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1
Introduction

During RAN3#105, it was agreed to specify early data forwarding for E-UTRAN enhanced Make-Before-Break.
During RAN2#107 and RAN#85, it was agreed that the Make-Before-Break solution (also known as dual active protocol stack based HO) will also be standardized for NR, to reduce interruption time during HO.
In this contribution we continue the discussion started in RAN3#104bis and we propose some stage-2 and stage-3 principles for (enhanced) Make-Before-Break data forwarding in E-UTRAN and NG-RAN.
2
Discussion

2.1 Forwarding of SN and HFN

In a legacy handover, the source node sends the SN STATUS TRANSFER message to the target node to convey DL PDCP Sequence Number (SN) transmitter status and UL PDCP SN receiver status for each bearer for which PDCP preservation applies. The X2AP or XnAP message is sent when transmitting the RRCConnectionReconfiguration message to the UE, i.e. at the time when the source node stops sending/receiving DL/UL data to/from the UE (the source node freezes the transmitter and receiver status).

When (enhanced) MBB is configured in the network, early data forwarding of DL data to the target node is started while the connection to the UE is still active in the source node, i.e. at the time when the source node continues to transmit DL data to the UE via the source connection.

Observation 1: DL data is forwarded to the target node while the source node is still transmitting data to the UE.

Obviously, since the purpose with early start of data forwarding is to provide the target node with DL data before the UE is ready to receive DL data in the target cell, the PDCP SN and HFN transmitter status cannot be transferred to the target node at the time when the source node stops transmitting DL data to the UE. Instead the PDCP SN and HFN transmitter status need to be sent to the target node at the time when data forwarding is started.

Observation 2: When early start of data forwarding is applied, PDCP SN and HFN transmitter status need to be sent to the target node before DL data transmission is started in the target cell.

A simple way for the source node to apply data forwarding is to forward all DL PDCP SDUs received from the SGW or the UPF in sequence to the target node, i.e. the source node does not apply any form of selective data forwarding. The benefit of this method is that the source node only needs to indicate the PDCP SN of the first forwarded DL PDCP SDU since the SNs of the subsequent SDUs will be implicitly known by the target node.

The PDCP SN of the first SDU could be carried in the "PDCP PDU number" field of the GTP-U extension header (as in a legacy handover), but since also the reference HFN is needed in the target node (for the COUNT preservation), another solution (one not excluding the other) is to make use of the SN STATUS TRANSFER message.

However, since sending the SN STATUS TRANSFER message while data transmission to the UE is still active in the source node is clearly a deviation compared to legacy behaviour at handover, the potential adaption of the SN STATUS TRANSFER message is needed.
During RAN3#105, it was also discussed that HFN is needed at the target cell in order to start transmitting or receiving packets (HFN is used in PDCP for ciphering). If a more flexible usage of SN STATUS TRANSFER is allowed, one solution would be for the source node to send a SN STATUS TRANSFER message each time the HFN changes. By doing so the target node will always have the same HFN than the UE.
Proposal 1: Enhance the SN STATUS TRANSFER message to transfer DL PDCP SN and HFN transmitter status to the target node when (enhanced) MBB is configured.

Forwarding of DL PDCP SDUs to the target node will continue until the “end marker” packet is received from the SGW on the old path as a result of the DL path switch request triggered by the target node. As in legacy, another SN STATUS TRANSFER message may also be sent once the DL transmission is stopped in the source node.
Proposal 2: As in a legacy handover, DL data forwarding proceeds until the “end marker” packet is received from the SGW or the UPF on the old path. Another SN STATUS TRANSFER message may also be sent once the DL transmission is stopped in the source node.
Also, as UL and DL may not be switched to the target node at the same time, it may be beneficial to separate the DL part of the SN STATUS TRANSFER from the UL part.
Proposal 3: Separate the DL part of the SN STATUS TRANSFER from the UL part
2.3 How to release the source link

At normal handover, the source link is implicitly released once Handover Execution is triggered, i.e. at transmission/reception of Handover Command, the source side radio link and respective radio resources can be assumed to be freed and available for other purposes and in addition, there is no explicit signalling to release the source side link (apart from the Handover Execution trigger). For rel-14 MBB, the source side link is currently assumed to be implicitly released once it is no longer used, i.e. in DL, once the network decides to no longer use it and in UL, once the UE decides to no longer use it. Although (enhanced) MBB may look similar to Dual Connectivity schemes, where the master or the secondary cell group may be used simultaneously (split bearer), and removal of one cell group needs explicit signalling,rel-14 MBB seems to not use such.

There were discussions in RAN2 about an explicit RRC message from the target side, but this is probably the wrong approach, as the decision point to cease DL transmission is the source node, not the target node. If the choice to use RRC signalling from the target node is about reliability, such reliability should be based on a reliable indication from the source side, which takes time to arrive at the target. If we assume that the source link is still able allow e.g. the source node to empty its RLC buffers, an in-band PDCP end-marker packet should be possible to be sent as an explicit indication that the source link not used for DL any more. Reception of this end-marker would aid UE implementations, scenarios where it was lost are well recoverable.
Also, if this PDCP end-marker does not arrive at the UE, the link will be soon out-of-sync.

