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Introduction
At the RAN#80 meeting in June 2018, a new Rel-16 WI was approved [1] with the purpose to further enhance LTE mobility by reducing handover interruption time and improve mobility robustness. The work starts with a study phase where potential solutions will be studied, followed by a work phase where the chosen solution will be specified. 
One of the proposed solutions to be studied according to the WI description, is the Make-Before-Break (MBB) handover procedure introduced in LTE Rel-14. In this paper we discuss potential enhancements to the MBB concept, as a mean to further reduce handover interruption time in Rel-16.
[bookmark: _Ref525646117]Make-Before-Break (MBB) in Rel-14
The MBB handover procedure as introduced in LTE Rel-14, refers to a handover mechanism where the UE connects to the target cell before disconnecting from the source cell unlike the standard handover procedure where the UE resets MAC and re-establishes PDCP upon receiving the HO Command message (RRCConnectionReconfiguration message with mobilityControlInfo) in the source cell. 
In the MBB solution, the connection to the source cell is maintained after the reception of RRCConnectionReconfiguration message with mobilityControlInfo until the UE executes initial uplink transmission in the target cell, i.e. MAC and PDCP reset is delayed in the UE until the UE performs random-access in the target cell. 	It is up to UE implementation when to stop the uplink transmission/downlink reception with the source cell to initiate re-tuning for connection to the target cell.
MBB as defined in Rel-14 has some known limitations, i.e. even if MBB and RACH-less handover are combined it is still not possible to reach ~0ms handover interruption time. MBB in Rel-14 is designed for UEs with single Tx/Rx chain which means that MBB in practice only supports intra-frequency handover. In an intra-frequency handover scenario, a single Rx UE is capable of receiving DL data from both target and source cell, however, a single Tx UE will not be able to transmit to both cells simultaneously. Thus, in MBB Rel-14, the UE will release the connection to the source cell at the first UL transmission. This occurs when the UE:
-	Transmits the RACH preamble; or
-	Transmits the HO Complete message (if RACH-less HO is configured).
Consequently, the UE releases the connection with the source cell before the connection with the target cell is ready for packet transmission/reception.
1. [bookmark: _Toc498617854][bookmark: _Toc498617751][bookmark: _Toc498086663][bookmark: _Toc498086636][bookmark: _Toc498619187][bookmark: _Toc498619210][bookmark: _Toc528760021]Make-before-break (MBB) introduced in LTE Rel-14 is designed for UEs with single Tx/Rx chain and only supports intra-frequency handover.
1. [bookmark: _Toc528760022]In MBB, due to the single Tx/Rx chain, the UE releases the connection with the source cell before the connection with the target cell is ready for packet transmission/reception
[bookmark: _Ref525650200]Enhanced MBB in Rel-16
Even if MBB and RACH-less HO are combined in the same HO scenario, it is still not possible to achieve seamless mobility, i.e. true 0ms HO interruption time. In order to meet this target, the UE need to maintain the connection with the source eNB until the connection to the target eNB is successfully established.
It is possible to enhance the LTE Rel-14 MBB solution to reach ~0ms HO interruption time provided the UE supports dual Tx/Rx chains. The dual Rx chains potentially also allows us to support other HO scenarios such as inter-frequency HO.
Contrary to the problem faced by a UE with a single Tx/Rx chain (as discussed in section 2), a UE with dual Tx/Rx chains can keep the connection with the source cell until it is able to receive data packets from the target cell. In principle, this means that the source eNB, after sending RRC Connection Reconfiguration message to the UE, continues to send data packets to the UE while forwarding the same data packets to the target eNB. Thus, the target eNB will be able to send the data packets immediately to the UE when the connection to the UE is established. 
The principle to support 0ms HO interruption time by means of an enhanced MBB procedure is illustrated in Figure 1 below. 
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Figure 1 Enhanced MBB procedure to support 0ms HO interruption time

The key steps to support 0ms HO interruption time by means of Enhanced MBB procedure are as follows:
Step 4:	Source eNB sends Handover Command (i.e. RRCConnectionReconfiguration message with mobilityControlInfo) to the UE, containing an indicator to perform 0ms HO interruption.
Step 5:	Source eNB starts forwarding packet data to the target eNB and continues to send and receive data to/from the UE (step 7). See Note below for alternative solution.
Step 6:	UE starts synchronizing with the target cell, while keeping its connection with the source cell.
Step 7:	Packet data is still sent and received via the source cell.
Step 8:	UE performs random-access in the target cell and target eNB schedules uplink resources.
Step 9:	UE sends RRCConnectionReconfigurationComplete message in the target cell. The target eNB can now start sending PDCP packets to the UE, while at the same time, the source eNB may continue to send PDCP packets to the UE. From this point in time the UE only sends UL data via the target cell.
[bookmark: _Hlk528687314]	In purpose to assist the target eNB with PDCP re-ordering and duplication check, the UE may convey a PDCP SN status report in the RRCConnectionReconfigurationComplete message. Based on the information in the PDCP SN status report, the target eNB will only send PDCP packets to the UE that were not received by the UE in the source cell.
Step 10:	The UE distinguish PDCP packets received from source and target cell.
Step 11:	Source eNB sends an SN Status Transfer message to the target eNB when the transmission/reception to/from the UE has ended, indicating the uplink/downlink PDCP SN receiver/transmitter status.
Step 12:	UE detach from source cell when the connection procedure to the target cell is completed.
Step 13:	Target eNB informs source eNB to release UE Context.

