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1 Introduction
In the last RAN3# 97bis meeting, the data forwarding was discussed and some work assumptions were made [1]. In the last RAN3 #AH-1801 meeting, some stage 2 text for data forwarding is captured in 38.300 [2]. In this contribution, some further analysis on data forwarding is provided.
2 Data forwarding over NG

In the indirect forwarding of NG handover, the data forwarding tunnel will be established between the source gNB and UPF, and between the UPF and the target gNB. As agreed that the tunnels per DRB level and tunnels per PDU session level are needed in direct forwarding of NG handover. The same data forwarding principles can be reused for the indirect data forwarding considering the simplicity. Because NGC does not know Qos flow-to-DRB mapping information and there are no DRB information in the GTP-U extension header, the DRB id in source gNB is needed and will be indicated to NGC to identify the indirect data forwarding tunnel per DRB level.
Proposal 1 Same data forwarding approach is used for Xn handover and NG handover.
Proposal 2 DRB id in source gNB will be used to identify the indirect forwarding tunnel in NGC.

3 Downlink Data Forwarding
In the RAN3# 97bis meeting, the work assumption for data forwarding was agreed as :

	WA (for Xn HO):

A) PDCP PDUs (with SN assigned but not acked by UE)

-> per-DRB-level tunneling

B) “fresh data” from NG-U

-> per-PDU-session forwarding

C) PDCP SDUs without SN

-> FFS


As agreed by RAN2, the QFI of data packet could be removed by SDAP layer, and thus the QFI of PDCP SDUs may be available. As a result, the DL buffered PDCP SDUs without SN has to be forwarded in DRB level tunneling. 
For the per-DRB-level tunneling data forwarding, the principle of data forwarding should be same with LTE as “ Upon handover, the source eNB may forward in order to the target eNB all downlink PDCP SDUs with their SN that have not been acknowledged by the UE. In addition, the source eNB may also forward without a PDCP SN fresh data arriving over S1 to the target eNB.”. And the “The PDCP SN of forwarded SDUs is carried in the "PDCP PDU number" field of the GTP-U extension header. The target eNB shall use the PDCP SN if it is available in the forwarded GTP-U packet.”.
Proposal 3 It is confirmed that the PDCP SDUs without SN is forwarded in the in the per-DRB-level GTP-U tunnel.
Proposal 4 For PDCP SDU with their SN, the PDCP SN of this PDCP SDU is carried in the PDCP “PDU number field” of the GTP-U extension header.
The fresh data (DL SDAP SDUs) from UPF will be forwarded per PDU session level. When the target gNB receives the forwarded data, the SDAP entities in target gNB will route these DL SDAP SDUs to PDCP layers according to the QoS flow to DRB mapping policy. Therefore, the QFI should be contained in the encapsulated header for the QoS flow to DRB mapping in the target gNB. 

For the reflective QoS, for each packet subject to (NAS) Reflective QoS, a (NAS) Reflective QoS Indication shall be provided first on NG-U by the UPF to the RAN and then on the radio interface by the RAN to the UE, unaltered vs. that on NG-U. Obviously, the RQI should also be forwarded to target gNB together with QFI contained in the encapsulated header of data forwarding tunnel. 

Proposal 5 The QFI and RQI (if any) of the forwarded DL SDAP SDUs is included in the encapsulated header in the per-PDU-Session-level GTP-U tunnel. 

During data forwarding, the target side needs to know the last DL data packet from source side. In LTE, ‘end marker’ is used. In 5G, in order to assist the reordering function in the Target RAN, the PDU session anchor sends one or more "end marker" packets for each QoS Flow that require reordering on the old path immediately after switching the path, the source UPF shall forward the "end marker" packets to the source RAN [3].
For DL PDCP SDUs, the source gNB will generate the end marker based on the interaction between the SDAP layer and PDCP layer, e.g. the SDAP may indicate the end of packets routing to PDCP. Furthermore, because the SDAP will not send packets to PDCP anymore, the PDCP entity can continue to assign PDCP SN for all the buffered PDCP SDUs, and the maximum PDCP COUNT can be regarded as the last PDCP SDU in the forwarding data. 

For DL SDAP SDUs, the source gNB will forward the received "end marker" packets from UPF to target gNB to assist the reordering function for the SDAP SDUs. The SDAP entity in target gNB will start to transmit the SDAP SDUs received from UPF only after the transmission of the forwarded SDAP SDUs.

Proposal 6 For DL PDCP SDU, the maximum PDCP COUNT is used to mark the last PDCP SDU in the forwarding data.
Proposal 7 The end marker received from UPF is used to mark the last SDAP SDU in the forwarding data.

