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1 Introduction
In WID [RP-181433], the following objective are considered for NR mobility enhancements
· To study solution(s) to reduce interruption time during HO/SCG change focusing on the following identified solutions but not limited. 
· Handover/SCG change with simultaneous connectivity with source cell and target cell. 
· Make-before-break 

· RACH-less handover 
· To study solution(s) to improve HO/SCG change reliability and robustness especially considering challenges in high/med frequency focusing on the following identified solutions but not limited. 
· Conditional handover 

· Fast handover failure recovery 
In RAN2#105 meeting, simultaneous connectivity during HO to reduce the user data interruption time for NR mobility enhancement has been discussed briefly. For further discussion, two candidate solution will be studied as a baseline, and one of the agreements has been made during the meeting is:

=>We will consider non-DC-based solutions in study phase. Proponents are encouraged to come up with joint solutions and evaluation using the agreed criteria.
In this contribution, we will discuss the eMBB (non-DC-based) handover for NR mobility enhancement.
2 Discussion 
In general, in eMBB based handover case, in order to reduce the interruption time (after applying make-before-break), the source stack can be kept when the target stack is being setup, i.e., an 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 Protocol Stack Establishment / Release

eMBB-based handover is featured as UE maintaining two stacks to achieve the simultaneous transmission between UE and network during handover. The protocol stack during eMBB-based handover procedure can be split into three phases: 

1. The first phase is that UE is connected with the source node. At this stage, the PDCP and RRC anchor is only located at source node.

2. The second phase is that the UE keeps connection w.r.t. the source and target node at the same time. At this stage, the PDCP anchor are kept both at source and target node.

3. Once the handover procedure is successfully completed, the source connection is released, so that the stack is released with corresponding PDCP and RRC stack.
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Figure 2 eMBB-based handover protocol stack for CP
The first issue is when for the UE to establish the stack w.r.t. the target node and when to release the stack w.r.t. the source node. For this, one straightforward solution is to rely on HO command to establish the stacks towards the target node. 

Proposal 1 UE establishes the protocol stack w.r.t the target node following the configuration in handover command.

For the stack release of source node, it needs to be done sometime after UE accesses the target node successfully, and the detailed trigger can be:

1. Explicit trigger: some event or signaling can be associated with the release operation.

A. Alt 1: The connection with source node can be released when the random access procedure to target cell is successfully complete;

B. Alt 2: The connection with source node can be released by following the RRC reconfiguration message from the target cell.
2. Timer-based trigger: A timer based solution can be introduced to manage the active time of source node, e.g. network configures a timer for connection release with source node.

With the options listed above, RAN2 can discuss when to release the protocol stack in source node.
Proposal 2 RAN 2 discuss the trigger for UE to release the protocol stack for source gNB.

2.2 2.2
SRB towards single node or dual node?
There is another open issue that for SRB in eMBB-based solution, whether UE should talk to both source and target node, or just one node. For this issue, we see two possibilities:

1. If HO is done successfully, there is no need for RRC message TX/RX to/from source node, but just needs to transmit SRB towards target node.

2. However, if HO is not done successfully, there might be a case where the UE needs to report the failure to source node. In this case, SRB transmission towards target node is not needed.
Proposal 3 UE only exchanges RRC messages with single node (either source node or target node) at one time.
2.3 (De)ciphering

During eMBB-based HO, since keys for source and target node are different, UE cannot use a same module to handle it. Therefore, separate ciphering / deciphering functionality is needed to serve source and target node 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.
Proposal 4 For NR eMBB-based handover, separate functionality is needed at UE side for (de)ciphering w.r.t. source node and target node.

2.4 (De)compression

For ROHC functionality, in the last meeting, RAN2 already agreed that for LTE “RoHC and remaining PDCP functions (e.g. ciphering, PDCP PDU creation) are executed separately at each network node”. We think the same can be applied to NR.
Proposal 5 For NR eMBB-based handover, RoHC and remaining PDCP functions (e.g. ciphering, PDCP PDU creation) are executed separately at each network node.
At the UE side, we think it would be straightforward to have two separate ROCH context maintained, i.e., similar to the key handling, the ROHC context is maintained for source and target node respectively. In addition, the de-compression is performed before re-ordering, which is doable since LTE RLC can already secure in-order delivery.
Proposal 6 For NR eMBB-based handover, separate functionality is needed at UE side for ROHC w.r.t. source node and target node.
2.5 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 2 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 to decompression. The same issue happens for status report, i.e., for DL.

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

Proposal 7 For NR eMBB-based handover, PDCP re-transmission and status report can be done as soon as UE starting transmission to target node. 

2.6 Re-ordering and duplication detection

In the last RAN2 meeting, it has been agreed that for DL, PDCP SN assignment is done at source eNB, and PDCP SDUs and the SN assigned to each SDU are then forwarded to target eNB. We think the same agreements can be applied to NR as well.

Proposal 8 For NR eMBB-based handover, PDCP SN assignment is done at source eNB, and PDCP SDUs and the SN assigned to each SDU are then forwarded to target eNB.
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 issue, we think it is more straightforward to let target node do the re-ordering and duplication detection operation. SN also needs to associate to the forwarded PDCP SDU. Please note that there will be two levels of re-ordering and duplication detection:

· For PDCP PDU level, which is applied before decompression.

· For PDCP SDU level, which is applied after decompression.
Proposal 9 For NR eMBB-based handover, PDCP SDU level re-ordering and duplication detection is needed at UE side after decompression of DL PDCP PDU from source / target node. 

Proposal 10 For NR eMBB-based 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.

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
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
UE establishes the protocol stack w.r.t the target node following the configuration in handover command.
Proposal 2
RAN 2 discuss the trigger for UE to release the protocol stack for source gNB.
Proposal 3
UE only exchanges RRC messages with single node (either source node or target node) at one time.
Proposal 4
For NR eMBB-based handover, separate functionality is needed at UE side for (de)ciphering w.r.t. source node and target node.
Proposal 5
For NR eMBB-based handover, RoHC and remaining PDCP functions (e.g. ciphering, PDCP PDU creation) are executed separately at each network node.
Proposal 6
For NR eMBB-based handover, separate functionality is needed at UE side for ROHC w.r.t. source node and target node.
Proposal 7
For NR eMBB-based handover, PDCP re-transmission and status report can be done as soon as UE starting transmission to target node.
Proposal 8
For NR eMBB-based handover, PDCP SN assignment is done at source eNB, and PDCP SDUs and the SN assigned to each SDU are then forwarded to target eNB.
Proposal 9
For NR eMBB-based handover, PDCP SDU level re-ordering and duplication detection is needed at UE side after decompression of DL PDCP PDU from source / target node.
Proposal 10
For NR eMBB-based 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.
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