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1. Introduction
Data forwarding is a key aspect of handover procedure. There are three candidate data forwarding levels: QoS flow level, DRB level and PDU session level in TR 38.801[1]. This paper analyses the options and proposes to support data forwarding at DRB level.
2.  Analysis 

In handover, data forwarding is required in following scenarios:
· Xn forwarding: gNB ( gNB

· N3/NG forwarding: gNB ( UPF (gNB 

· Xx/X2 forwarding: eNB ( gNB, gNB ( eNB
· S1 forwarding: eNB/gNB(SGW(gNB/eNB.
The payload IP packet is not directly routable in backhaul interface. So, previous 2G/3G/4G uses GTP-U tunnel for data forwarding. Tunnel is needed for 5G data forwarding too.
Observation 1: GTP-U tunnel is needed for data forwarding.
2.1   Xn forwarding and N3/NG forwarding
Whether DRB-flow re-mapping is allowed in handover may impact the data forwarding and reordering. In last meeting, RAN2 agreed:
Agreements

1.
For intra NR mobility, when “Lossless HO”, that is lossless, in sequence without duplication to upper layers, can be accomplished by the target using the same DRB configuration and QoS flow to DRB mapping as the source. 

FFS Whether anything more is needed in Rel-15 to support flow remapping at handover. Will be concluded after flow remapping not at handover is concluded.

2.
HO with full configuration shall be supported

Proposal 1: No DRB-flow re-mapping during the “lossless handover” is the baseline for data forwarding design, based on RAN2 agreement.
Per 3GPP TS29.281, the G-PDU forwarded over X2 interface during handover includes two parts: GTP-U header and T-PDU. T-PDU is the IP datagram in LTE. If we can reuse the X2 data forwarding conception, there are two possible G-PDU formats: IP as T-PDU and SDAP PDU as T-PDU. The two formats are associated with two UP architecture options: buffer in SDAP and buffer in PDCP.

Option 1: Buffer in PDCP

In this option, as soon as incoming data is received, it is delivered to PDCP as SDAP PDU which includes IP PDU and QoS flow identifier information e.g. QFI. The SDAP PDU is buffered in PDCP until it is successfully delivered by lower layers.
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Figure 1: Buffer in PDCP
Figure 2 shows the G-PDU format in this option. In handover, source gNB forwards all the PDCP SDUs in the buffer to target gNB regardless of whether PDCP SN is assigned. For PDCP SDU without SN assigned, source gNB may assign PDCP SN before forwarding to target gNB. The PDCP SN (if assigned) is included in the extension header of GTP-U header.
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Figure 2: SDAP PDU as T-PDU
PDCP entity is per DRB. So, the data forwarding on PDCP layer should be per DRB.
Observation 2: DL data buffered in PDCP is forwarded in DRB level. 
Option 2: Buffer in SDAP
Figure 3 shows the architecture of buffer in SDAP. In this option, incoming IP PDUs are buffered in SDAP. SDAP PDU is delivered to PDCP when transmission opportunity is indicated by low layer. 
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Figure 3: Buffer in SDAP
Figure 4 shows the G-PDU format in this option.
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Figure 4: IP as T-PDU
SDAP is PDU session level protocol. So, in this option, the GTP-U tunnel for data forwarding is in PDU Session level.

Observation 3: DL data buffered in SDAP could be forwarded in PDU session level.  

For the SDAP PDUs delivered to PDCP but successful delivery have not been confirmed by low layer, gNB establishes DRB level tunnels to forward these unconfirmed PDUs [3].

Observation 4: In SDAP buffering option, DRB level tunnel may be needed to forward successful delivery not confirmed PDUs, in addition to the PDU session level tunnel.

It is too complicated to keep two levels of data forwarding. 
Proposal 2: Adopt DRB level data forwarding as baseline for Xn data forwarding in handover.
In admission control, it is possible that some flow is not supported by target. After handover, eNB could release the flow and update the DRB-flow. SDAP is a very simple protocol. It is possible for PDCP to understand QFI in SDAP PDU. If QFI in SDAP PDU is visible to PDCP up to implementation, it is possible to support DRB-flow re-mapping during handover, as long as QFI information is included in the forwarded G-PDU. 
Proposal 3: Include QFI in forwarded DL GTP-U PDU, if re-mapping is configured by target gNB and supported by source gNB. 
In UL transmission, QFI information is needed in NG-C tunnel to NGC. So, the forwarded UL GTP-U PDU on Xn shall include QFI information. 

Proposal 4: Include QFI information in forwarded UL GTP-U PDU over Xn interface. 
2.2   Xx/X2 forwarding and S1 forwarding

For Xx/X2 and S1 data forwarding, the DRB level forwarding could be still used for backward compatibility.
Proposal 5: Xx and S1 data forwarding should inherit DRB level data forwarding of LTE.

3. Summary and conclusion
Observation 1: GTP-U tunnel is needed for data forwarding.

Proposal 1: No DRB-flow re-mapping during the “lossless handover” is the baseline for data forwarding design, based on RAN2 agreement.
Observation 2: DL data buffered in PDCP is forwarded in DRB level. 
Observation 3: DL data buffered in SDAP could be forwarded in PDU session level.  

Observation 4: In SDAP buffering option, DRB level tunnel may be needed to forward successful delivery not confirmed PDUs, in addition to the PDU session level tunnel.

Proposal 2: Adopt DRB level data forwarding as baseline for Xn data forwarding in handover.

Proposal 3: Include QFI in forwarded DL GTP-U PDU, if re-mapping is configured by target gNB and supported by source gNB. 
Proposal 4: Include QFI information in forwarded UL GTP-U PDU over Xn interface. 
Proposal 5: Xx and S1 data forwarding should inherit DRB level data forwarding of LTE.
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