order to support this feature in gNB-CU-CP/UP split scenarios.
2. Discussion
According to the current version of TS 38.300, there is some work related to the UP part of an NG-RAN node during inter-system direct data forwarding (for detail, see in the highlighted words in the Annex):
· The NG-RAN node should know the mapping between the E-RABs and the QoS flows, so that it can map a QoS flow packet into the correct E-RAB tunnel, or vice versa.
· The NG-RAN node should assign or receive the TNL address for the per-E-RAB direct data forwarding.
For the case of gNB-CU-CP/UP split architecture, it is the gNB-CU-UP’s work to perform user data mapping and forwarding, as well as assigning the TNL addresses. However, currently there is neither any signalling on E1AP used to inform the gNB-CU-UP about the mapping between the E-RABs and the QoS flows, nor anything used to deliver per-E-RAB TNL addresses.
As the result, any type of inter-system direct data forwarding remains unsupported if a gNB-CU-CP/UP split architecture is used in the NG-RAN side.
Observation 1: Any type of inter-system direct data forwarding remains unsupported if a gNB-CU-CP/UP split architecture is used in the NG-RAN side.

We think such status may not be what we initially intended. Hence we propose to enhance the E1AP in order to support this feature. In the following we make an analysis of how to enhance.
For informing the mapping between the E-RABs and the QoS flows, the case is quite easy.
On both the NGAP and the 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 had better follow the same rule on E1AP.
And in E1AP, there is only one structure used for such 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 case is a little bit complex.
If NG-RAN is the target side, the gNB-CU-CP should request the gNB-CU-UP (if exists) to assign the TNL addresses for these E-RABs by sending the BEARER CONTEXT SETUP REQUEST message, and the gNB-CU-UP replies with the allocated TNL addresses by sending the BEARER CONTEXT SETUP RESPONSE message.
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Figure 1: Direct data forwarding for E-UTRAN-to-NG-RAN handover with a CU-CP/UP split target gNB.
While if NG-RAN is the source side, the gNB-CU-CP should forward the per-E-RAB TNL addresses toward the 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 2: Direct data forwarding for NG-RAN-to-E-UTRAN handover with a CU-CP/UP split source gNB.
For both scenarios, there is nothing needed to enhance on the E-UTRAN side, since everything there is already encoded as E-RABs.
In TS 38.413, the Data Forwarding Response E-RAB List is encoded within the PDU session items. It would be reasonable to follow a same manner in TS 38.463. So we would have to add one Data Forwarding Request E-RAB List into the PDU Session Resource To Setup Item within the BEARER CONTEXT SETUP REQUEST message, and one Data Forwarding Response E-RAB List both into the PDU Session Resource Setup Item within the BEARER CONTEXT SETUP RESPONSE message and into the PDU Session Resource To Modify Item the BEARER CONTEXT MODIFICATION REQUEST message respectively.
But there is an issue for the case of shared SgNB/gNB, which is a scenario repeatedly discussed in recent RAN3 meetings.
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 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 2: 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.

However, there might also 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 usual, but by using the BEARER CONTEXT MODIFICATION REQUEST message. The gNB-CU-UP then replies with TNL addresses within the BEARER CONTEXT MODIFICATION RESPONSE message.
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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 3: 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 4: 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: Any type of inter-system direct data forwarding remains unsupported if a gNB-CU-CP/UP split architecture is used in the NG-RAN side.

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.

Proposal 2: 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 3: 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 4: 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.

CRs for 38.463,38.460,38.401are provided accordingly in  [3][4][5].
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5. Annex: Text Description of TS 38.300 w.r.t. Data Forwarding during Inter-System Handovers
9.3.2
From 5GC to EPC

////////////////////////////////////////////////////////////////////skip unrelated////////////////////////////////////////////////////////////////////

9.3.2.4
Data Forwarding for the Control Plane

Control plane handling for inter-System data forwarding from 5GS to EPS follows the following key principles:

-
Only forwarding of downlink data is supported.

-
PDU session information at the serving NG-RAN node contains mapping information per QoS Flow to a corresponding E-RAB.
-
At handover preparation, the source NG-RAN node shall decide which mapped E-RABs are proposed to be subject to data forwarding and provide this information in the source-to-target container to the target eNB. Based on availability of direct data forwarding path the source NG-RAN node may request to apply direct data forwarding by indicating direct data forwarding path availability to the 5GC.
-
The target eNB assigns forwarding TEID/TNL address(es) for the E-RAB(s) for which it accepts data forwarding.
-
In case of indirect data forwarding, a single data forwarding tunnel is established between the source NG-RAN node and UPF per PDU session for which at least data for a single QoS Flow is subject to data forwarding.

-
In case of direct data forwarding, the source NG-RAN node receives a TEID/TNL address for each E-RAB accepted for data forwarding as assigned by the target eNB.
9.3.2.5
Data Forwarding for the User Plane
In case of indirect data forwarding, user plane handling for inter-System data forwarding from 5GS to EPS follows the following key principles:

-
For the QoS flows accepted for data forwarding, the NG-RAN node initiates data forwarding to the UPF by the corresponding PDU session data forwarding tunnel(s).
-
The UPF maps forwarded data received from the per PDU session data forwarding tunnel(s) to the mapped EPS bearer(s) removing the QFI.

