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1. Introduction

In the last meeting, RAN2 has agreed to support in-order delivery during QoS flow re-mapping. In this paper, we will discuss the implementation aspects of in-sequence delivery during QoS flow - DRB re-mapping in case of intra NG-RAN Node and handover between NG-RAN Nodes connected to 5GC.

The revision is considering the followings:

· According to the SA2 agreement [1], the "end marker" for Xn/N2 based inter NG-RAN Node HO is per each QoS flow.

· RAN3 agreements captured in stage2 spec [2]:
When “Lossless handover” is required the source NG-RAN node may include DRBs information for which PDCP SN status need 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. One tunnel per PDU session may be setup for the forwarding of the new incoming packets of the PDU session.

2. Discussion

2.1. Intra NG-RAN Node QoS flow-DRB remapping

The following fig. 1 illustrates the implementation for the intra NG-RAN Node QoS flow-DRB remapping.
Fig. 1

As in fig. 1, the Packet 1~3 are the PDCP SDUs (i.e. SDAP PDUs), the Packet 4~5 are the SDAP SDUs. Packet 1 belongs to QoS flow 1, Packet 2&5 belong to QoS flow 2, Packet 3~4 belong to QoS flow 3. Originally, the QoS flow 1&2 are mapped to DRB1, QoS flow 3 is mapped to DRB2. After that the QoS flow2 is remapped to DRB2. 

In order to ensure in sequence delivery of the Packets within a QoS flow, the PDCP SDUs buffered in the PDCPs (i.e. Packet 1~3) are continue to be sent at the original DRB, the SDAP SDUs of un-remapped QoS flow (i.e. Packet 4) are to be sent at the original DRB as normal. However, for the SDAP SDUs of remapped QoS flow (i.e. Packet 5), should be buffered at the PDCP of target DRB (i.e. PDCP2) and wait until the transmission of the PDCP SDUs of the corresponding QoS flow (i.e. QoS flow2) at the original DRB has been finished. How to get the transmission status of the packets at the original DRB, could be relied on implementation, e.g. based on HARQ ACK/NAK, RLC STATUS report or polling of RLC STATUS report, etc.

Observation 1: In order to ensure in sequence delivery in case of intra NG-RAN Node QoS flow-DRB remapping, the buffered PDCP SDUs and the un-remapped SDAP SDUs are sent at the original DRB, however, the remapped SDAP SDUs should be buffered at the PDCP of target DRB and wait until the transmission of the PDCP SDUs of the corresponding remapped QoS flow at the original DRB has been finished.

Proposal 1: In case of intra NG-RAN Node QoS flow-DRB remapping, the sender ensures in sequence delivery (implementation related), no end marker is needed.
2.2. QoS flow-DRB remapping during handover
Considering the QoS flow-DRB remapping and in sequence delivery during HO, e.g. the QoS flow 2 is remapped to the DRB3 (a new DRB) in the target, as illustrated in fig. 2. 


Fig. 2

In case of QoS flow-DRB remapping during HO, the establishment of data forwarding tunnels is based on the DRBs in the source. The forwarding data during HO is the PDCP SDU (with or without SDAP header). In sequence delivery of the forwarding data in the Xn interface during HO is ensured by the sender (the source gNB). While considering the packet loss and multiple paths in the Xn interface, a GTP-U extension header carrying the Xn SN may be needed to avoid the packet loss and ensure in sequence delivery.

Proposal 2: In case of QoS flow-DRB remapping during HO, in sequence delivery in Xn interface is ensured by the source NG-RAN Node implementation.

Proposal 3: The forwarding data during HO is the PDCP SDU (with or without SDAP header).

Proposal 4a: In case of QoS flow-DRB remapping during HO, the establishment of data forwarding tunnels is based on the DRBs in the source.

According to RAN3 agreements, an additional tunnel per PDU session may be established for the forwarding of the SDAP SDUs in the source (i.e. the Packet 4~5 in Fig. 2), however, such an additional tunnel has no benefit but addition of a tunnel over the Xn interface. During discussion in the last RAN3 meeting, it was recognized for the fresh incoming packets (after PDCP SN freeze), it is source gNB implementation choice whether to forward them as PDCP SDUs without SN (per DRB tunneling) or as SDAP SDUs (per PDU session tunneling).

Proposal 4b: In case of QoS flow-DRB remapping during HO, the establishment of an additional tunnel per PDU session for the forwarding of the SDAP SDUs in the source is not preferred.