Observation 3: Although the UE is allowed to continue transmitting/receiving on the source cell, there does not exist any means to release the source link explicitly, i.e. as of today for normal HO, the source link would need to be released implicitly, e.g. after expiry of a timer or after getting out-of-sync

Proposal 4: Consider an in-band indication like a DL PDCP end-marker and inform RAN2 of this decision.
2.4 Data forwarding of UL data

With the (enhanced) MBB solution, the UE continues to send UL PDCP PDUs to the source node after receiving the RRCConnectionReconfiguration message (Handover Command), and until it has completed the handover to the target node.

In the source node, there are two alternative solutions how to handle the UL PDCP PDUs:

· The source node continues to send UL PDCP SDUs to the SGW or the UPF on the old S1-U/NG-U path until the “end marker” packet is received from the SGW/UPF (as a result of the DL path switch request triggered by the target node), or;

· the source node starts forwarding UL PDCP SDUs to the target node for further transmission to the SGW/UPF on the new S1-U/NG-U path.

If the UL packets are sent directly to the SGW/UPF on the old S1-U/NG-U path (as before the Handover Command is sent), the packet delivery time to the SGW/UPF will be the same as before the handover was triggered. On the other hand, when the UE has stopped its UL transmission in the source cell, an SN STATUS TRANSFER message need to be sent to the target node to transfer the UL PDCP SN and HFN receiver status. This information must be received in the target node before the UL packets can be processed and sent to the SGW on the new S1-U path.

Furthermore, if the source node has undelivered UL PDCP SDUs (e.g. PDCP SDUs received out of sequence which have not been sent to the SGW/UPF on the old S1-U/NG-U path), the source node needs to forward these SDUs to the target node for in-sequence delivery on the new S1-U/NG-U path. If not forwarded, the UE may be requested to re-send these packets when accessing the target cell.

Observation 4: If the source node after sending Handover Command to the UE, continues to send UL PDCP SDUs to the SGW/AMF on the old S1-U/NG-U path, UL PDCP SN and HFN receiver status need to be transferred to the target node once the UE stops transmitting to the source node.

Observation 5: The target node needs to receive UL PDCP SN and HFN receiver status from the source node before it can process and thus send the UL packets to the SGW/UPF on the new S1-U/NG-U path.

If, according to the second alternative above, each UL PDCP SDU is forwarded to the target node for further transmission to the SGW/UPF on the new S1-U/NG-U path, the UL PDCP SN and HFN receiver status can be included in the same SN STATUS TRANSFER message carrying the DL PDCP SN and HFN transmitter status when early data forwarding is applied (see previous section).

Observation 6: If the source node after sending Handover Command to the UE, starts forwarding UL PDCP SDUs to the target node for further transmission to the SGW/UPF on the new S1-U/NG-U path, UL and DL SN and HFN status can be included in the same SN STATUS TRANSFER message if early data forwarding (of DL data) is applied.

However, one obvious drawback with this solution is that it adds X2/Xn latency to each single packet forwarded to the target node.

Observation 7: On the other hand, early data forwarding of UL PDCP SDUs adds X2/Xn latency to each single packet forwarded to the target node.

From a latency perspective, sending the UL PDCP SDUs directly to the SGW/AMF on the old S1-U/NG-U path (as before the Handover Command is sent) seems more attractive.

As there are obviously pros and cons with both alternatives, we think that data forwarding of UL data needs further study.

Proposal 5: Data forwarding of UL data needs further study
3
Conclusion

In this contribution the (enhanced) Make-Before-Break data forwarding solution has been described, and the following observations and proposals have been discussed:

Observation 1: DL data is forwarded to the target node while the source node is still transmitting data to the UE.
Observation 2: When early start of data forwarding is applied, PDCP SN and HFN transmitter status need to be sent to the target node before DL data transmission is started in the target cell.
Proposal 1: Enhance the SN STATUS TRANSFER message to transfer DL PDCP SN and HFN transmitter status to the target node when (enhanced) MBB is configured.
Proposal 2: As in a legacy handover, DL data forwarding proceeds until the “end marker” packet is received from the SGW or the UPF on the old path. Another SN STATUS TRANSFER message may also be sent once the DL transmission is stopped in the source node.
Proposal 3: Separate the DL part of the SN STATUS TRANSFER from the UL part

Observation 3: Although the UE is allowed to continue transmitting/receiving on the source cell, there does not exist any means to release the source link explicitly, i.e. as of today for normal HO, the source link would need to be released implicitly, e.g. after expiry of a timer or after getting out-of-sync

Proposal 4: Consider an in-band indication like a DL PDCP end-marker and inform RAN2 of this decision.
Observation 4: If the source node after sending Handover Command to the UE, continues to send UL PDCP SDUs to the SGW/AMF on the old S1-U/NG-U path, UL PDCP SN and HFN receiver status need to be transferred to the target node once the UE stops transmitting to the source node.

Observation 5: The target node needs to receive UL PDCP SN and HFN receiver status from the source node before it can process and thus send the UL packets to the SGW/UPF on the new S1-U/NG-U path.
Observation 6: If the source node after sending Handover Command to the UE, starts forwarding UL PDCP SDUs to the target node for further transmission to the SGW/UPF on the new S1-U/NG-U path, UL and DL SN and HFN status can be included in the same SN STATUS TRANSFER message if early data forwarding (of DL data) is applied.
Observation 7: On the other hand, early data forwarding of UL PDCP SDUs adds X2/Xn latency to each single packet forwarded to the target node.

Proposal 5: Data forwarding of UL data needs further study
As a result, the following proposal is made:

Proposal 6: Agree the corresponding TPs for TS 36.300, TS 36.423, TS 38.300 and TS 38.423
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