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1 Introduction
RAN2#97bis reached the following agreements on the L2 aspects for NR mobility.
Agreements

1: 2  handling of handover for AM mode:

-
1: LTE- like handover

-
2: No Key change, Data Recovery, RLC re-establishment

2: 2 handling of handover for UM mode:

-
1: LTE- like handover

-
2: No Key change, RLC re-established

3: 2 handling of handover for SRB:

-
1: LTE- like handover

-
2: No Key change, RLC re-established

This paper discusses the further L2 handling for NR mobility from the perspective of 0ms interruption HO 
2 L2 handling for 0ms HO interruption
There are already proposals that discuss the use of DC based approach or enhanced make before break (eMBB) approach to support 0ms HO interruption. However, the most essential issue for 0ms HO interruption is how to enable the parallel transmission between the two legs during HO: between the source node and the UE, and between the target node and the UE. 
In order to support 0ms HO interruption, an overlapping duration should be allowed during which the UE will receive PDCP packets from the source cell and at the same time receive the PDCP packet from target cell. This is because it is a challenge for the UE to know exactly when to stop the communication with source cell and when to start the communication with the target cell. 
3C based DC as specified within LTE supports simultaneous PDCP packet transmission and reception between the UE and the network via the MeNB and SeNB. In order to achieve 0ms interruption, during the handover to a serving cell of the secondary node (i.e. the reconfiguration of the secondary node as master node), the PDCP PDU transmission and reception should be maintained without interruption. During the handover execution, the MAC/RLC entity of the source node and of the target node  can continue normal operation, without reset. The only difference is that the PDCP PDU is coming from a different PDCP entity (i.e. PDCP relocation). 
Observation 1: In the case of role change, it is possible to have parallel transmission and reception before role change, using regular DC, and after role change, using the same L2 (i.e. RLC/MAC) which was there already but with packets from a different PDCP entity (i.e. PDCP relocation).
From the UE perspective, in order to have seamless operation for packet reception, the UE should be able to identify the packets coming via the same RLC/MAC but potentially from a different PDCP. This will help to the UE to process the packets and deliver the packets to the right PDCP entity for deciphering, decompressing and reordering. Generally, the UE needs to use the corresponding key to handle the PDCP PDUs from source cell and from the target cell. 
Observation 2: In the case of role change, the UE needs for each received PDCP PDU to identify which PDCP entity (in source node before role change or in target node after role change) so that the UE can decipher packets correctly. The UE uses the corresponding key to handle the packets from source cell and the target cell.
As discussed in our companion document [2], one potential approach is to indicate a clear boundary of the SN number for PDCP PDU via the end marker indication. When the UE receives the PDCP PDU with end marker, the UE will take the PDCP PDU (with SN less than the SN carried by end marker) as the packets coming from the source cell PDCP entity, and take the PDCP PDU (with SN larger than the SN carried by end marker) as the packets coming from the target cell PDCP entity (after PDCP relocation). Alternatively, , we can use some indication in PDCP PDU header to indicate which key to be used to decipher the PDCP PDU .
Observation 3: UE is able to use the corresponding key to decipher PDCP PDU via either end marker indication (in PDCP control PDU) or an indication in PDCP PDU header as described in the companion document [2].
Based on the above observation, the regular DC approach (i.e. 3C based) can be used to achieve 0ms interruption time. Then we need define the L2 handling details for this type of handover from the perspective of DRB in RLC AM, DRB in RLC UM and SRB. 

Observation 4: The regular DC approach (i.e. 3C based) can be used to achieve 0ms interruption time. Then we need define the L2 handling details for this type of handover from the perspective of DRB in RLC AM, DRB in RLC UM and SRB.
It should be noted that the HO with 0ms interruption time does not mean lossless handover, so then both DRB in RLC AM mode and DRB in RLC UM mode should be supported for this type of handover (we call this as type 3 handover, as we already agreed two types of handover following the agreement made by RAN2#97bis). This type of L2 handling is specific to split bearers and handover from a cell of the MCG to a cell of the SCG. Comparing to the agreement made at the RAN2#97bis, for DRB in RLC AM mode, type 3 HO does not require MAC reset/RLC re-establishment but requires the key change. In UM mode, there is no retransmission of missing packets: the transmission restarts with the first SDUs that were not submitted to lower layers before HO. So then, for DRB in RLC UM mode at type 3 HO, there is no RLC re-establishment, no MAC reset but there is key change. The same principle of RLC AM mode based DRB operation can apply to SRBs. Overall, we have the following summary for type 3 HO for L2 handling: 
	HO Type 
	DRB in RLC AM
	DRB in RLC UM
	SRB

