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1 Introduction

In RAN2#103bis meeting, multiple connectivity during HO to reduce the user data interruption time has been discussed based on [1]. For further discussion, two candidate solutions will be studied as a baseline, and some guidance has been made during the meeting:
=>
Use the protocol stack comparison in this contribution as baseline for further discussions between the split bearer and non-split bearer solutions.

=>
We should discuss the security key aspects more when we discuss the details of the solutions.

=>
Consider how to do reordering in non-split case

=>
FFS whether single or dual RRC (and e.g. whether we have 1 or 2 S1-C connections) is considered (S1-C would affect also RAN3)

=>
FFS how duplication is considered (depending on solution details)

In this contribution, we focus on user plane impact for eMBB (enhanced make-before-break) based handover, including data transmission and forwarding, etc.
2 Discussion  
In general, in eMBB based handover case, in order to reduce the legacy “5ms” interruption time (after applying make-before-break), the source stack can be kept when the target stack is being setup, i.e., a eMBB-based approach. It is shown as Figure 1.
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Figure 1 Protocol stack before and after handover 
for legacy handover (left) and for eMBB based handover procedure (right)
It can be seen that in legacy HO, at UE side, the release of PHY/MAC/RLC/PDCP stack at source side is needed before the setup of stack at target side, but that is not needed in eMBB based HO, since the UE would already establish the stacks (PHY/MAC/RLC/PDCP) w.r.t. target node before releasing the stack w.r.t. the source node.
Observation 1 Using eMBB based HO, at UE side, the handover interruption due to “source stack releasing before target stack setup” can be saved.
2.1 (De)ciphering
As shown in Figure 1, considering the key for source and target eNB are different, one cannot use a same module to handle it. Therefore, separate ciphering / deciphering functionality is needed to serve source and target eNB connection respectively. From UE perspective, there is no key ambiguity issue, i.e., UE would receive / transmit the packet for old / new key to source connection and target connection respectively.

Observation 2 There is no key ambiguity issue for eMBB based handover.
Proposal 1 For eMBB handover, separate functionality is needed at UE side for (de)ciphering w.r.t. source node and target node.

2.2 (De)compression
For ROHC functionality, there could be in general two options:

A. Two separate ROHC context are maintained at UE side

B. Only a single ROHC context is maintained at UE side

B would imply at network side, the compression / decompression is to be done by one network node, i.e., either source or target node (unless the ROHC context forwarding / sync-up between network nodes is assumed) 
· For DL TX, the packet is to be firstly compressed by one network node, (e.g., source node) and then forward to another node (e.g., target node) for ciphering, and finally send to UE. 
· For UL RX, the packet is to be forwarded to the network node which maintains the ROHC context, after deciphering operation. 
One issue is that it is trouble-some to perform DL ROHC context relocation for DL data: before path-switch, source node is more proper to act as the ROHC anchor node for DL data; yet after path-switch, target node would act as the ROHC anchor node for DL data. This ROHC re-set needs to notify UE

The other issue is how to perform the ROHC feedback operation. In legacy, the ROHC feedback is w.r.t. the node which sends out the PDCP PDU. Yet if the ROHC anchor point is not the PDCP PDU transmitter, the ROHC feedback has to be sent to the ROHC anchor point.

Observation 3 If a single ROHC context is used, 1) ROHC re-set is needed for ROHC anchor point relocation, and 2) ROHC feedback has to be sent to the ROHC anchor point, which may be not the node which sends out the PDCP PDU.
Considering the required specification effort for solution-B, A is more straightforward, i.e., similar to the key handling, the ROHC context is maintained for source and target node respectively. For A, the de-compression is performed before re-ordering, which is doable since LTE RLC can already secure in-order delivery.
Proposal 2 For eMBB-based handover, separate functionality is needed at UE side for ROHC w.r.t. source node and target node.
2.3 Re-transmission and Status Report
In legacy procedure, PDCP layer at UE side would perform PDCP re-establishment, where re-transmission is needed for the packets which are not ACKed by the source connection, because the source connection would be released before setup of target stack. 
Observation 4 In legacy HO, re-transmission and status report triggering is a part of PDCP re-establishment procedure, since the source stack is released before the setup of target stack.

