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1	Introduction
In the last meeting, RAN3 has discussed different data forwarding options for enhanced Make-Before-Break (eMBB) and concluded to support early data forwarding for eMBB. That is data forwarding shall be initiated by the source node before the UE executes the handover. In addition, RAN3 has discussed the possibility to apply eMBB per DRB rather than per UE as in MBB solution of Rel. 14 LTE.
The LS sent by RAN3 to RAN2 states as follows [1]:
To RAN WG2 group.
ACTION: 	RAN3 respectfully asks RAN2 to consider RAN3 agreement on early data forwarding for enhanced Make-Before-Break handover, and to give feedback on the per DRB enhanced Make-Before-Break option. RAN3 also kindly asks RAN2 to study the possible solutions enabling the source node to provide the DL and UL COUNT values, known by the UE, to the target node.
This contribution provides RAN2 views for the issues raised by RAN3 in LS.
2	Discussion
2.1	eMBB Indication
In MBB solution of LTE Rel. 14, the indication for MBB is per UE without any differentiation among the DRBs that could be associated with different QoS requirements. 
The eMBB solution of Rel. 16 is much more demanding than MBB of Rel. 14 in terms of radio resources and signalling overhead. This is because the source node needs to continue the transmission and reception with the UE while and after the UE has completed the random access to the target cell. As such, the number of configured DRBs may have to be doubled for the short time when the UE needs to receive DL user data simultaneously from source and target nodes. Besides, not all DRBs require 0 ms (or close to 0 ms) interruption time in downlink and uplink. Hence, the network should have the flexibility to enable eMBB solution only for the DRBs that benefit from such interruption time reduction like URLLC, for instance. Baseline handover might be sufficient for other services such as enhanced mobile broadband.
Observation 1: eMBB solution of Rel. 16 is much more demanding than MBB of Rel. 14 in terms of radio resources and signalling overhead.
Proposal 1: For increasing network flexibility in controlling the associated overhead and signalling, eMBB indication is defined per DRB in LTE and NR.
Supporting the eMBB indication per DRB has minimal impacts on 3GPP specifications. The handover request sent by the source node to the target node should be extended to include an eMBB indication per DRB. Having received this information, the target node prepares the handover command to the UE indicating whether baseline handover or eMBB solution applies for each DRB. 
Proposal 2: The handover request sent by the source node to the target node is extended to include an eMBB indication per DRB in LTE and NR.
Proposal 3: The handover command prepared by the target node is extended with an eMBB indication per DRB in LTE and NR.
2.2	Data Forwarding in eMBB
According to [2], the parameters that are required by PDCP for ciphering and de-ciphering are: 1) COUNT value, consisting of Hyper Frame Number (HFN) and Sequence Number (SN), 2) direction of the transmission (downlink or uplink), 3) bearer ID and 4) ciphering key.
In baseline handover, the source cell stops the scheduling of DL and UL data after sending the handover command to the UE. Thus, both UE and source cell are in sync about the SN of last PDCP PDU that was exchanged in DL and UL. To enable the target cell to resume the radio communication, source cell sends to the target cell SN STATUS TRANSFER message containing the DL/UL COUNT, i.e., consisting of Hyper Frame Number (HFN) and Sequence Number (SN), to indicate the next missing DL/UL PDCP PDU. Using this message, UE and target cell get in sync with respect to the initial values of UL/DL COUNT that are applied in (de)-ciphering of the PDCP SDUs.
Observation 2: In baseline handover, SN STATUS TRANSFER is used to get both UE and target cell in sync about the initial values of UL/DL COUNT that shall be applied in (de)-ciphering of the PDCP SDUs.
As the radio communication between the UE and the source cell is continued in DAPS solution after sending the handover command, it would be useful if the target cell starts transmitting and receiving DL and UL packets that have not been exchanged yet with the UE, i.e., avoid re-transmitting packets that have been successfully received by the UE from the source cell. This issue can be addressed by initializing properly DL/UL COUNT values for the radio communication between the UE and target eNB. 
Proposal 4: The DL/UL COUNT values for the radio communication between the UE and target cell should be initialized properly to avoid re-transmitting packets that have been successfully exchanged between UE and source cell.
Moreover, for the UE to de-cipher the first and subsequent downlink transmissions from the target cell, it needs to know the DL COUNT value applied by the target cell. Similarly, for de-ciphering the first and subsequent uplink transmissions from the UE, the target cell needs to know the applied UL COUNT value applied by the UE. Thus, synchronization about DL/UL COUNT values between the UE and target cell is needed for initiating the transmission/reception of user data. 
Proposal 5: The DL/UL COUNT values between the UE and target cell need to be synchronized for initiating the transmission/reception of user data.
Fig. 1 describes one solution that addresses the two issues raised in proposal 4 and 5. The steps of the solution are summarized in the following point:
· In step 10, UE and source cell mark the SN of PDCP PDU in UL and DL to be used as reference for COUNT synchronization between the UE and target cell. 
· [bookmark: _GoBack]In step 11, the source node forwards to the target node PDCP SDUs along with the assigned SNs. The forwarding can start after the transmission of the handover command as in baseline handover and the exact time when this is done can be left up to network implementation.
· In step 12, the source node sends the SN STATUS TRANSFER to the target node comprising DL/UL COUNT corresponding to marked SNs in step 10, i.e., COUNT = Hyper Frame Number (HFN) + SN (marked).
· After marking SNs in step 10, UE starts counting the UL and DL PDCP PDUs that were received by source cell and UE, respectively. In step 15, the UE includes in the RRC Reconfiguration Complete message the SN offsets X & Y for DL and UL, respectively, where X and Y represent the number of DL/UL PDCP PDUs that were exchanged with source cell after receiving the HO command until the transmission of RRC Reconfiguration Complete message.
· In step 16 and 17, both UE and target node derive the same UL/DL COUNT values that shall be used for radio communication using the offsets X and Y and the marked SNs. As such, the solution ensures that both UE and target cell are in sync about the UL/DL COUNT values and the UE and target cell will start exchanging PDCP PDUs that were not previously communicated with the source cell.
· For completeness, source node keeps on forwarding PDCP SDUs and their corresponding assigned SNs to the target cell until the END MARKER is received from the serving gateway. Upon receiving the END MARKER, the target node starts to assign SN for the PDCP SDUs received from the serving gateway. 


