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1. Introduction 
The objective of WI RP-181475 (Even further Mobility enhancement in E-UTRAN) is given below.

The main objectives of this work item are to do the following enhancements:
· Specify further enhancements to achieve following targets, [RAN2/3]

· reduce user data interruption during handover, which targets as close as possible to 0ms, i.e. relaxed requirements could be considered. 

· improve the robustness during handover,

· Specify necessary core requirements for the identified solutions [RAN4]

The work is split into two phases:

· Study Phase, to evaluate the proposed solutions, e.g. simultaneous connectivity with both source and target eNB, conditional handover and enhancements to make-before-break, including support of carrier aggregation in source and carrier aggregation in target eNB during handover, and do down selection or merger, if necessary.

· Work Phase, to specify the chosen solution(s)

Note: The following cases are considered in above objectives.

- Inter and intra frequency handover

- Inter and intra eNB handover

- Sync and async deployments
In this document, we will discuss various aspects of what is definition of service interruption during HO, Mobility enhancements procedures to reduce interruption time “close to 0ms” and how to improve HO reliability/robustness will be discussed in R2-1814207.
2. Discussion 

2.1 Service Interruption during HO procedure: 
One of key objective of R16 LTE Mobility Enhancements is to reduce user data (user plane) service interruption time to as close as possible to “0ms”. 

From 36.331, section 5.1.2.1.2, Interruption time during HO is defined as follows 

The interruption time is the time between end of the last TTI containing the RRC command on the old PDSCH and the time the UE starts transmission of the new PRACH when UE is configured with normal or make-before-break handover, or the time the UE starts transmission of new PUSCH when UE is configured with RACH-less or combination of make-before-break and RACH-less handover, excluding the RRC procedure delay. This requirement applies when UE is not required to perform any synchronisation procedure before transmitting on the new PRACH or on the new PUSCH.
In 36.881, the service interruption time in handover (i.e. the handover interruption) is defined as the duration between the time when UE stops transmission/reception with the source eNB and the time when the target eNB resumes transmission/reception with the UE 

In R16 LTE Mobility Enhancements procedures, user data service interruption during HO depends on 

1)  How different UEs with different RF chain capabilities (Ex: Dual Rx/Dual Tx, Dual Rx/Single Tx, Single Rx/Single Tx RF Chains) receive and transmit data during HO procedure and 
2)  How network implements DL & UL data transmission from Source and Target eNBs during HO execution procedures to reduce user plane service interruption. 
Due to different UEs (having different RF chain capabilities) and Network implementation of handling data transmission/reception during HO execution procedure, it is possible that DL and UL user plane service interruption is not going to be same and it is desirable to clarify what is definition of DL and UL user plane service interruption separately during HO procedure. Having clear idea about what is definition of DL and UL service interruption time during HO procedure will help to define clear HO procedure enhancements and performance requirements as well.
Observation 1. Due to different UE Rx/Tx chain capabilities and Network implementation of HO procedures, it is possible to have different service interruptions for DL and UL during HO procedure.
Proposal 1.  For UL Interruption (i.e UL interruption time >= 0ms), it is the duration between time when UE stops transmission with the source eNB and the time when the UE resumes data transmission to the target eNB. 
Proposal 2.   For DL Interruption (i.e DL interruption time >= 0ms), it is the duration between time when UE stops reception of data from the source eNB and the time when the UE starts reception of data from target eNB 

2.2 R16 LTE Mobility Enhancements considerations:
In order to meet user plane service interruption time as close as possible to “0ms” and to improve the HO reliability and robustness, we need to consider R16 LTE HO enhancements by taking following points into consideration.

