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1. Introduction

The basic signalling flow for the control plane signalling for hand over procedure was captured from 25.813 in the Stage 2 Specifications, however the specifics about avoiding data loss and there by supporting lossless handovers have not yet been addressed in detail. Moreover in 25.912 a section on assessment on u-Plane interruption time during hand over has been captured which states that the relation between RRC signaling and pausing/resuming of the U-plane is yet to be clarified. In this contribution we propose a simple mechanism for coordination between the RRC signaling and pausing/resuming of the U-plane to achieve Lossless/Seamless Intra-LTE Handover.
2. Discussion
The signalling flow for the control plane that was agreed for handover procedure is recapitulated and is taken as the basis for further discussion. The description from draft Stage 2 TS for the signalling sequence is also included.  
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Figure 1 Intra-MME/UPE HO
Below is more detailed description of the intra-MME/UPE HO procedure:

1
UE is triggered to send MEASUREMENT REPORT by the rules set by i.e. system information, specification etc. 

2
Source eNB makes decision based on MEASUREMENT REPORT and RRM information to hand off UE. The eNB prepares target eNB for handover and passes relevant information in the Handover Request.

3
Target eNB prepares HO with L1/L2 and responds to source eNB by providing new C-RNTI and possibly some other parameters i.e. access parameters, SIBs, etc.  After reception of accepted preparation of HO, source eNB starts forwarding data packets to target eNB.

4
UE receives HANDOVER COMMAND with necessary parameters i.e. new C-RNTI, possible starting time, target eNB SIBs etc. It is probable that UE needs to acknowledge reception of the HO COMMAND with RLC acknowledgment procedure.

5
After expiry of starting time in HO COMMAND, UE performs synchronisation to target eNB and then starts acquiring UL timing advance. 

6
Network responds with UL allocation and timing advance.  These are used by UE to send HANDOVER CONFIRM to the target eNB, which completes handover procedure for the UE. It is probable that NW needs to acknowledge reception of the HO CONFIRM with RLC acknowledgment procedure.

7a
Target eNB informs success of HO to source eNB, which can then clear already forwarded data from its buffers. Source eNB still continues forwarding UE data if it has some in its buffers or if UPE still forwards data to it.

7b
UE location information is updated to MME/UPE in order to enable UPE to forward packets directly to target eNB 

It is generally understood that only few DL data packets must be forwarded from source to target eNB for real time services during HO execution, which may result, in the worst case, a loss of single data packet or delayed delivery, both of which could be acceptable. Further it was agreed that the user data would be forwarded from source eNB to target eNB for both real time and non real time during the HO execution phase, rather than applying different mechanisms in a service dependent way. 
The description that follows mainly applies to acknowledge mode RLC although the outer ARQ entity for LTE may not be identical to the RLC in all aspects. Specifics of unacknowledged mode RLC entities employed for real time applications such as VoIP and streaming is also brought out where ever their is a different handling applied as compared to the acknowledge mode entities. 
In order to transfer the context and forward the data to support lossless inter eNB HO , it is necessary that the source eNB is able to synchronize the data transmission status between itself and target data eNB during HO.  This would in turn require that the data flow should be stopped at appropriate instant in time during HO execution phase considering that the interruption time for the user plane data is minimal. In order to fulfil these requirements, the possibility of explicitly stopping the data transmission through additional signalling is ruled out as it would increase the overall HO time. Hence we need to consider the option of implicitly stopping the data transmission in the source eNB and UE at the time of handover execution. Further requirement would be that, whether, RLC SDUs or RLC PDUs based forwarding is finally adopted for LTE, the number of duplicated packets transmitted over the air either by the target ENB or by the UE needs to be minimised.
Considering these requirements, the signalling sequence in Figure 1 could be modified to show the exact timings when the data transmission in DL and UL are stopped as in Figure 2 with the details of the modified sequences described. Following this the discussion about how stopping the data flow would facilitate in achieving the requirements for fast lossless and seamless HO for LTE is presented.
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Figure 2 Intra-MME/UPE HO
1
UE is triggered to send MEASUREMENT REPORT by the rules set by i.e. system information, specification etc. 

2
Source eNB makes decision based on MEASUREMENT REPORT and RRM information to hand off UE. The eNB prepares target eNB for handover and passes relevant information in the Handover Request.

3
Target eNB prepares HO with L1/L2 and responds to source eNB by providing new C-RNTI and possibly some other parameters i.e. access parameters, SIBs, etc.  After reception of accepted preparation of HO, source eNB starts forwarding data packets to target eNB.

