3GPP TSG RAN WG3 Meeting #97bis
R3-173799
Prague, Czech Republic, October 9 – 13, 2017
Agenda item:

10.5.5
Source:
Intel Corporation
Title:
Data Forwarding in intra-system HO
Document for:

Discussion and Decision
1

Introduction
From the newly introduced QoS framework in 5G, RAN3 decided during the study item in TR 38.801 [1] to discuss in details during normative phase whether data forwarding should be per PDU level, DRB level, or QoS flow level:

During handover, data forwarding may be performed at PDU level, RB level or QoS flow level. The possibilities of data forwarding solution will be discussed in normative phase. s
During discussions in normative phase, RAN3 reached the following agreement:

The LTE lossless intra-RAT handover procedures over the S1/X2 interfaces should be used as a basis for designing the lossless intra-system handover procedure for NR and LTE-5G-CN over the NG/Xn interfaces.

Also, RAN2 discussed the intra NR mobility and reached the following agreement:

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
With the above agreements in mind, this contribution provides our views on right data forwarding mechanisms to ensure lossless and in sequence delivery during intra-system HO.
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Discussion
Due to the QoS framework in 5G, there are in general five types of packets which needs to be forwarded to the target gNB, in order to guarantee the lossless and in-sequence without duplication.
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	1)   All downlink G-PDUs arriving over NG-U (with end-marker after path switch update)

2)   All downlink SDAP SDUs buffered in SDAP layer 

3)   All downlink PDCP SDUs for which SN has not been assigned yet

4)   All downlink PDCP SDUs with their SN that have not been acknowledged by the UE
5)   The uplink PDCP SDUs received out of sequence


We discuss in more details in the following subsections

2.1     DL G-PDUs arriving over NG-U and DL SDAP SDUs buffered in SDAP layer

From the companies’ view who contributed on data forwarding in intra-system HO in the last RAN3-97 meeting [2-6], we can observe that consensus has already reached on DL G-PDUs arriving over NG-U (type-1) and DL SDAP SDUs buffered in SDAP layer (type-2), to be forwarded as per-PDU session level. This is quite straightforward because the information about QFI and RQI of the QoS flow can be easily provided to the target for those type-1 and type-2 packets. Note that DL SDAP SDU is simply a T-PDU within G-PDU received over the GTP-U protocol, where the corresponding GTP-U header (encapsulation header) would contain information about QFI and RQI to be processed by the SDAP layer. From SDAP SDUs buffered in the SDAP layer, it is not a big deal to regenerate G-PDUs (with QFI and RQI in the GTP-U header) to be forwarded to the target gNB over GTP-U. Therefore, we should put this into agreement for the sake or progress.

Observation 1: Contributing companies already reached a consensus to forward DL G-PDUs arriving over NG-U and DL SDAP SDUs buffered in SDAP layer by PDU-level tunneling.
Proposal 1: DL G-PDUs arriving over NG-U and DL SDAP SDUs buffered in SDAP layer are forwarded in PDU-level tunneling.

2.2     DL PDCP SDUs (with SN but not acked by UE) and UL PDCP SDUs received out of sequence

For the case of type-4 (DL PDCP SDUs with their SN that have not been acknowledged by the UE) and type-5 (UL PDCP SDUs received out of sequence), we believe that those should be forwarded per DRB tunneling. The reason is because that we already agree to use the existing LTE mechanism as a baseline, which means that SN Status Transfer will be sent from source to target gNB to ensure lossless and in-sequence delivery of those type-4 and type-5 packets. However, the message structure of the LTE SN Status Transfer is based upon E-RABs, and thus as long as Radio Bearer concept is maintained even with new QoS framework in NR, there is really no reason to design NR SN Status Transfer from the scratch.

Observation 2: Forwarding of DL PDCP SDUs (with SN but not acked by UE) and UL PDCP SDUs received out of order, by other than DRB-level tunneling, requires new design on SN Status Transfer in NR.

