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1 Introduction

In the RAN2#105 meeting, it was agreed to specify the “non-split bearer” candidate solution for the Rel-16 E-UTRA enhancements minimizing the interruption time during mobility. In this paper, we try to discuss how to support non-split bearer handover in RAN3.
2 Discussion
In RAN2#105 meeting RAN2 made the following agreements.

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.

Both single active protocol stack and two active protocol stacks need UE to support simultaneous transmission/reception, so the corresponding requirement of UE capability such as dual RF chain and dual FFTs are the same. Even there is single active protocol stack, UE has to equip dual protocol stacks to minimize HO interruption time. And the single active protocol stack cannot achieve 0ms interruption time considering protocol stack switching, potential msg3 retransmission and failure handling. The difficulty in achieving 0ms interruption time is in UE implementation, especially in simultaneous transmission/reception. Since the two candidates have the same requirement of UE capability, i.e. number of protocol stacks, RF chain, FFT, and dual active protocol stacks can achieve 0ms interruption time while single active protocol stack cannot, we think we should focus on dual active protocol stacks for further specification work.

Proposal 1 It is proposed to use two active protocol stacks in enhanced E-UTRAN mobility.
Regarding data forwarding for non-split bearer handover, there are two options on the table, i.e. early and late data forwarding. Early data forwarding is adopted in legacy handover, the data forwarding is performed after handover command is sent to UE. Because once the handover command is sent to UE, the UL and DL data transmission are stopped, so all the left UL and DL data need to be transfer to target eNB. But in non-split bearer solution, the data transmission between UE and source eNB is still going on during and after RACH procedure towards target eNB. This is the key difference that has impact on the design of data forwarding mechanism. The basic early data forwarding procedure is as illustrated in figure 1.
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Figure 1. Early data forwarding

When the data forwarding is executed the SN STATUS TRANSFER message is also needed to be sent to target eNB, because only PDCP SN information is carried in GTP-U extension header so that target eNB can know the whole COUNT value only by an explicit indication included in SN status transfer message. If the available SN status transfer message is not used, a COUNT value may have to be added in the GTP-U extension header, which need more specification changes.

After UE performs RACH procedure successfully, a RACH complete indication needs to be sent to source eNB from target eNB, then a second SN status transfer message can be sent to target eNB to indicate the COUNT value of the first SDU that need to be sent to UE by target eNB. Since after data forwarding is triggered downlink transmission is still going on between UE and source eNB, some forwarded data may have been transmitted successfully by source eNB. To avoid unnecessary duplicated data transmission, it is necessary to indicate a start COUNT value for downlink transmission of target eNB.

Although in legacy handover a PDCP status report can be used to inform the missing PDCP SDU to target eNB from UE, but the same issue exists as in GTP-U extension header that only PDCP SN is indicated in PDCP status report. So there may be a confusion which HFN should be used with the reported missing SN, which means the COUNT value of first missing SDU cannot be determined only by SN information. Because source eNB may have transferred more SDU than that SN range can accommodate, so for one SN number there may be more than one SDU, target eNB cannot know which one is the expected one. Although PDCP status report can be enhanced to include COUNT information, it is better to reuse available message to do the same thing.

Observation 1 In early data forwarding two separate SN transfer messages are needed to be sent to target eNB form source eNB, one for indicating the initial count value, the other one for indicating the first PDU that need to be sent to UE.

Observation 2 The second SN transfer message should be sent after successful RACH to target eNB. 
Observation 3 Legacy PDCP status report cannot provide COUNT information, which may make it difficult to determine which SDU is the expected missing one in case there are more than one SDUs for one SN number.
Late data forwarding should be triggered after successful RACH procedure towards target eNB, the basic procedure is illustrated in Figure 2.
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Figure 1 late data forwarding
After source eNB receives RACH complete indication, it starts to forward data and send SN status transfer message, then the target eNB can start to transmit data to UE from the first forwarded PDCP SDU. The procedure is more like current mechanism except for a new RACH complete indication, less specification impact is foreseen.

Observation 4 In late date forwarding the date forwarding and SN transfer message should both be sent to target eNB from source eNB after successful RACH to target eNB.
From delay perspective these two options are same, because even if data forwarding is performed early, e.g. immediately when the CHO target cells become prepared, target eNB still need to wait the second SN status transfer message to start downlink transmission.

Observation 5 From delay perspective, early data forwarding and late data forwarding are the same.

Base on the analysis above, we can see that

-
Early data forwarding and late data forwarding have the same forwarding delay.
-
There is less specification impact of late data forwarding compared to early data forwarding.
-
In CHO it is considered more suitable to adopt late data forwarding in case of more candidate target cells.
So we have the following proposal
Proposal 2 Adopt late data forwarding in non-split bearer handover, i.e. source eNB starts data forwarding after UE successfully completes RACH to target eNB. 

The same with in LTE Rel-14, it should be the source eNB makes the decision to apply the non-split bearer handover, and the “non-split bearer handover” indication is included in the RRC Container and provided to the target eNB via Handover Request message.
Proposal 3 The source eNB makes the decision to apply the non-split bearer handover and No explicit X2 indication in Handover Preparation procedure is needed.
After UE has established a connection with target eNB, it can keep simultaneous transmission/reception with both source eNB and target eNB. In normal cases when to detach source protocol stack should be under control of network for synchronization between UE and network. An explicit indication from network to UE is needed, and the detailed procedure can be categorized into two options.

Option 1: a release indication is sent to UE by target eNB.

It is possible to send a release indication by target eNB when the data exchange between source eNB and UE has finished, e.g. UE only sends uplink data to target eNB and an end marker has been received by target eNB from source eNB. The UE can release the source stack immediately after receiving the release indication. But target eNB also needs to send a release indication to source eNB to keep network synchronized.

Option 2: a release indication is sent to UE by source eNB.

After UE has performed RACH towards target eNB successfully, the goal of 0ms interruption time during handover is achieved. And source eNB should decides when to stop all the uplink and downlink data transmission itself, e.g. based on real-time channel state information, and send an release indication to UE. In this case the release work can be done accurately in both source eNB side and UE side without any ambiguity. And a release done indication need to be sent to target eNB. But one potential drawback of this option is that the radio quality may be not good enough between UE and target eNB.

Basically the source eNB should have the freedom to decide when to release UE, but a release procedure triggered by target eNB can be still viewed as a supplement way.
Proposal 4 In order to stop UE data transmission in the source side, a new X2 procedure should be defined between source and target eNBs.
3 Conclusion
In this paper, we try to discuss how to support non-split bearer handover and we propose:
Proposal 5 It is proposed to use two active protocol stacks in enhanced E-UTRAN mobility.

Proposal 6 Adopt late data forwarding in non-split bearer handover, i.e. source eNB starts data forwarding after UE successfully completes RACH to target eNB. 

Proposal 7 The source eNB makes the decision to apply the non-split bearer handover and No explicit X2 indication in Handover Preparation procedure is needed.
Proposal 8 In order to stop UE data transmission in the source side, a new X2 procedure should be defined between source and target eNBs.
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