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1   Introduction
The WI “Further mobility enhancements in LTE” [1] was discussed at RAN3#91bis meeting. One open issue left for the further proof [2], i.e. in the make before break solution and the maintaining source eNB connection during handover solution, whether the data forwarding is related to the implementation in both uplink and downlink. In this contribution, we mainly discuss the data forwarding mechanism in the current specification, analyze the uplink and downlink data interruption in the maintaining source eNB connection during handover solution based on the current data forwarding, and give the analysis of uplink and downlink data transmission in the make before break solution.
Note: Both of the maintaining source eNB connection during handover solution and the make before break solution can be used in X2 based handover and dual connectivity. For the sake of simplicity, the analysis in this contribution is only based on X2 based handover. 
2   Discussion
According to the section 8.2.2 in TS36.423 [3], the SN Status Transfer procedure can be used to transfer the uplink PDCP SN and HFN receiver status which includes at least the PDCP SN and HFN of the first missing UL SDU and may include the information on the missing and received UL SDUs, and the downlink PDCP SN and HFN transmitter status which indicates the PDCP SN and HFN that the target eNB should assign for the next DL SDU not having an SN yet, from the source eNB to target eNB in the X2 based handover procedure, for each respective E-RAB for which PDCP SN and HFN status preservation applies. The source eNB sends the SN STATUS TRANSFER message to the target eNB at the timing point when it considers the transmitter/receiver status to be frozen.

Observation 1: The source eNB will send the legacy SN STATUS TRANSFER message to the target eNB only when the source eNB stops the uplink and downlink data transmission with the UE.
For downlink, there is following description about the data forwarding in section 10.1.2.3 of TS 36.300[4]:

	Upon handover, the source eNB may forward in order to the target eNB all downlink PDCP SDUs with their SN that have not been acknowledged by the UE. In addition, the source eNB may also forward without a PDCP SN fresh data arriving over S1 to the target eNB.


Observation 2: As long as there are downlink PDCP SDUs in the buffer with their SN that have not been acknowledged by the UE or there are without PDCP SN fresh data arriving from serving GW over S1, the source eNB will perform downlink data forwarding to the target eNB.
In the X2 based handover procedure, according to the section 10.1.2.1.1 in TS 36.300[4], as soon as the source eNB receives the HANDOVER REQUEST ACKNOWLEDGE, or as soon as the transmission of the handover command is initiated in the downlink, data forwarding may be initiated. While the SN Status Transfer procedure may be done at any timing point between the source eNB receiving the Handover Request Acknowledge message and the source eNB sending the RRCConnectionReconfiguration message, and the specific timing point depends on when the source eNB stops the data transmission with the UE. 
Observation 3: Current specification does not restrict the chronological order of the SN Status Transfer and data forwarding in the downlink, i.e. the data forwarding for downlink may be sent before the SN Status Transfer. 
For the uplink, there is following description about the data forwarding in section 10.1.2.3 of TS 36.300[4].
	Upon handover, the source eNB forwards to the Serving Gateway the uplink PDCP SDUs successfully received in-sequence until the sending of the Status Transfer message to the target eNB. Then at that point of time the source eNB stops delivering uplink PDCP SDUs to the S-GW and shall discard any remaining uplink RLC PDUs. Correspondingly, the source eNB does not forward the uplink RLC context to the target eNB.

Then the source eNB shall either:

-
discard the uplink PDCP SDUs received out of sequence if the source eNB has not accepted the request from the target eNB for uplink forwarding or if the target eNB has not requested uplink forwarding for the bearer during the Handover Preparation procedure,

-
forward to the target eNB the uplink PDCP SDUs received out of sequence if the source eNB has accepted the request from the target eNB for uplink forwarding for the bearer during the Handover Preparation procedure.


Observation 4: Current specification restricts the chronological order of the SN Status Transfer and data forwarding in the uplink, i.e. the data forwarding for uplink should be sent following the SN Status Transfer. 
2.1   Maintaining source eNB connection during handover solution

For the downlink case, on reception of the HANDOVER REQUEST ACKNOWLEDGE message, the downlink data forwarding may happen. In the existing X2 based handover procedure, since the duration between the source eNB receiving the HANDOVER REQUEST ACKNOWLEDGE and the UE receiving the RRCConnectionReconfiguration is not long, the problem of duplicated PDCP PDUs may not be severe. In the maintaining source eNB connection during handover solution, the UE keeps listening to the DL PDCCH and PDSCH channels of the source eNB in the Phase II (i.e. Time interval between UE successfully receiving RRCConnectionReconfiguration including mobilityControlInfo and the UE transmitting the first random access preamble) and Phase III (i.e. Time interval between transmission of the first random access preamble towards the target eNB, and successful establishment of target connection), then the UE should send PDCP Status Report to target eNB once target connection is established, to avoid a mass of duplicated downlink PDCP PDUs.  Then, the downlink transmission from target eNB begins after the target eNB receives the PDCP status report from UE. The data interruption will happen between the UE stopping downlink data reception from the source eNB and UE beginning the downlink data reception from the target eNB, as shown in Figure 1. 
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Figure 1: Downlink data interruption in the maintaining source eNB connection during handover solution