The other reason is related to the flow remapping. Although using the same DRB configuration and QoS flow to DRB mapping as the source is the basic guideline to ensure lossless HO in intra NR mobility, RAN2 did not preclude flow remapping during HO. If the flow remapping happens at the target (e.g. due to the case that the target cannot maintain the same DRB configuration as the source, etc.), then such flow remapping should NOT be applicable to those type-4 and type-5 packets, as they are already associated with SNs in the source side. It will be very complicated to ensure lossless and in-sequence delivery when the target remaps the flows of the forwarded PDCP SDUs (with SNs already assigned at the source) into a different DRB, thus any solutions, if any, will not be adopted in the specifications. Therefore, even with flow remapping at target, those PDCP SDUs with SNs should be better to be temporarily processed with the same DRB configuration as the source. This implies that DRB-level tunneling would be sufficient for those type-4 and type-5 packets.
Proposal 2: DL PDCP SDUs (with SN but not acked by UE) and UL PDCP SDUs received out of order are forwarded in DRB-level tunneling.

2.3     DL PDCP SDUs (with SN not assigned)

The remaining case is type-3 packets (DL PDCP SDUs for which SN has not been assigned yet). For this type, either way of forwarding is indeed possible. One may think that the QoS-level or PDU-level tunneling for this type-3 packet is impossible because they require the knowledge of the associated QFIs of those DL PDCP SDUs (with SN not assigned) but in some cases the SDAP header may not be present for a particular DRB. (According to RAN2#98 agreement, the SDAP header can be configured per DRB, which means that the SDAP header may not be present for a particular DRB). However, note that this no-SDAP-header applies only to the case when there is only one QoS flow mapped to a DRB. If multiple QoS flows are mapped to the same DRB, the SDAP header should be present otherwise the receiving SDAP layer cannot distinguish which QoS flows the received SDAP PDU belongs to. As long as the SDAP layer is there, the QFI of each DL PDCP SDUs (with SN not assigned) can be made available, thus enabling the QoS-level or PDU-level tunneling.

Among the three choices, we believe that it is better to forward type-3 packets by PDU-level tunneling. Basically, those type-3 packets are not tied to SNs in the source side, so can be applicable to flow remapping if the target decides so. Note that DL G-PDUs arriving over NG-U and DL SDAP SDUs buffered in SDAP layer (who are forwarded in PDU-level) are also applicable to flow remapping. Moreover, forwarding those type-3 packets by PDU-level tunneling can give us a clear separation:

· DRB-level tunneling: used for packets, which can be problematic ensuring lossless and in-sequence HO, if flow remapping applied at target (i.e., PDCP SDUs already associated with SN at the source)

· PDU-level tunneling: used for packets which are observed having no immediate issue ensuring lossless and in-sequence HO even with flow remapping applied at target. 

Observation 3: Forwarding of DL PDCP SDUs (with SN not assigned) by PDU-level tunneling can give us a clear separation between DRB-level tunneling (used for packets already associated with PDCP SN at the source) and PDU-level tunneling (used for packets NOT associated with PDCP SN at the source).

Proposal 3: DL PDCP SDUs (with SN not assigned) are forwarded in PDU-level tunneling.
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Conclusion

In this contribution, we provide some analysis by categorizing packets to be forwarded in general as follows:
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	1)   All downlink G-PDUs arriving over NG-U (with end-marker after path switch update)

2)   All downlink SDAP SDUs buffered in SDAP layer 

3)   All downlink PDCP SDUs for which SN has not been assigned yet

4)   All downlink PDCP SDUs with their SN that have not been acknowledged by the UE
5)   The uplink PDCP SDUs received out of sequence


For the packets of type-1 and type-2, our conclusion is as follows:
Observation 1: Contributing companies already reached a consensus to forward DL G-PDUs arriving over NG-U and DL SDAP SDUs buffered in SDAP layer by PDU-level tunneling.
Proposal 1: DL G-PDUs arriving over NG-U and DL SDAP SDUs buffered in SDAP layer are forwarded in PDU-level tunneling.

For the packets of type-4 and type-5, our conclusion is as follows:
Observation 2: Forwarding of DL PDCP SDUs (with SN but not acked by UE) and UL PDCP SDUs received out of order, by other than DRB-level tunneling, requires new design on SN Status Transfer in NR.

Proposal 2: DL PDCP SDUs (with SN but not acked by UE) and UL PDCP SDUs received out of order are forwarded in DRB-level tunneling.

For the packets of type-3, our conclusion is as follows:
Observation 3: Forwarding of DL PDCP SDUs (with SN not assigned) by PDU-level tunneling can give us a clear separation between DRB-level tunneling (used for packets already associated with PDCP SN at the source) and PDU-level tunneling (used for packets NOT associated with PDCP SN at the source).

Proposal 3: DL PDCP SDUs (with SN not assigned) are forwarded in PDU-level tunneling.
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