However, since source connection would still exist for a while after setup of target stack in eMBB-based handover, i.e., the HARQ / ARQ procedure is still on-going, one question is whether the re-transmission is needed before source connection is released.
· If the re-transmission / status report is done as soon as the setup of target stack, the issue would be there might be some resource waste due to duplicate delivery at source and target node.
· Else if the re-transmission / status report is done after the release of source stack, the redundancy issue above can be solved, but it may cause out-of-order transmission at target node (older packet re-transmitted after newer packet), which would cause issue decompression. The same issue happens for status report, i.e., for DL.

Considering the two aspects, PDCP re-transmission and status report can be done, which is then can be triggered simultaneously with target stack setup.

Proposal 3 For eMBB handover, PDCP re-transmission and status report can be done as soon as UE starting transmission to target node. 
2.4 Re-ordering and duplication detection

For DL, it requires synchronized PDCP SN assignment, i.e., for same PDCP SDU, same PDCP SN should be assigned by source and target node for corresponding PDCP PDU. It is necessary to enable re-ordering and duplication detection at UE side based on PDCP SN. Before path switching, it is straightforward to let source node to do the SN assignment operation.
Proposal 4 For eMBB handover, source node assigns SN for each DL PDCP SDU, and forwards the DL PDCP SDU together with the SN to target node.
For UL, the PDCP SN are assigned by UE, so SN sync-up is not an issue. It is more about which node to do the re-ordering and duplication detection. For this, it is more straightforward to let target node to do the re-ordering and duplication detection operation. SN also needs to associate to the forwarded PDCP SDU. Please note that there two levels of re-ordering the duplication detection:
· For PDCP PDU level, which can be applied before decompression, this is only needed for LTE RLC in case split bearer is configured, and thus is omitted in Figure 2.

· For PDCP SDU level, which can be applied after decompression, this is anyway needed, and thus is included in Figure 2.

Proposal 5 For eMBB handover, PDCP SDU level re-ordering and duplication detection is needed at UE side after decompression of DL PDCP PDU from source / target nodes. 

Proposal 6 For eMBB handover, source node forwards the UL PDCP SDU (after deciphering and decompression operation) together with the SN, to target node for PDCP SDU level re-ordering and duplication detection.

2.5 A short summary
As shown in Figure 2, the handling of (de)ciphering and ROHC would be separated for source and target node, between UE and network. However, a single entity has to handle the SN assignment / reordering and duplication detection. It does not matter whether it is a single or two PDCP entity – the key issue is whether it is the task of PDCP or some other layer. We prefer to do the task all in PDCP layer.
Proposal 7 Specify all the behaviour of separate (de)ciphering / ROHC and unified PDCP SDU level re-ordering / duplication detection in PDCP specification (TS 36.323).
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Figure 2 PDCP handling at UE and NW side
3 Conclusion
Based on the discussion in section 2 we have following observations:
Observation 1
Using eMBB based HO, at UE side, the handover interruption due to “source stack releasing before target stack setup” can be saved.
Observation 2
There is no key ambiguity issue for eMBB based handover.
Observation 3
If a single ROHC context is used, 1) ROHC re-set is needed for ROHC anchor point relocation, and 2) ROHC feedback has to be sent to the ROHC anchor point, which may be not the node which sends out the PDCP PDU.
Observation 4
In legacy HO, re-transmission and status report triggering is a part of PDCP re-establishment procedure, since the source stack is released before the setup of target stack.


Based on the observations, we propose:
Proposal 1
For eMBB handover, separate functionality is needed at UE side for (de)ciphering w.r.t. source node and target node.
Proposal 2
For eMBB-based handover, separate functionality is needed at UE side for ROHC w.r.t. source node and target node separately.
Proposal 3
For eMBB handover, PDCP re-transmission and status report can be done as soon as UE starting transmission to target node.
Proposal 4
For eMBB handover, source node assigns SN for each DL PDCP SDU, and forwards the DL PDCP SDU together with the SN to target node.
Proposal 5
For eMBB handover, PDCP SDU level re-ordering and duplication detection is needed at UE side after decompression of DL PDCP PDU from source / target nodes.
Proposal 6
For eMBB handover, source node forwards the UL PDCP SDU (after deciphering and decompression operation) together with the SN, to target node for PDCP SDU level re-ordering and duplication detection.
Proposal 7
Specify all the behaviour of separate (de)ciphering / ROHC and unified PDCP SDU level re-ordering / duplication detection in PDCP specification (TS 36.323).
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