4 Uplink Data Forwarding
The principle of uplink data forwarding in E-UTRAN is specified as:
	Upon handover, the source eNB forwards to the Serving Gateway the uplink PDCP SDUs successfully received in-sequence until the sending of the Status Transfer message to the target eNB. Then at that point of time the source eNB stops delivering uplink PDCP SDUs to the S-GW and shall discard any remaining uplink RLC PDUs. Correspondingly, the source eNB does not forward the uplink RLC context to the target eNB.

Then the source eNB shall either:

-
discard the uplink PDCP SDUs received out of sequence if the source eNB has not accepted the request from the target eNB for uplink forwarding or if the target eNB has not requested uplink forwarding for the bearer during the Handover Preparation procedure,

-
forward to the target eNB the uplink PDCP SDUs received out of sequence if the source eNB has accepted the request from the target eNB for uplink forwarding for the bearer during the Handover Preparation procedure.


We believe that the same principle should be used for NR.
Proposal 8 Upon handover, the source NG-RAN node may forward to the UPF the uplink PDCP SDUs successfully received in-sequence until the sending of the Status Transfer message to the target NG-RAN node.
Proposal 9 The source NG-RAN node may either discard the the uplink PDCP SDUs received out of sequence or forward to the target eNB the uplink PDCP SDUs received out of sequence in per-DRB-lever GTP-U tunnel.

5 Conclusion and Proposals
Based on the discussion, regarding NG handover data forwarding, we propose:
Proposal 10 Same data forwarding approach is used for Xn handover and NG handover.
Proposal 11 DRB id in source gNB will be used to identify the indirect forwarding tunnel in NGC.
Regarding downlink data forwarding, we propose:

Proposal 12 It is confirmed that the PDCP SDUs without SN is forwarded in the in the per-DRB-level GTP-U tunnel.
Proposal 13 For PDCP SDU with their SN, the PDCP SN of this PDCP SDU is carried in the PDCP “PDU number field” of the GTP-U extension header.

Proposal 14 The QFI and RQI (if any) of the forwarded DL SDAP SDUs is included in the encapsulated header in the per-PDU-Session-level GTP-U tunnel. 

Proposal 15 For DL PDCP SDU, the maximum PDCP COUNT is used to mark the last PDCP SDU in the forwarding data.

Proposal 16 The end marker received from UPF is used to mark the last SDAP SDU in the forwarding data
Regarding uplink data forwarding, we propose

Proposal 17 Upon handover, the source NG-RAN node may forward to the UPF the uplink PDCP SDUs successfully received in-sequence until the sending of the Status Transfer message to the target NG-RAN node.
Proposal 18 The source NG-RAN node may either discard the the uplink PDCP SDUs received out of sequence or forward to the target eNB the uplink PDCP SDUs received out of sequence in per-DRB-lever GTP-U tunnel.
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9.2.3.2.3
Data Forwarding
The following description depicts the data forwarding principles for intra-system handover. For NG handover, if the direct forwarding path is not available, the indirect forwarding tunnels will be established if supported. The DRB ID in source NG-RAN node is used to identify the indirect tunnel per DRB level in target NG-RAN node and NGC. 

When “lossless handover” is required the source NG-RAN node may include information on DRBs for which PDCP SN status needs to be preserved.
The target NG-RAN node may send back to the source NG-RAN node one tunnel address per DRB for which it accepts the forwarding. 
-
The source NG-RAN node may forward in order to the target NG-RAN node all downlink PDCP SDUs with their SN that have not been acknowledged by the UE. In addition, the source NG-RAN node may also forward PDCP SDUs without a PDCP SN to the target NG-RAN node. 
-
Upon handover, the source NG-RAN node forwards to the UPF the uplink SDAP SDUs successfully received in-sequence until the sending of the Status Transfer message to the target NG-RAN node.
- 
The maximum PDCP COUNT is used to mark the last downlink PDCP SDU in the forwarding data.

-
Then the source NG-RAN node shall either:

-
discard the uplink PDCP SDUs received out of sequence if the source NG-RAN node has not accepted the request from the target NG-RAN node for uplink forwarding or if the target NG-RAN node has not requested uplink forwarding for the bearer during the Handover Preparation procedure,

-
forward to the target NG-RAN node the uplink PDCP SDUs received out of sequence if the source NG-RAN has accepted the request from the target NG-RAN node for uplink forwarding for the bearer during the Handover Preparation procedure.

-
The PDCP SN of forwarded SDUs is carried in the "PDCP PDU number" field of the GTP-U extension header. The target NG-RAN node shall use the PDCP SN if it is available in the forwarded GTP-U packet.
One tunnel per PDU session may be setup for the forwarding of the new incoming packets of the PDU session.
-
The QFI and RQI (if any) of forwarded new incoming packets is carried in the encapsulated header.
- 
The end marker received from UPF is used to mark the last downlink SDAP SDU in the forwarding data.
In case of no lossless data forwarding, the target NG-RAN node may send back to the source NG-RAN node one tunnel address for the PDU session to enable the source NG-RAN node to forward all the new incoming packets of the PDU session.
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