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Introduction
The RAN2#105 (Athen) has agreed to specify the “non-split bearer” solution for the Rel-16 E-UTRA enhancement minimizing the interruption time during mobility:

RAN2#105 Agreements

1
Specify the ”non-split bearer” solution candidate for the Rel-16 E-UTRA enhancements minimizing the interruption time during mobility.

2
Decide during the work item phase whether a single active protocol stack or two active protocol stacks are used in enhanced Rel-16 E-UTRAN mobility solution.

3
Agree the following common aspects for “non-split bearer” solution candidate:

a.
PDCP SN assignment (for DL) is done at source eNB. PDCP SDUs and the SN assigned to each SDU are then forwarded to target eNB. Details of how SN information is transferred is FFS.

b.
RoHC and remaining PDCP functions (e.g. ciphering, PDCP PDU creation) are executed separately at each network node

c.
The UE procedure when UE detaches from the source cell is explicitly defined in the specifications (e.g. via procedural text and/or via dedicated message/indication.).

d.
In case of two active protocol stacks, a separate security key is used for each of the protocol stacks.

4
RAN2 is asked to work further on the details of the following open issues:

a.
When detaching from the source shall occur and whether it has to be separately considered from the UE’s and NW’s side

b.
Whether data forwarding is done “late” or “early”. Consider potential combination with CHO and how SN Status transfer is done and how HFN is handled. 

c.
LS to RAN3 on data forwarding enhancements to enable reduced interruption time during HO 

5
The detailed assumptions of simultaneous transmission/reception for the solutions depend on the feedback from RAN1 and RAN4 (i.e. response to R2-1815706). RAN2 shall continue working based on the received LS replies.

=>FFS how security asepcts are handled and whether changes to LTE baseline are needed.

=>FFS whether there is single active protocol stack or two simultaneously active protocol stacks 

=>FFS how to detach from the source cell (seen from the NW’s side and UE’s side)

=>FFS How to do data forwarding (early/late, including handling the SN, security, CHO impact)

Based on the progress from RAN2, this contribution discusses RAN3 aspects to support the non-split approach for HO interruption time reduction.
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Discussion
2.1     Overall procedure for non-split bearer approach

The overall procedure for non-split approach is described below in comparison to the legacy HO defined in TS 36.300 [1]. For easy comparison, the steps are numbered based on the legacy HO procedure.
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Figure 1: The overall procedure for non-split approach
Some highlights compared to the legacy HO are as follows:

·  There is an additional data forwarding for simultaneous connectivity, for which RAN2 agreed to forward PDCP SDU with SN assigned by the source eNB for DL.
·  The source would not know exactly when the UE successfully attaches to the target. For this reason, an explicit or implicit indication is needed to release the source connection.
Other than the above two, the required procedural steps would be similar/identical to the legacy HO.

Observation 1: Compare to the legacy HO, non-split bearer approach requires
·  Data forwarding for simultaneous connectivity, for which RAN2 agreed to forward PDCP SDU with SN assigned by the source eNB for DL.

·  Explicit or implicit releasing of the source connection, which could happen after the UE attaches to the target. 
Observation 2: Other than the above two, the required procedural steps are identical to the legacy HO.

Proposal 1: Compared to the legacy HO, non-split approach requires additional PDCP SDU forwarding (with SN assigned by source) and explicit or implicit releasing of the source connection from the UE.
Proposal 2: Re-use the existing messages for procedural steps identical to the legacy HO, while enhancing the contents inside if necessary.
2.2     Data Forwarding for Simultaneous Connectivity
For DL PDCP SDU forwarding with SN assigned by the source eNB, there is no problem in supporting that. The source eNB in the legacy HO already forwards PDCP SDU with SN assigned for which not acknowledged by the UE. A stage-2 clarification may suffice, such as
For non-split bearer handover, the downlink PDCP SDUs are forwarded with SN assigned by the source eNB for those bearers subject to be simultaneously served by both the source and target eNBs, regardless of RLC-AM or RLC-UM bearers, until the SN assignment is handed over to the target eNB, for which the normal data forwarding follows.
But for uplink direction, RAN2 is still under discussion whether to support dual transmissions toward both the source and target eNBs during simultaneous connectivity, or limit to have only single UL transmission (i.e., the UE stops UL with the source eNB upon reception of the first UL data grant from the target eNB). If the single UL transmission is agreed in RAN2, there may no need to forward PDCP SDUs with SN back to the source for reordering – the target eNB could simply buffer uplink packets, where it can upload them directly to S-GW guaranteeing in-sequence delivery together with uplink PDCP SDUs with SN forwarded from the source eNB. 
Therefore, for uplink direction, there is no need to discuss it now. We can wait for RAN2 to make progress.
Proposal 3: No efforts are foreseen to support data forwarding for simultaneous connectivity in the downlink direction. Stage-2 clarification may suffice.
Proposal 4: FFS pending RAN2 on uplink data forwarding for simultaneous connectivity.
2.3     Indication to release the source connection

As observed above, the non-split approach requires explicit or implicit to release the source connection, where RAN2 is currently discussing whether the target eNB does that explicitly or it could be done implicitly.

No RAN3 impacts are foreseen if it is decided to be done by implicitly. However, if the target eNB is decided to command the UE to disconnect from the source, there may be some impacts on RAN3.

The reason is that the source decides when to stop transmissions and scheduling, left up to implementation. Assume now the target eNB decides when to release the UE’s source connection. Then, it may be possible that the target’s release command to the UE happens much earlier than the source’s decision, making subsequent scheduling efforts by the source useless and wasted.
As a result, if RAN2 agrees the target eNB to command the UE to disconnect from the source, we may need to consider an additional signalling to the source eNB to avoid such issue. 
Considering this aspect and also still on-going RAN2 discussion, it looks reasonable to wait for RAN2 progress. 

Proposal 5: FFS pending RAN2 whether the target eNB releases the source connection or it could be done implicitly.
3

Conclusion

In the present contribution we make the following observations:

Observation 1: Compare to the legacy HO, non-split bearer approach requires

·  Data forwarding for simultaneous connectivity, for which RAN2 agreed to forward PDCP SDU with SN assigned by the source eNB for DL.

·  Explicit or implicit releasing of the source connection, which could happen after the UE attaches to the target. 
Observation 2: Other than the above two, the required procedural steps are identical to the legacy HO.

Based on the discussion in the present contribution and the observations above we propose: 

Proposal 1: Compared to the legacy HO, non-split approach requires additional PDCP SDU forwarding (with SN assigned by source) and explicit or implicit releasing of the source connection from the UE.

Proposal 2: Re-use the existing messages for procedural steps identical to the legacy HO, while enhancing the contents inside if necessary.
Proposal 3: No efforts are foreseen to support data forwarding for simultaneous connectivity in the downlink direction. Stage-2 clarification may suffice.

Proposal 4: FFS pending RAN2 on uplink data forwarding for simultaneous connectivity.

Proposal 5: FFS pending RAN2 whether the target eNB releases the source connection or it could be done implicitly.

The corresponding CR for TS 36.300 for data forwarding is provided in [2].
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