On the other hand, if the downlink data forwarding is delayed until the source eNB stops the downlink data transmission, although it can avoid the problem of many duplicated PDCP PDUs, it will introduce additionally more data interruption caused by the transmission of SN Status Transfer and the downlink data forwarding over X2. 
Observation 5: The downlink data interruption still exists in the maintaining source eNB connection during handover solution.
For the uplink case, the SN Status Transfer message, followed by the uplink data forwarding, is performed after the source eNB stops the uplink data transmission with the UE. The UE will perform the uplink data retransmission to the target eNB until it receives the PDCP Status Report from the target eNB. The data interruption will occur from the UE stopping the uplink transmission with the source eNB until the UE beginning the uplink data transmission to target eNB, as shown in Figure 2. 
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Figure 2: Uplink data interruption in the maintaining source eNB connection during handover solution

Observation 6: The uplink data interruption still exists in the maintaining source eNB connection during handover solution.
2.2   Make before break solution

Different from above maintaining source eNB connection during handover solution (single connectivity based), the make before break solution (Dual connectivity based) allows simultaneous uplink data transmission and downlink data reception with source eNB and target eNB rather than stop uplink data transmission and downlink data reception with the source eNB in phase IV (i.e. Time interval between UE transmitting RRCConnectionReconfigurationComplete message and SGW switching the downlink data path to the target eNB). The source connection will be released until the uplink and downlink data can be transmitted via the MCG bearer instead of the split bearer with the target eNB (i.e. Phase V), as shown in Table 1. 
Figure 3 illustrates the signalling flow of the make before break solution. From CP viewpoint, it requires to establish the necessary resources for the split bearer with the target eNB in the Handover Preparation procedure. Meanwhile, the source eNB and target eNB should exchange their GTP Tunnel Endpoint for the X2 user plane transport connection between them for the split bearer during the Handover Preparation procedure. When the source eNB receives the “end marker” packets from the SGW, it sends the SN Status Transfer message to target eNB, only indicating the PDCP SN and HFN that the target eNB should assign for the next DL PDCP SDU not having SN yet. At the end of the solution, the split bearer shall be released by the target eNB upon reception of the “end marker” packets from the SGW and also released by the source eNB upon reception of the UE Context Release message.
From UP viewpoint: 
· For the downlink case, upon reception of the RRCConnectionReconfiguration message, the source eNB starts to deliver the downlink data to the target eNB via split bearer (i.e. in Phase II). The target eNB can send the downlink data which has already received from the source eNB to the UE via the split bearer until it successfully receives the RRCConnectionReconfigurationComplete message, meanwhile the source eNB keeps the downlink data transmission to the UE (i.e. in Phase IV). When the SGW switches the downlink data path to the target eNB, the target eNB may transmit the downlink data received from the SGW via the S1-U to the UE immediately. The new MCG bearer begins to deliver the data to upper layer of the UE after the old split bearer delivers all data received from the source eNB and the target eNB to the upper layer.
· For the uplink case, upon successful reception of the RRCConnectionReconfigurationComplete message, the UE may start transmitting the uplink data to the target eNB via the old split bearer and the new MCG bearer, meanwhile the UE still transmit the uplink data to the source eNB. The target eNB begins delivering the data to the SGW after the source eNB delivers all data received directly from the UE or transferred by the target eNB ahead.
In this solution, no legacy data forwarding is needed, but uplink and downlink data is split and transmitted. The uplink and downlink data interruption time due to handover can be reduced to zero without any duplication.
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Figure 3: Signalling flow of make before break solution
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Table 1: UL/DL transmission in the make before break solution
Proposal 1: To discuss the make before break solution considering that the uplink and downlink data interruption time due to handover in this solution can be reduced to zero.
3   Conclusion
In this contribution, we discussed the data forwarding mechanism in the current specification, then analyzed the uplink and downlink data interruption in the maintaining source eNB connection during handover solution based on the current data forwarding, finally gave the analysis of uplink and downlink data transmission in the make before break solution. It is proposed RAN3 to agree the following observations and proposal:
Observation 1: The source eNB will send the legacy SN STATUS TRANSFER message to the target eNB only when the source eNB stops the uplink and downlink data transmission with the UE. 
Observation 2: As long as there are downlink PDCP SDUs in the buffer with their SN that have not been acknowledged by the UE or there are without PDCP SN fresh data arriving from serving GW over S1, the source eNB will perform downlink data forwarding to the target eNB.
Observation 3: Current specification does not restrict the chronological order of the SN Status Transfer and data forwarding in the downlink, i.e. the data forwarding for downlink may be sent before the SN Status Transfer. 

Observation 4: Current specification restricts the chronological order of the SN Status Transfer and data forwarding in the uplink, i.e. the data forwarding for uplink should be sent following the SN Status Transfer. 

Observation 5: The downlink data interruption still exists in the maintaining source eNB connection during handover solution.

Observation 6: The uplink data interruption still exists in the maintaining source eNB connection during handover solution.
Proposal 1: To discuss the make before break solution considering that the uplink and downlink data interruption time due to handover in this solution can be reduced to zero.
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