· Minimize specification work and leverage existing R15 LTE HO procedures as much as possible

· HO enhancements applicable for Intra & Inter Frequency, Sync and Async network deployments

· Provide flexibility for UE and Network implementation

· Allow fast & easy deployment of HO implementation (with simple NW enhancements)
· Commercial LTE networks does not have any active LTE DC-based deployments 
· LTE deployments cases of Macro only, Small Cell only, Macro + Small Cell etc.
To meet above mentioned key considerations, it is natural choice to consider further HO enhancements based on R14 specified LTE Make Before Break (MBB) HO procedure.  

In order to meet close to “0ms” HO interruption delay, it is desirable for UE to maintain the link with Source until the link at target eNB is successfully established.
Observation 2. Close to “0 ms” interruption during HO requires the UE to maintain the link to the source cell until the link at the target cell is successfully established.

Proposal 3.   RAN2 should consider enhancements for legacy R14 LTE MBB HO as key evolution solution to meet objectives of R16 LTE HO enhancements. 

Proposal 4.   Enhancements for make-before-break HO shall be applicable for Intra & Inter Frequency, Sync & Async deployment scenarios
RAN based HO enhancements are agnostic of type of core network connectivity (EPC vs 5GC). For Intra 5GC, Inter RAT HO scenarios between E-UTRA/5GC (Option 5) and NR (Option 2), it is good to discuss any additional RAN HO enhancements for E-UTRA/5GC along with NR Mobility enhancements for harmonizing additional mobility enhancements and to facilitate smooth inter-working between Option 5 and Option 2 RATs. Hence in this LTE WI, we prefer focus LTE Mobility enhancements w.r.t EPC Core network connectivity.
Proposal 5.   In current LTE WI, RAN2 should mainly focus on enhancements to LTE Mobility procedures for E-UTRAN (i.e LTE Connected to EPC)
R14 LTE MBB HO procedure has following limitations:

LTE R14 MBB HO mechanism is based on maintaining simultaneous connection to the source and target cell during HO. However, it has the below limitations and is not an optimal solution to achieve close to “0ms” Interruption HO: 

· Does not clearly specify when UE can switch from Source to Target eNB for DL/UL data transfer

· How Single Stack LTE UE can maintain simultaneous DL/UL data transfer with Source eNB and at the same time configure & switch L2 stack from Source to Target eNB without any user plane interruption 

· Limited only for Intra Frequency, Synchronous and same bandwidth carrier frequency for both Source and Target eNBs

· There is no clear mechanism defined for how long Source eNB will continue to transfer DL data during HO execution

· How DL Data transfer can be handled without interruption (& reliably) during PDCP Anchor switch from Source to Target eNB 

· HO reliability & robustness enhancements are not considered

The proposed high level procedure and call flow for enhanced HO procedures using the ‘make-before-break’ solution for R16 LTE HO is shown in the figure 1 and 2 below. 
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Figure 1 : UE/ Network stack and data flow - Enhanced ‘make-before-break’ LTE HO (EPC Core)
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Figure 2: Enhanced ‘make-before-break’ HO procedures – LTE HO (EPC Core)
Below are the key enhancements to the LTE MBB HO procedures to support “close to 0ms” Interruption HO:

· At step 7, upon receiving the ‘make-before-break’ HO indication, UE maintains the connection to the source cell even while establishing the connection to the target cell. That is, the UE can Tx/Rx data via the source cell between step 7-10 without any interruption. And after step 10, UE has the target link available for data Tx/Rx similar to the regular HO procedure. 

· Once the connection setup with the target eNB is successful, i.e. after step 10 RACH procedure, UE maintains one common PDCP entity, dual RLC/MAC/PHY stacks separately for the source and target eNB links. After step 10, UE transmits the UL data on the target cell similar to the regular HO procedures using the target eNB security keys. There is no need for UL data duplication to both nodes and it avoids UE Power splitting between 2 nodes and also simplifies UE implementation.

