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Introduction
[bookmark: _Hlk23363657]In the previous meeting a contribution was presented and a discussion was triggered on an issue that exists in an intra-DU handover scenario, namely that during the handover procedure, the CU-CP is not able to determine if an F1AP UL RRC Message Transfer carries an RRC message originating from the old cell or the new/target cell which causes problems with the PDCP re-ordering functionality in CU-CP. Below we will further elaborate on this topic and conclude on the actions needed to be taken in order to agree on a long-term solution. 
Discussion
[bookmark: _Hlk509769073]In the case of intra-DU handover we noticed the following issue. 
[bookmark: _Hlk23362804]During the handover procedure, the gNB-CU-CP is not able to determine if an F1AP: UL RRC Message Transfer carries an RRC message originating from the old cell or the new/target cell of the gNB-DU. 
Below we provide a rough depiction of the procedure followed at intra gNB-DU handover. 



As can be seen in the figure, in general, the following steps would be performed:
1. gNB-CU-CP decides to perform a handover where PDCP needs to be re-established.

2. gNB-CU-CP sends F1AP UE Context Modification Request including SpCell ID IE.

3. gNB-DU prepares resources for the specified SpCell ID, builds a CellGroupConfig and returns that in F1AP UE Context Modification Response.

4. gNB-CU-CP sends F1AP UE Context Modification Request including the ReconfigurationWithSync and Transmission Stop Indicator (triggering stop of user data, DRBs).

5-6. gNB-DU delivers the RRC message, suspends DRBs and sends F1AP UE Context Modification   Response.

7-8. UE receives the RRC Reconfiguration message, synchronizes to target cell and sends RRC Reconfiguration Complete.

9. gNB-DU delivers any UL dedicated RRC message over F1 with F1AP UL RRC Message Transfer.
There is no information in F1AP UL RRC Message Transfer that informs gNB- CU-CP if the RRC message contained originates from the old cell or the new/target cell.

0. If a PDCP COUNT larger than zero is received at the gNB-CU-CP, the tReorderingTimer is started. This could happen because an RRC message from the old cell is received at the gNB-CU-CP after the F1AP UE Context Modification Request including the ReconfigurationWithSync and Transmission Stop Indicator is sent from the gNB-CU-CP

0. If tReorderingTimer expires, gNB-CU-CP will (falsely) advance the UL PDCP COUNT for SRB1. => If e.g. Reconfiguration Complete with COUNT=0 arrives later (COUNT=0 because this is the first RRC message on the new cell), this message will be discarded resulting in a failed handover.

As it can be seen from the above, there are problems with the PDCP re-ordering functionality in gNB-CU-CP. The cause of these issues is the lack of information in F1AP UL RRC Message Transfer regarding indicating to the gNB-CU-CP if an RRC message originates from the old cell or the new/target cell.
After step 4 and before step 8, the UE might send an UL RRC message which originates from the old cell (before PDCP has been re-established). As gNB-CU-CP does not know exactly when in time step 8 happens, it is difficult to know exactly when it is safe for gNB-CU-CP to reset UL PDCP COUNT for SRB1 and SRB2.
If gNB-CU-CP resets UL PDCP COUNT after step 4 or step 6 and UE sends an UL RRC message originating from the old cell, the UL re-ordering functionality in gNB-CU-CP will be triggered causing the problem described above in step 9.

Conclusion 1: the CU is not able to determine if an F1AP UL RRC Message Transfer carries an RRC message originating from the old cell or the new/target cell. This causes problems with the PDCP re-ordering functionality related to SRBs in the CU

[bookmark: _Hlk23363553]A solution to this problem would be to add a flag in F1AP UL RRC Message Transfer indicating if the RRC message is the first message sent from the handover target cell. As a result, all messages received before this flagged message are treated as messages coming from the old cell. Until this indication is received the PDCP COUNT is not re-initialized.
Proposal 1: add a flag (re-established SRB flag) in F1AP UL RRC Message Transfer indicating if the RRC message is the “first message on a re-established SRB flow”.  

This enhancement has however some drawbacks. Namely, a gNB-CU would not know in advance whether a gNB-DU is capable of signalling the new flag in the UL RRC Message Transfer procedure. 
If the gNB-DU does not support this new flag, the gNB-CU-CP will need to decide by implementation from which UL RRC message it should be assumed that the UE is communicating via the new cell (i.e. resetting PDCP count is done by means of implementation). 
If the gNB-DU supports this new flag, it will signal it to the gNB-CU-CP. However, if the Re-establishment SRB Flag signalling is delayed (e.g. due to a UE signalling for a longer time on the old serving cell) the gNB-CU-CP implementation might deduce that the gNB-DU does not support the flag and for that it might reset the PDCP Count erroneously. 
[bookmark: _Hlk23363590]For the reasons above it is proposed to also introduce an indicator in UE Context Modification Response, that will indicate if gNB-DU supports the Re-establishment SRB Flag IE. If the indicator exists in UE Context Modification Response, the CU can rely on this indication and wait to reset the PDCP COUNT when UL RRC Message Transfer is received with the proposed flag set. Otherwise the PDCP COUNT is handled according to the current version of the specification. When the indicator comes, first the PDCP COUNT is cleared and then the RRC-Container within the UL RRC message is decoded.
Proposal 2: introduce an indicator in UE Context Modification Response by which the DU will inform the CU if the DU will set the re-established SRB flag in the first UL RRC MESSAGE TRANSFER after SRB re-establishment has been done on that cell group.

Conclusion
[bookmark: _In-sequence_SDU_delivery]In this contribution an issue that exists in an intra-DU handover scenario has been discussed and the following conclusions and proposals were made:

Conclusion 1: the CU is not able to determine if an F1AP UL RRC Message Transfer carries an RRC message originating from old cell or the new/target cell. This causes problems with the PDCP re-ordering functionality related to SRBs in the CU
Proposal 1: add a flag (re-established SRB flag) in F1AP UL RRC Message Transfer indicating if the RRC message is the “first message on a re-established SRB flow”.  
Proposal 2: introduce an indicator in UE Context Modification Response by which the DU will inform the CU if the DU will set the re-established SRB flag in the first UL RRC MESSAGE TRANSFER after SRB re-establishment has been done on that cell group.
Proposal 3: RAN3 is kindly requested to agree with the changes proposed in the accompanying CR
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