Note: As an alternative to source eNB starts packet data forwarding in step 5 (i.e. after sending Handover Command to the UE), the target eNB may indicate to the source eNB when to start packet data forwarding. I.e. the packet data forwarding may start at a later stage in the Handover Execution phase, e.g. when the UE performs random-access in the target cell. By starting the packet data forwarding in the source eNB at a later stage, the number of duplicated PDCP packets received by the UE from the target cell will potentially be less and by that the DL latency will be somewhat reduced. However, starting the packet data forwarding at a later stage in the Handover Execution phase is also a trade-off between robustness and reduced latency if e.g. the connection between the UE and the source eNB is lost before the connection to the target eNB is established. In such case there will be a short interruption in the DL data transfer to the UE.
[bookmark: _Hlk528228646]As can be seen in Figure 1, the UE may (for a short while after completing the handover) simultaneously receive PDCP packets from both the source cell and the target cell. That is, the UE need to maintain two RLC/MAC entities and two security KEYs during this transition period, one RLC/MAC entity and one security KEY corresponding to data transmission/reception with the source cell and one RLC/MAC entity and one security KEY corresponding to data transmission/reception with the target cell, see example in Figure 2 below.
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Figure 2 UE protocol stack to support 0ms HO interruption time

[bookmark: _Hlk528744209][bookmark: _Hlk528744317]As shown in Figure 2, two RLC/MAC entities are connected to a single PDCP entity in the UE. Consequently, whenever a PDCP packet is received, the UE need to identify which PDCP packet originates from which cell (source or target cell) so that it can decipher packets correctly using either the security KEY from the source eNB or the security KEY from the target eNB. Since the PDCP entity knows the origin of a PDCP packet based on which RLC entity delivers the packet (RLC_S or RLC_T, see Figure 2), it also knows which security KEY to use for deciphering.
[bookmark: _Hlk528744446]This also implies that duplication detection and packet re-ordering is done in the single PDCP entity, i.e. as in “normal operation” when the PDCP entity is served by a single RLC/MAC entity.
Based on the above analysis, we propose the following:
[bookmark: _Toc528230368][bookmark: _Toc528240946][bookmark: _Toc528760042]The enhanced MBB procedure in Rel-16 is based on UEs supporting dual Tx/Rx chains.
[bookmark: _Toc528230369][bookmark: _Toc528240947][bookmark: _Toc528760043][bookmark: _GoBack]To achieve seamless handover, the UE keeps the connection to the source cell until the connection with the target cell is completed.
[bookmark: _Toc528230370][bookmark: _Toc528240948][bookmark: _Toc528760044]The UE maintains two RLC/MAC entities during a short transition period when DL data can be received from both source cell and target cell.

Conclusion
In section 2 we made the following observations:
Observation 1	Make-before-break (MBB) introduced in LTE Rel-14 is designed for UEs with single Tx/Rx chain and only supports intra-frequency handover.
Observation 2	In MBB, due to the single Tx/Rx chain, the UE releases the connection with the source cell before the connection with the target cell is ready for packet transmission/reception
Based on the discussion in the previous sections we propose the following:
Proposal 1	The enhanced MBB procedure in Rel-16 is based on UEs supporting dual Tx/Rx chains.
Proposal 2	To achieve seamless handover, the UE keeps the connection to the source cell until the connection with the target cell is completed.
Proposal 3	The UE maintains two RLC/MAC entities during a short transition period when DL data can be received from both source cell and target cell.

[bookmark: _In-sequence_SDU_delivery]References
RP-181475, New Work Item on even further Mobility enhancement in E-UTRAN
	1/2	
image2.png
Source N, Packet data forwarding over X2 Torget eNg
SN xo1, 02, 543

[poce | | L > [poce |

RLC RLC
MAC MAC
PHY PHY

POCP SN
status report
SNoet SNexe2, 113





image1.png
UE

Source eNB Target eNB
1. Measurement reports
- 2. Handover Request
3. Handover Request Ack
4. RRC Conn. Reconfig incl “Enhanced MBB indicator”
5. Packet data forwarding N
7. UL/DL packet data
R L R e |
8. Synchronization and rafdom access
9. RRC Conn. Reconfig qomplete
DL packet data (ciphered with source KEY)
11. SN Status Transfer
__________________________________________ N
13. UE Context Release