· After UE sends RRC Connection Reconfiguration message, Target eNB will send X2 data forwarding indication (step 11) to source eNB and Source eNB PDCP PDUs will be duplicated towards Target eNB (via X2 UP). Target eNB PDCP will encrypt data received from Source eNB.   UE can receive DL data from both source and target links simultaneously before source eNB connection is released. This could happen if the source eNB retransmits the PDUs not Acked by RLC or duplicates the PDCP PDUs sent over X2 to the target eNB. Optionally (based on NW implementation) duplicating DL data transmission from both nodes during HO execution provides helps to reduce DL data interruption during HO execution (also helpful for additional link reliability and reduces latency of DL data delivery i.e when one link is poor and without waiting for re-transmission delay, the other link can deliver the same data faster without re-transmission) .Thus, the UE needs to maintain the security context for both source eNB and target eNB until the source eNB release request is received. UE can differentiate the security key to be used for a PDCP PDU based on the RLC/MAC/PHY stack from which the PDU is received (Shown in Figure 2 below).

· Also, UE can transmit a PDCP Status Transfer message to the target eNB as soon as the target link is setup (at step10), to assist the target eNB PDCP entity with reordering.

· UE releases the source eNB connection as per the notification from the target eNB. This makes the UE behaviour deterministic and provides flexibility about the source eNB release trigger events to the network implementation.
· Enhancements for failure handling and ping-pong handling need to be further discussed once RAN2 agrees frame work for HO enhancements

Proposal 6.  LTE MBB HO procedures are enhanced as follows to enable “close to 0 ms” interruption HO: 
· Source cell indicates the UE to follow ‘enhanced make-before-break’ handover procedures in the RRC Connection Reconfiguration message sent to the UE. 
· Upon receiving RRC Connection Reconfiguration message, dual stack UE maintains the connection (i.e. data Tx/Rx) to the source cell while establishing the connection (i.e. sync, access) to the target cell. 
Proposal 7. During HO execution phase, the following procedure should be supported as part of MBB HO enhancements 
· Upon UE transmission of RRC Connection Reconfiguration complete message to Target eNB, UE shall start DL data reception from both Source and Target eNB. 
· Once Target eNB receives RRC connection Reconfiguration Complete message form UE, it sends X2 data forwarding indication to Source eNB to trigger DL data forwarding from Source to Target eNB via X2-U interface.
· Target eNB PDCP encrypts data (using Target eNB security keys) received from Source eNB and Target eNB starts scheduling DL data 
Proposal 8.   Optionally DL data can be duplicated from both source and target eNBs during HO execution phase to reduce any DL interruption due to DL data forwarding on X2 interface

Proposal 9.   Upon transmission of RRC Connection Reconfiguration Complete message to Target eNB, UE uses the target cell connection for transmitting new UL data. 

Proposal 10. Once Target eNB starts scheduling DL data to UE then Target eNB initiates Source eNB connection release to UE 

Proposal 11. Upon successful DL path switch procedure, Target eNB will send X2 message to source eNB to release UE context at source eNB. 
In order to support R16 enhancements for Make-before-break, following UE features are considered.
· Dual Rx/Dual Tx UE, Dual Rx/Single Tx, Single Rx/Single Tx options (needs TDM mechanism and needs further detailed study)
· Single PDCP layer per DRB is associated with Dual RLC, PHY, MAC from Source & Target eNBs during HO only
· Single UE PDCP layer able to handle 2 different Security Keys (one from Source eNB & other from Target eNB) during HO 
· PDCP Sequence Number can continue after HO for AM/UM bearers (loss less HO support)
· Support for both Intra & Inter frequency Inter eNB HO 
· Support both Sync & Async eNB HO.
Proposal 12. In order to support R16 enhancements for Make-before-break HO, following UE features are considered. 
·   Dual Rx/Dual Tx UE, Dual Rx/Single Tx, Single Rx/Single Tx options (needs TDM mechanism and needs further detailed study).
·   Single PDCP layer per RB is associated with Dual RLC, MAC, PHY (one from Source eNB & other from Target eNB) during HO only. 
·   Single UE PDCP layer is able to handle 2 different Security Keys (one from Source eNB & other from Target eNB) during HO. 
·   PDCP Sequence Number can continue after HO for AM/UM bearers (loss less HO support). 
·   Support for both Intra & Inter frequency Inter eNB HO. 
·   Support both Sync & Async eNB HO.

