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1. Introduction
RAN2#95 has made the following agreements on Make-Before-Break (MBB) Handover [1]:
1.
The “make before break handover solution” means the UE continues downlink and uplink with the source cell until the UE performs the first transmission through PUSCH or PRACH to the target eNB.

2.
The solution is applicable for intra frequency handover and SCG change. Inter frequency case is FFS.

These and previous agreements are being captured in running 36.300 and 36.331 CRs. There are yet several open issues which need to be resolved. We discuss them in this contribution and suggest solutions. 
2. Discussion
One of the open issues in the MBB HO is whether the UE performs RLM while maintaining the source eNB link. In LTE, RLM is performed when the UE has a PCell and the UE suspends RLM after receiving RRC Reconfiguration until transmitting RRC Reconfiguration Complete to the target eNB. In MBB HO, the UE receives data from source eNB even though it is preparing for HO completion with the target eNB. Therefore, the applicability of RLM is ambiguous.
From a performance point of view, UE continuing RLM with the source eNB will very likely result in RLF as the UE is moving away from the source eNB. This will trigger cell selection and RRC Reestablishment and interrupt the ongoing handover completion, nullifying the gain brought by MBB. Therefore, RLM should not occur after receiving RRC Reconfiguration.
This does not require any changes to the existing specifications since in 36.331 5.3.11.1, T310 does not start when T304 is running as follows:

1>
upon receiving N310 consecutive "out-of-sync" indications for the PCell from lower layers while neither T300, T301, T304 nor T311 is running:

2>
start timer T310;

The above also implies that the condition for stopping T310 in the running CR should be removed and T310 should be stopped upon receiving HO Command.

Proposal 1: Do not change the legacy behaviour of not triggering RLF when T304 is running and stopping T310 upon receiving RRCConnectionReconfiguration with mobilityControlInfo.

A second issue is the how RRCConnectionReconfiguration with mobilityControlInfo is applied at the UE. In 36.331, the UE reconfigures PHY layers, resets MAC, and re-establishes RLC and PDCP. Obviously, the UE can’t then continue the data transmission with the source eNB after this point. There are two options: 1-) Keep the current running CR which means that the UE will stop the data transmission with the source eNB 2-) Discuss ways to solve this problem. Given the limited time, it would be preferable to go with Option 1. 
Proposal 2: Keep the legacy behaviour of L1 and L2 reconfiguration upon reception of RRCConnectionReconfiguration with mobilityControlInfo. This implies that the UE will stop the downlink/uplink transmission with the source eNB upon completion of the reconfiguration.
If RAN2 decides to go with Option 2 and update the specifications accordingly, RAN4 should also be informed of this decision to confirm that the UE can continue uplink/downlink transmission while performing RF and baseband tuning with the target eNB.  The current RAN4 requirements on these do not take into account that the UE is already receiving and transmitting with another eNB.
Proposal 3: If RAN2 decides to allow source eNB transmission while acquiring target eNB, RAN4 should be consulted to confirm that this has no impact on their requirements.

MBB HO for inter-frequency is currently FFS. It is clear that inter-frequency handover will have more impact on the UE as it has to maintain two radio links in two different frequencies. This has to be studied in RAN4. However, given the limited time, it is preferable to limit MBB to intra-frequency. This should also be reflected in the running CRs.
Proposal 4: Allow MBB HO only for the intra-frequency scenario.
On the user plane, one major issue is when the source eNB should stop data transmission to the UE which is performing MBB HO. Upon handover completion, the target eNB sends a "UE Context Release” message to the source eNB. However, this is triggered after the data plane with the core network switches to the target eNB and thus will happen long after UE transmission of RRC message. If the source eNB continues to transmit data to the UE until that time, they will be lost over the air and the recovery of them will cause performance loss at upper layers. 
According to the legacy HO as well as running CR, the eNB can start data forwarding after transmitting HO command. However, the eNB also has to stop assigning PDCP SN after it sends the PDCP status to the target eNB. For MBB HO, it is necessary that this shouldn’t happen and thus either forwarding should be delayed until actual break with the source eNB or the source eNB should be informed when this event happens. Since the first option can result in data loss, a reliable mechanism to detect the UE switching to target eNB is needed. It has been suggested that the source eNB can guess this based on the uplink transmissions from the UE. However given that the UE connection with the source eNB will likely to be not very stable, this can cause many false alarms. A more reliable mechanism is to define a message on X2 similar to “UE Context Release”.
Proposal 5: Target eNB informs source eNB over X2 upon HO completion so that the source eNB can stop data transmission to the UE performing MBB HO.
3. Conclusion
In this contribution, we discussed the remaining issues on Make-Before-Break Handover and propose the following:
Proposal 1: Do not change the legacy behaviour of not triggering RLF when T304 is running and stopping T310 upon receiving RRCConnectionReconfiguration with mobilityControlInfo.

Proposal 2: Keep the legacy behaviour of L1 and L2 reconfiguration upon reception of RRCConnectionReconfiguration with mobilityControlInfo. This implies that the UE will stop the downlink/uplink transmission with the source eNB upon completion of the reconfiguration.

Proposal 3: If RAN2 decides to allow source eNB transmission while acquiring target eNB, RAN4 should be consulted to confirm that this has no impact on their requirements.

Proposal 4: Allow MBB HO only for the intra-frequency scenario.
Proposal 5: Target eNB informs source eNB over X2 upon HO completion so that the source eNB can stop data transmission to the UE performing MBB HO.
4. References
[1] R2-165841, “Report from LTE Break-Out session (eVoLTE, Light conn, Mobility enh, eMBMS)”, CMCC 
[2] R2-166016, “Reply LS on the feasibility of mobility enhancement solutions”, RAN4
[3] R2-164607, “Reply LS on the feasibility of mobility enhancement solutions”, RAN1
3GPP