	Type 3 HO
 - only between the 2 paths of a split (S/D)RB
	Key change, Data Recovery, No RLC re-establishment, (No MAC reset)
	Key change, No RLC re-establishment, (No MAC reset)
	Key change, No RLC re-establishment, (No MAC reset)


Proposal 1:  Agree the following L2 handling for type 3 HO (i.e. HO with 0ms interruption time)
	HO Type 
	DRB in RLC AM
	DRB in RLC UM
	SRB

	Type 3 HO - only between the 2 paths of a split (S/D)RB
	Key change, Data Recovery, No RLC re-establishment, (No MAC reset)
	Key change, No RLC re-establishment, (No MAC reset)
	Key change, No RLC re-establishment, (No MAC reset)


It is important to classify the L2 aspects for different HO type. A table should be added into the NR stage 2 TS to list the all three types of HO as a comparison for L2 handling. Then we have the following proposal:  
Proposal 2: Agree the TP based on the following summary for the three type of HOs into stage 2  TS38.300
	HO Type 
	DRB in RLC AM
	DRB in RLC UM
	SRB

	Type 1 HO
	Key change, Data Recovery, RLC re-establishment
	Key change, RLC re-establishment
	Key change, RLC re-establishment

	Type 2 HO
	No Key change, Data Recovery, RLC re-establishment
	No Key change, RLC re-establishment
	No Key change, RLC re-establishment

	Type 3 HO - only between the 2 paths of a split (S/D)RB
	Key change, Data Recovery, No RLC re-establishment , (No MAC reset)
	Key change, No RLC re-establishment, (No MAC reset)
	Key change, No RLC re-establishment, (No MAC reset)


3 Conclusion and Proposals
Observation 1: In the case of role change, it is possible to have parallel transmission and reception before role change, using regular DC, and after role change, using the same L2 (i.e. RLC/MAC) which was there already but with packets from a different PDCP entity(i.e. PDCP relocation).
Observation 2: In the case of role change, the UE needs for each received PDCP PDU to identify which PDCP entity (in source node before role change or in target node after role change) so that the UE can decipher packets correctly. The UE uses the corresponding key to handle the packets from source cell and the target cell.
Observation 3: UE is able to use the corresponding key to decipher PDCP PDU via either end marker indication (in PDCP control PDU) or an indication in PDCP PDU header as described in the companion document [2].
Observation 4: The regular DC approach (i.e. 3C based) can be used to achieve 0ms interruption time. Then we need define the L2 handling details for this type of handover from the perspective of DRB in RLC AM, DRB in RLC UM and SRB.
Proposal 1:  Agree the following L2 handling for type 3 HO (i.e. HO with 0ms interruption time)

	HO Type 
	DRB in RLC AM
	DRB in RLC UM
	SRB

	Type 3 HO - only between the 2 paths of a split (S/D)RB
	Key change, Data Recovery, No RLC re-establishment, (No MAC reset)
	Key change, No RLC re-establishment, (No MAC reset)
	Key change, No RLC re-establishment, (No MAC reset)


Proposal 2: Agree the TP based on the following summary for the three type of HOs into stage 2  TS38.300.
	HO Type 
	DRB in RLC AM
	DRB in RLC UM
	SRB

	Type 1 HO
	Key change, Data Recovery, RLC re-establishment
	Key change, RLC re-establishment
	Key change, RLC re-establishment

	Type 2 HO
	No Key change, Data Recovery, RLC re-establishment
	No Key change, RLC re-establishment
	No Key change, RLC re-establishment

	Type 3 HO - only between the 2 paths of a split (S/D)RB
	Key change, Data Recovery, No RLC re-establishment, (No MAC reset)
	Key change, No RLC re-establishment, (No MAC reset)
	Key change, No RLC re-establishment, (No MAC reset)
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