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1	Introduction
[bookmark: _Toc474247438]RAN3 started the work on Mobility Enhancements at RAN3 #104-bis. Besides the prioritized part of the work, based on the request from RAN2, RAN3 started analyzing impacts of the enhancements to the data interruption time on the data forwarding. The starting point is the fact that the source may duplicate the data (send it to the UE and to the target node), which means the forwarded data must be provided together with the SN used when the same SDU was sent to the UE. 
In this paper we start from the point the discussion stopped at the last meeting and propose a solution to enable efficient coordination between the source, the UE and the target nodes.
2	Discussion
2.1	Data forwarding in the classic HO procedure
In the classic HO procedure, the source forwards “raw” data (i.e. plain PDCP SDUs), which the target buffers and starts sending to the UE once the UE arrives to the target. For that, the target has to enable ciphering. The security is based on the COUNT value (also based on the SNs of the acknowledged DL and UL PDCP PDUs): once the transmission between the UE and the source ceases, the value is “frozen” in both nodes. The target has also to know the SNs of the last acknowledged PDCP PDUs so that is can start own numbering (and so that it knows from where the UE will continue it). Therefore, the critical part of the classic HO is the SN Status Transfer procedure, which the source can initiate only once it stops communication with the UE, but the target can’t start it before it receives the message.
Observation 1: In order to avoid interruption during the enhanced HO procedure, the SN Status Transfer must be sent before the UE synchronises with the target cell – otherwise the target cell will not be able to cipher/decipher the data exchanged with the UE.
2.2	The current concept of the enhanced HO and its challenges
The basic assumption of the enhancement for the HO is that the source keeps exchanging data with the target until the UE is able to exchange the data with the latter. Effectively, it means some form of “make before break” approach. This means the source has to maintain the ability to exchange data with the UE after the SN Status Transfer is sent to the target node, which in turn poses the problem how to “freeze” the COUNT value in the source and the UE. This is, however, RAN2’s domain to solve it.
Observation 2: In case of any “make before break” solution with two PDCP stacks, RAN2 must enable some method to “freeze” the SN status in both, the source cell and the UE, even though the data exchange continues. In this paper, we assume such method exists.
Since the source duplicates the data during forwarding, it has to enable the UE to identify the duplicates once the target forwards forwarded data. Therefore, RAN2 agreed that the source will forward the PDCP SDUs together with the SNs that the source used when transmitting those SDUs towards the UE. This element is likely inevitable and make RAN3 to decide how such forwarding is to be executed. The classic forwarding does not enable associating the SN with the SDU. This is possible though in the NR or LTE UP frame protocol. On the other hand, that protocol has quite a number of features which are not needed for HO forwarding. RAN3 shall therefore consider if the existing NR and LTE UP protocols are to be reused for enhanced HO, or a new and lighter frame protocol is defined.
Proposal 1: RAN3 shall decide how to enhance the forwarding of PDCP SDUs so that the associated SNs can also be provided.
As it has been noted in [1], if the source starts forwarding the data early and the target transfers all the buffered SDUs to the UE once it connect to the target cell, there will be quite high amount of data that the UE has already received successfully from the source. Transfer of that old data and its processing at the UE will take some time and thus such extensive duplication will reduce benefits of the enhanced handover. This may be mitigated by trying to start forwarding right when the UE is about to connect to the target cell. However, making the solution depend on successful estimation of when this moment happens seems like wishful thinking.
Observation 3: The efficiency of the basic solution for early data forwarding depends on the amount of data duplication when the UE connects to the target cell. 
2.3	Improvements to the data forwarding 
As it was discussed above, there are two contradictory requirements for the data forwarding:
1. It shall start early, so that the DL data transmission may start immediately when the UE connects to the target cell.
2. However, it shall start as late as possible, so the amount of duplicated data to transmit from the target node is minimal.
The only way to address both of the requirements is to forward data early, but then to let the target node know from which PDU it shall start DL transmission. If the NR UP frame protocol is reused, this can be achieved if the source flushes the DL buffer of the target node from the PDUs already delivered to the UE. However, this feature is not available in the LTE UP frame protocol. It is not even decided if any of the UP protocols will be used (see Proposal 1 above).
Observation 4: The current UP frame protocols may not be able to discard forwarded SDUs, while no other universal option exists.
The alternative is to enable the UE to inform the target which was the last received DL PDU from the source side. The UE must not provide the SN explicitly – this might break the security principles, because the SN is one of the inputs for the ciphering key derivation and therefore must not be exchanged openly before ciphering is initiated. However, as mentioned in Observation 2, RAN2 must develop some method to “freeze” the SN status between the source node and the UE, which status is then sent to the target node. Therefore, the UE may inform the target about the delta to the SN status that the target already knows from the source. This delta will tell the target node how many continuous PDUs were received successfully from the source after the SN status was indicated. The target will then start DL transmission from the PDU corresponding to the SN status plus the delta.
Proposal 2: RAN3 shall endorse the solution based on SN offset indicated from the UE and to ask RAN2 to enable the necessary RRC signalling.
At RAN3 #104, some papers assumed the source will switch from the enhanced forwarding (SDU with assigned SN) to the classic forwarding at some point, e.g. once the target indicates the successful arrival of the UE (the discussed “HO Success” procedure). However, this requires that there is some indication from the source about the last SDU forwarded in the enhanced way. This seems not necessary: the forwarding will cease anyway, naturally, when the Path Switch procedure is completed. Therefore, it seems all right if the source keeps assigning the SNs until the end of forwarding.
Proposal 3: It seems all right and simpler, if there is no switch from the enhanced to the classic forwarding – the source node shall keep assigning SNs to forwarded SDUs until forwarding is completed (the DL path is switched).

3	Conclusions
In the paper, we’ve reviewed the principles of the data forwarding in the current HO procedure and how it can be enhanced to support enhanced HO with minimal resource waste. We made following observation:
O1: In order to avoid interruption during the enhanced HO procedure, the SN Status Transfer must be sent before the UE synchronises with the target cell – otherwise the target cell will not be able to cipher/decipher the data exchanged with the UE.
O2: In case of any “make before break” solution with two PDCP stacks, RAN2 must enable some method to “freeze” the SN status in both, the source cell and the UE, even though the data exchange continues. In this paper, we assume such method exists.
O3: The efficiency of the basic solution for early data forwarding depends on the amount of data duplication when the UE connects to the target cell.
O4: The current UP frame protocols may not be able to discard forwarded SDUs, while no other universal option exists.
And they allow us to make following proposals:
P1: RAN3 shall decide how to enhance the forwarding of PDCP SDUs so that the associated SNs can also be provided.
P2: RAN3 shall endorse the solution based on SN offset indicated from the UE and to ask RAN2 to enable the necessary RRC signalling.
P3: It seems all right and simpler, if there is no switch from the enhanced to the classic forwarding – the source node shall keep assigning SNs to forwarded SDUs until forwarding is completed (the DL path is switched).
At this moment, there seem to be nothing to do for RAN3, but we shall monitor closely the progress of the discussion in RAN2.
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