3GPP TSG-RAN WG2 Meeting #93bis


R2-162411
Dubrovnik, Croatia, 11 – 15 April, 2016
Agenda item:
8.6.2
Source: 
Huawei, HiSilicon
Title: 
Support of Simultaneous Data Transmission in the Source and Target Sides
Document for:
Discussion and Decision
1 Introduction

In RAN#71 meeting, a new WI “Further mobility enhancements in LTE” [1] was approved:
· To study following aspects and specified identified solution(s) to minimize service interruption in mobility events  for both ideal and non-ideal backhaul scenarios, including [RAN2/RAN3]:

· Make before break for mobility event e.g. handover in case of DC and CA or SCG change 
· Potencially down select between solution 1(RACH-less handover) and solution 2 (Maintaining Source eNB Connection during Handover) in section 8.3 of TR 36.881v050.
In this paper, we will focus on the topic and attempt to analysis possible solutions.
2 Discussion

During the existing handover procedure, the SN Status Transfer procedure and data forwarding can be sent followed RRC Connection Reconfiguration message. The SN STATUS TRANSFER message (including  Receive Status Of UL PDCP SDUs, UL COUNT Value and DL COUNT Value IEs) to the target eNB to convey the uplink PDCP SN receiver status and the next downlink PDCP SN of E-RABs for which PDCP status preservation applies (i.e. for RLC AM). The Receive Status Of UL PDCP SDUs, UL COUNT Value and DL COUNT Value can only be generated after the source eNB stopping the data transmission.
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Figure 1: Data Interruption if connection with source eNB is maintained during handover
As proposed in [2], the data transmission in the source eNB is stopped upon the UE performing successful RACH at the target eNB. However, since the SN Status Transfer and data forwarding can only be performed after source eNB stopping data transmission, the data interruption is still there as shown in the Figure 1. 
The data interruption is caused by transmission of SN Status Transfer procedure and data forwarding. The delay can be several ten milliseconds which depend on backhaul. Currently accessing to target cell and data forwarding are performed in parallel. This means only enhancement in the air interface has no gain or limited gain on reducing data interruption without considering enhancement in network side. Furthermore, compared with traditional handover, the interruption occurs in the target eNB. Considering that generally the target cell has good signal strength and the interruption may cause significant user data throughput loss. One possible solution that is not to restrict that the source connection is always released at the time of RACH success and allowing simultaneous data transmission in source and target sides during and even after handover can solve the problem efficiently, seeing as below:
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Figure 2: Simultaneous data transmission in source eNB and target eNB
Moreover, similar arguments as discussed in DC [3] are also applicable in this case, i.e., (1) should spare resources: when retransmissions are ongoing for an RLC PDU, it would be best to finish transmitting that RLC PDU instead of starting from scratch in the new cell. Similarly, if segments of a PDCP PDU have already been transmitted in the old cell, it would be best to transmit the last segments as well. (2) fast: the retransmissions should be performed as quick as possible. Therefore, we suggest:
Proposal 1: Remove the restriction that the connection with the source eNB is always released at the time of RACH success and allow simultaneous data transmission in the source and target sides.

2.1 
Handover to a non-serving Cell
Solutions of simultaneous data transmission for intra-eNB Handover

There are two possible alternatives to support simultaneous data transmission in the source cell and target cell without any data transmission interruption.

· Alternative 1: Soft PCell Change for intra-eNB handover;

· Alternative 2: Aggregation in PDCP reordering layer.

Alternative 1 of simultaneous data transmission in the SeNB and TeNB as shown in the Figure 3, which is called as soft PCell change in this paper.
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Figure 3: Soft PCell Change for intra-eNB handover (Alternative 1)

The alternative 1 involves three steps: addition of the target cell as SCell, change of the SCell to be PCell without handover, and removal of source cell. During this period, the data can be transmitted in both source cell and target cell as carrier aggregation even after handover. During the step 2, the corresponding L2 entities are not reset/re-established and the security key is not refreshed. Change of SCell to PCell without handover can also be applied to mobility enhancement of CA case. The source cell is released in case of it is not available e.g. based on measurement report.
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Figure 4: Aggregation in PDCP reordering layer (Alternative 2)

In the alternative 2, upon handover, the target cell is configured as a serving cell with separate PHY, MAC, RLC and PDCP (expect PDCP reordering). Simultaneous data transmission in both source cell and target cell is allowed by common PDCP reordering layer. The source cell is released in case it is not available e.g. based on measurement report.
Solutions of simultaneous data transmission for inter-eNB Handover

If the simultaneous data transmission in the SeNB and TeNB is for the same bearer, the protocols in UE are same with the alternative 2 of intra-eNB (Figure 3). In this case, simultaneous data transmission in the SeNB and TeNB during and after handover is performed which is similar as dual connectivity. The source eNB could keep data transmission from/to the UE until there is no buffered data at all in the source eNB side. In this solution, the data forwarding may be not needed. The data interruption can be reduced to be ‘zero’.
Since the simultaneous data transmission during handover can reduce the data transmission interruption to be ‘zero’, it makes sense to consider and specify possible solutions to support simultaneous data transmission in source and target side during handover.
Proposal 2: Consider possible solutions to support simultaneous data transmission for handover to a non-serving cell.
2.2
Handover to a serving cell

[image: image5.emf]Cell1: PCell

Cell2: SCell

PCell is changed to Cell2

PCell

SCell 

Cell 1

Cell 1

Cell 2

Cell 2


Figure 5: The target cell is one serving cell (e.g. SCell in CA)
In this case, the UE already has the available TA to the target cell. It is unnecessary that the UE initiates the RACH procedure to the target cell.
Proposal 3: The UE shouldn’t perform RACH procedure if the target cell is one serving cell.
The serving cells remain unchanged. The impact to data transmission due to mobility can be decreased to minimum degree if the L2 entities are not reset/re-established. It does not bring additional complexity. Moreover, since the PDCP COUNT is not reset, in theory the key refresh is unnecessary without security degradation.
Proposal 4: The L2 entities are not reset/re-established and the security key is not refreshed if the target cell is one serving cell.
3 Conclusion

In this paper we focus on the solution 2 on mobility enhancement WI and proposal:
Proposal 1: Remove the restriction that the connection with the source eNB is always released at the time of RACH success and allow simultaneous data transmission in the source and target sides.

Proposal 2: Consider possible solutions to support simultaneous data transmission for handover to a non-serving cell.

Proposal 3: The UE shouldn’t perform RACH procedure if the target cell is one serving cell.
Proposal 4: The L2 entities are not reset/re-established and the security key is not refreshed if the target cell is one serving cell.
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