During HO, the target establishes all the DRBs in the source (i.e. DRB1&2) and the possible new DRBs (i.e. DRB3). All the forwarded PDCP SDUs (with or without SN) from the source are sent on the old DRBs (i.e. DRB1&2) in the target. 

For the fresh SDAP SDUs in the target (i.e. Packet X, Y, Z), are to be buffered at the corresponding PDCP until the transmission of the corresponding forwarded PDCP SDUs from the source has been finished. 

However, when the fresh SDAP SDU in the target is remapped to a new DRB (e.g. Packet Y), since the End marker given by 5GC to the source is per QoS flow lever, so such fresh SDAP SDU can be transmitted on the new DRB after the forwarded PDCP SDUs from the source of the corresponding QoS flow having been finished, no need to wait the completion of all the forwarded PDCP SDUs from the source.

Proposal 5: In case of QoS flow-DRB remapping during HO, the target should establish all the DRBs in the source and the new DRBs according to the requirement of remapping.

Proposal 6: In case of QoS flow-DRB remapping during HO, all the forwarded PDCP SDUs from the source are sent on the old DRBs in the target.

Proposal 7: In case of QoS flow-DRB remapping during HO, the fresh SDAP SDUs in the target, are to be buffered at the corresponding PDCP until the transmission of the corresponding forwarded PDCP SDUs from the source has been finished.

Proposal 8: When the fresh SDAP SDU in the target is remapped to a new DRB, since the End marker given by 5GC to the source is per QoS flow lever, so such fresh SDAP SDU can be transmitted on the new DRB after the forwarded PDCP SDUs from the source of the corresponding QoS flow having been finished, no need to wait the completion of all the forwarded PDCP SDUs from the source.

The following fig. 2 shows a case that some DRBs may be released at handover with QoS flow-DRB remapping, e.g. the QoS flow3 is remapped to DRB1 during HO. Then the DRB2 can be released at handover. However, in order to ensure in sequence delivery during HO, the DRB2 is still be established at HO to transmit the forwarded PDCP SDUs of QoS flow3. When to be released is up to the target for implementation.


Fig. 3

Proposal 9: The release of old DRB in target is up to the target implementation.

3. Conclusion
In this paper, we discussed the implementation aspects of in-sequence delivery during QoS flow - DRB re-mapping in case of intra NG-RAN Node and handover between NG-RAN Nodes connected to 5GC, and provided the following observations and proposals:

Observation 1: In order to ensure in sequence delivery in case of intra NG-RAN Node QoS flow-DRB remapping, the buffered PDCP SDUs and the un-remapped SDAP SDUs are sent at the original DRB, however, the remapped SDAP SDUs should be buffered at the PDCP of target DRB and wait until the transmission of the PDCP SDUs of the corresponding remapped QoS flow at the original DRB has been finished.

Proposal 1: In case of intra NG-RAN Node QoS flow-DRB remapping, the sender ensures in sequence delivery (implementation related), no end marker is needed.
Proposal 2: In case of QoS flow-DRB remapping during HO, in sequence delivery in Xn interface is ensured by the source NG-RAN Node implementation.

Proposal 3: The forwarding data during HO is the PDCP SDU (with or without SDAP header).

Proposal 4a: In case of QoS flow-DRB remapping during HO, the establishment of data forwarding tunnels is based on the DRBs in the source.

Proposal 4b: In case of QoS flow-DRB remapping during HO, the establishment of an additional tunnel per PDU session for the forwarding of the SDAP SDUs in the source is not preferred.

Proposal 5: In case of QoS flow-DRB remapping during HO, the target should establish all the DRBs in the source and the new DRBs according to the requirement of remapping.

Proposal 6: In case of QoS flow-DRB remapping during HO, all the forwarded PDCP SDUs from the source are sent on the old DRBs in the target.

Proposal 7: In case of QoS flow-DRB remapping during HO, the fresh SDAP SDUs in the target, are to be buffered at the corresponding PDCP until the transmission of the corresponding forwarded PDCP SDUs from the source has been finished.

Proposal 8: When the fresh SDAP SDU in the target is remapped to a new DRB, since the End marker given by 5GC to the source is per QoS flow lever, so such fresh SDAP SDU can be transmitted on the new DRB after the forwarded PDCP SDUs from the source of the corresponding QoS flow having been finished, no need to wait the completion of all the forwarded PDCP SDUs from the source.

Proposal 9: The release of old DRB in target is up to the target for implementation.
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