[image: MBB_Alternative1]
Thus, to enable the COUNT synchronization between the UE and the target node without having to re-transmit the packets that were already received from the source cell, the following is proposed:
Proposal 6: After the transmission of the handover command, UE and source cell mark the SN of PDCP PDUs in UL and DL to be used as reference for COUNT synchronization between the UE and target cell.
Proposal 7: Source node sends the SN STATUS TRANSFER to the target node comprising the DL/UL COUNT corresponding to marked SNs, i.e., COUNT = Hyper Frame Number (HFN) + SN (marked)
Proposal 8: UE includes in the RRC Reconfiguration Complete message the SN offsets X & Y for DL and UL, respectively, where X and Y represent the number of DL/UL PDCP PDUs that were exchanged with source cell after receiving the HO command until the transmission of RRC Reconfiguration Complete message.
Proposal 9: Both UE and target eNB derive the same UL/DL COUNT values that shall be used for radio communication using the reported offsets X and Y from the UE and marked SNs.
Several options exist for marking the SNs of the PDCP PDU in DL and UL of Step 10 in Fig. 1. Herein, we differentiate between explicit and in-band indications:
· Option 1: Explicit indication
· Option 1-1: Source cell marks 1) the DL COUNT of a PDCP PDU for which it has received an ACK from the UE and 2) the UL COUNT for which it has sent an ACK. The source cell shares the reference COUNT values with the UE by means of explicit signaling.

· Option 1-2: UE marks 1) the DL COUNT of a PDCP PDU for which it has sent an ACK and 2) the UL COUNT for which it has received an ACK from the source cell. The UE shares the reference COUNT values with the source cell by means of explicit signaling.

· Option 1-3: Source cell marks the DL COUNT of a PDCP PDU for which it has received an ACK from the UE and the UE marks the UL COUNT of a PDCP PDU for which it has received an ACK from the source cell. UE and source cell share then the marked SNs with each other.

· Option 2: In-band signaling
· After receiving the handover command, UE marks the first transmitted UL PDCP PDU using a flag in the PDCP header. Similar, after sending the handover command, the source cell marks the first transmitted DL PDCP PDU using in-band flag. 
Option 2 requires a new flag in the PDCP header whereas Option 1 may require a new signaling message. 
Proposal 10: RAN2 is asked to discuss explicit or in-band indication for marking the SN of PDCP PDU in DL and UL between UE and source cell.
3	Conclusion
In this contribution, we have answered RAN3 questions related to eMBB indication and data forwarding. The observations and proposals are summarized in the follows.
Observation 1: eMBB solution of Rel. 16 is much more demanding than MBB of Rel. 14 in terms of radio resources and signalling overhead.
Proposal 1: For increasing network flexibility in controlling the associated overhead and signalling, eMBB indication is defined per DRB in LTE and NR.
Proposal 2: The handover request sent by the source node to the target node is extended to include an eMBB indication per DRB in LTE and NR.
Proposal 3: The handover command prepared by the target node is extended with an eMBB indication per DRB in LTE and NR.
Observation 2: In baseline handover, SN STATUS TRANSFER is used to get both UE and target cell in sync about the initial values of UL/DL COUNT that shall be applied in (de)-ciphering of the PDCP SDUs.
Proposal 4: The DL/UL COUNT values for the radio communication between the UE and target cell should be initialized properly to avoid re-transmitting packets that have been successfully exchanged between UE and source cell.
Proposal 5: The DL/UL COUNT values between the UE and target cell need to be synchronized for initiating the transmission/reception of user data.
Proposal 6: After the transmission of the handover command, UE and source cell mark the SN of PDCP PDUs in UL and DL to be used as reference for COUNT synchronization between the UE and target cell.
Proposal 7: Source node sends the SN STATUS TRANSFER to the target node comprising the DL/UL COUNT corresponding to marked SNs, i.e., COUNT = Hyper Frame Number (HFN) + SN (marked)
Proposal 8: UE includes in the RRC Reconfiguration Complete message the SN offsets X & Y for DL and UL, respectively, where X and Y represent the number of DL/UL PDCP PDUs that were exchanged with source cell after receiving the HO command until the transmission of RRC Reconfiguration Complete message.
Proposal 9: Both UE and target eNB derive the same UL/DL COUNT values that shall be used for radio communication using the reported offsets X and Y from the UE and marked SNs.
Proposal 10: RAN2 is asked to discuss explicit or in-band indication for marking the SN of PDCP PDU in DL and UL between UE and source cell.
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