3. Conclusion

In this contribution, we discussed various proposals about how to enhance R16 LTE HO procedures to reduce HO interruption latency close to 0ms and to improve HO robustness. 
Observation 1.
Due to different UE Rx/Tx chain capabilities and Network implementation of HO procedures, it is possible to have different service interruptions for DL and UL during HO procedure.
Observation 2.
Close to “0 ms” interruption during HO requires the UE to maintain the link to the source cell until the link at the target cell is successfully established.


Proposal 1.
For UL Interruption (i.e UL interruption time >= 0ms), it is the duration between time when UE stops transmission with the source eNB and the time when the UE resumes data transmission to the target eNB.

Proposal 2.
For DL Interruption (i.e DL interruption time >= 0ms), it is the duration between time when UE stops reception of data from the source eNB and the time when the UE starts reception of data from target eNB

Proposal 3.
RAN2 should consider enhancements for legacy R14 LTE MBB HO as key evolution solution to meet objectives of R16 LTE HO enhancements.

Proposal 4.
Enhancements for make-before-break HO shall be applicable for Intra & Inter Frequency, Sync & Async deployment scenarios

Proposal 5.
In current LTE WI, RAN2 should mainly focus on enhancements to LTE Mobility procedures for E-UTRAN (i.e LTE Connected to EPC)

Proposal 6.
LTE MBB HO procedures are enhanced as follows to enable “close to 0 ms” interruption HO:

· Source cell indicates the UE to follow ‘enhanced make-before-break’ handover procedures in the RRC Connection Reconfiguration message sent to the UE.

· Upon receiving RRC Connection Reconfiguration message, dual stack UE maintains the connection (i.e. data Tx/Rx) to the source cell while establishing the connection (i.e. sync, access) to the target cell.

Proposal 7.
During HO execution phase, the following procedure should be supported as part of MBB HO enhancements

· Upon UE transmission of RRC Connection Reconfiguration complete message to Target eNB, UE shall start DL data reception from both Source and Target eNB.

· Once Target eNB receives RRC connection Reconfiguration Complete message form UE, it sends X2 data forwarding indication to Source eNB to trigger DL data forwarding from Source to Target eNB via X2-U interface.

· Target eNB PDCP encrypts data (using Target eNB security keys) received from Source eNB and Target eNB starts scheduling DL data

Proposal 8.
Optionally DL data can be duplicated from both source and target eNBs during HO execution phase to reduce any DL interruption due to DL data forwarding on X2 interface

Proposal 9.
Upon transmission of RRC Connection Reconfiguration Complete message to Target eNB, UE uses the target cell connection for transmitting UL new data.

Proposal 10.
Once Target eNB starts scheduling DL data to UE then Target eNB initiates Source eNB connection release to UE

Proposal 11.
Upon successful DL path switch procedure, Target eNB will send X2 message to source eNB to release UE context at source eNB.

Proposal 12.
In order to support R16 enhancements for Make-before-break HO, following UE features are considered.

· Dual Rx/Dual Tx UE, Dual Rx/Single Tx, Single Rx/Single Tx options (needs TDM mechanism and needs further detailed study).

· Single PDCP layer per RB is associated with Dual RLC, MAC, PHY (one from Source eNB & other from Target eNB) during HO only.

· Single UE PDCP layer is able to handle 2 different Security Keys (one from Source eNB & other from Target eNB) during HO.

· PDCP Sequence Number can continue after HO for AM/UM bearers (loss less HO support).

· Support for both Intra & Inter frequency Inter eNB HO.

· Support both Sync & Async eNB HO.
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