-
Handling of end marker packets:

-
The source NG-RAN node receives one or several end marker packets per PDU session from the UPF. When there are no more data packets to be forwarded for QoS flows mapped to an E-RAB, the source NG-RAN node sends one or several end markers including one QFI (by means of the PDU Session User Plane protocol TS 38.415 [30]) of those QoS flows mapped to that E-RAB and sends the end marker packets to the UPF over the PDU session tunnel. From the included QFI in the end markers and its mapping to an EPS bearer ID, the UPF knows which EPS bearer tunnel it needs to forward the end-markers to the SGW. The QFI is removed in the end marker packets sent to the SGW.
In case of direct data forwarding, user plane handling for inter-System data forwarding from 5GS to EPS follows the following key principles:

-
For the QoS flows accepted for data forwarding, the source NG-RAN node maps data received from the NG-U PDU session tunnel to the respective E-RAB data forwarding tunnel and forwards each user packet as PDCP SDU without PDCP SN and QFI information.

-
The source NG-RAN node receives one or several GTP-U end marker packets per PDU session from the UPF and replicates the end marker packets into each E-RAB data forwarding tunnel when no more user data packets are to be forwarded over that tunnel.
9.3.3
From EPC to 5GC

9.3.3.1
Data Forwarding for the Control Plane

Control plane handling for inter-System data forwarding from EPS to 5GS follows the following key principles:

-
Only forwarding of downlink data is supported.

-
The target NG-RAN node receives in the Handover Request message the mapping between E-RAB ID(s) and QoS Flow ID(s). It decides whether to accept the data forwarding for E-RAB IDs proposed for forwarding within the Source NG-RAN Node to Target NG-RAN Node Transparent Container. Based on availability of direct data forwarding path the source eNB may request to apply direct data forwarding by indicating direct data forwarding availability to the CN.
- 
In case of indirect data forwarding:

-
The target NG-RAN node assigns a TEID/TNL address for each PDU session for which at least one QoS flow is involved in the accepted data forwarding.
-
The target NG-RAN node sends the Handover Request Acknowledge message in which it indicates the list of PDU sessions and QoS flows for which it has accepted the data forwarding.

-
A single data forwarding tunnel is established between the UPF and the target NG-RAN node per PDU session for which at least data for a single QoS Flow is subject to data forwarding.
-
The source eNB receives in the Handover Command message the list of E-RAB IDs for which the target NG-RAN node has accepted data forwarding of corresponding PDU sessions and QoS flows.

- 
In case of direct data forwarding:
-
The source eNB indicates direct path availability to the CN. The source eNB’s decision is indicated by the CN to the target NG-RAN node.

-
The target NG-RAN node assigns a TEID/TNL address for each E-RAB it accepted for data forwarding.
-
The source eNB receives in the Handover Command message the list of E-RAB IDs for which the target NG-RAN node has accepted data forwarding.
9.3.3.2
Data Forwarding for the User Plane
In case of indirect data forwarding, user plane handling for inter-System data forwarding from EPS to 5GS follows the following key principles:

-
For each E-RAB accepted for data forwarding, the source eNB forwards data to the SGW in the corresponding E-RAB tunnel and the SGW forwards the received data to the UPF in the E-RAB tunnel.

-
The UPF maps the forwarded data received from an E-RAB tunnel to the corresponding mapped PDU session tunnel, adding a QFI value (by means of the PDU Session User Plane protocol TS 38.415 [30]).

-
The target NG-RAN node maps a forwarded packet to the corresponding DRB based on the received QFI value. It prioritizes the forwarded packets over the fresh packets for those QoS flows.
-
Handling of end marker packets:

-
The UPF/PGW-U sends one or several end marker packets to the SGW per EPS bearer. The SGW forwards the received end markers per EPS bearer to the source eNB. When there are no more data packets to be forwarded for an E-RAB, the source eNB forwards the received end markers in the EPS bearer tunnel to the SGW and the SGW forwards them to the UPF. The UPF adds one QFI (by means of the PDU Session User Plane protocol TS 38.415 [30]) among the QoS flows mapped to that E-RAB to the end markers and sends those end markers to the target NG-RAN node in the per PDU session tunnel. When the target NG-RAN node receives an end marker with a QFI added, the target NG-RAN node starts to transmit the data packets of all QoS flows mapped to the corresponding E-RAB received from the core network towards the UE.

In case of direct data forwarding, user plane handling for inter-System data forwarding from EPS to 5GS follows the following key principles:

-
For each E-RAB accepted for data forwarding, the source eNB forwards data to the target NG-RAN node in the corresponding E-RAB data forwarding tunnel.
-
Until a GTP-U end marker packet is received, the target NG-RAN node prioritizes the forwarded packets over the fresh packets for those QoS flows which are involved in the accepted data forwarding.
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