4
Before submitting HO Command to the lower layers, the RRC entity in eNB would command the RLC UP entities to stop the DL transmission. The UL reception could continue. In case receiving entities are UM RLC entities, it will reassemble SDUs and transfer them to the upper layers as soon as all PDUs that contain the SDU have been received. As regards the AM RLC entities, if a Piggybacked ACK/NACK feedback is found in an AMD PDU, it is delivered to the Retransmission buffer & Management Unit at the transmitting side of the AM RLC entity, in order to purge the buffer of positively acknowledged AMD PDUs. UE receives HANDOVER COMMAND with necessary parameters i.e. new C-RNTI, target eNB SIBs etc.. 
5
On receiving the HO Command the RRC entity in the UE would command the RLC UP entities to stop the UL transmission. Since the user plane data transmission is stopped in both directions, the source eNB will be able to accurately synchronize the data transmission status between source and target eNB,  DL SDU forwarding could start from any point after this. It is probable that UE needs to acknowledge reception of the HO COMMAND with RLC acknowledgment procedure The UE shall immediately perform synchronisation to target eNB and then starts acquiring UL timing advance.
6
Network responds with UL allocation and timing advance.  These are used by UE to send HANDOVER CONFIRM to the target eNB, which completes handover procedure for the UE. It is probable that NW needs to acknowledge reception of the HO CONFIRM with RLC acknowledgment procedure. After receiving UL/DL allocations form eNB user data transmission can resume in UL at UE and in DL at eNB.
7a
UE location information is updated to MME/UPE in order to enable UPE to forward packets directly to target eNB 
7b   The MME/UPE confirms the HO Complete message with the HO Complete ACK message after performing path switch.
7c
Target eNB informs success of HO to source eNB, which can then clear already forwarded data from its buffers. Source eNB still continues forwarding UE data if it has some in its buffers or if UPE still forwards data to it.

The precise timings that are indicated for stopping the data flow would help in meeting the following requirements.

I. Unified Lossless HO mechanism for both real-time and non real-time services
II. Minimal interruption time for the user plane data.

III. Minimising transmission of duplicate packets by eNB and UE.

Requirement I could be supported by having the RLC entities which are capable of buffering and forwarding the DL data packets form source to target eNB. In the UE the RLC entities would require to buffer the data packets generated by the application after the UL transmission is stopped till, the UE is switched to the target eNB. By implicitly stopping the data flows the source eNB could to synchronize the data transmission status between source and target eNB. This is because the source eNB can know accurately which are  the DL SDU that need to be transferred to the target eNB based on the data in the SDU buffer of AM and UM RLC entities as this remains static after the data flow is stopped
Regarding the requirement II, since there is no explicit (additional) signalling involved for stopping the data flow in the UL as well as DL direction, hence there will be no increase in the interruption time for the user plane data. 

Furthermore, the instance when the DL data is stopped is chosen to be most optimal to have minimum interruption time. If the eNB continues to schedule DL data, the UE will not be able to successfully receive or acknowledge these data packets as, immediately after receiving the HO command, it would try to synchronise with the target cell. Eventually these packets would have to be forwarded to target eNB and will have to be transmitted again through the target eNB resulting in inefficient usage of the air interface bandwidth. One could argue that for real-time services such as VoIP, stopping the data could be detrimental to the service. But it needs to be understood that if eNB continues to transmit DL packets there is no mechanism that they could be recovered if the UE could not receive them while it was trying to synchronise with the target cell. However if data flow is stopped and packet forwarding mechanism is adopted, there is a possibility to eliminate packet loss in DL although there could be a delayed data packet delivery to the UE which could result in just single packet being discarded in the worst case.   But these could be compensated through the play-out buffer.
Similarly if the UE continues to transmit in the UL while trying to gain synchronisation with the target cell, it may not be able to receive acknowledgement from the source eNB and UE would have to again transmit these AM RLC packets in the UL direction to the target eNB resulting in inefficient usage of the air interface bandwidth. For the RT services, packets that are transmitted in the UL direction by the UE while it is trying to gain synchronisation in the target cell, may get lost due to the bad radio conditions in UL and could not be recovered if the data flow is not stopped. Hence it would be beneficial to avoid any packet loss even for real time services in the UL by stopping the UL data flow during HO execution while the delay could be compensated at the receiving end by play out buffer.
Furthermore if the transmission of data continues both in the UL and DL direction after the HO Command is sent by the eNB it would be complicated to synchronize the data transmission status between source and target data eNB because of the dynamic nature of the packets in the SDU buffers at the source eNB and would result in duplicated packets being transmitted again by the target eNB in DL and UE in the UL to ensure lossless HO for NRT service resulting in inefficient usage of the air interface bandwidth. Although there will be inefficient air interface bandwidth usage, the target eNB and UE could ensure lossless HO. However, for real-time services such as VoIP etc using UM mode, data packets transmitted by source and not received correctly at the target, will be lost and cannot be recovered. Hence stopping the data flow for both RT and NRT services in a unified way will help in better resource utilization on the air interface for the NRT Bearers and avoiding the data loss for RT services.
Another advantage of having the definitive time instance for stopping the data flow is that a simplified implicit reordering in the target eNB could be achieved if the forwarded DL data packets from the source eNB on the X2 interface are transmitted first to the UE followed by the data received from the AGW on S1 interface. 
From the above discussion it seems necessary to stop the UL and DL data transmission during the HO execution for both RT and NRT Services to support lossless Inter eNB HO, while aiming to keep the interruption time and transmission of duplicate packet to a minimum.

3. Conclusion
In this paper, we discuss in detail the mechanism for supporting the lossless/seamless inter eNB handover while aiming to keep the interruption time and transmission of duplicate packet to a minimum and simplifying the context transfer and reordering at the target eNB. It is proposed to capture the suggested modifications in the signalling flow and the important points in the discussion section in the Stage 2 TS.
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