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1. Introduction 
During RAN2#104, following offline discussion was agreed.
[104#61][LTE/feMOB]  Solution directions for minimizing user data interruption for UL/DL: 
Discuss the details of potential solution directions for split and non-split bearers and compare the solutions. Proponents should indicate the assumptions on UE (e.g. RF requirements). Consider at least the evaluation metrics agreed last time, RLM, data forwarding, user data interruption, RF requirements (e.g. 2Rx/2Tx).
Following is high level summary of offline#61 discussion:
· There seems to be a clear majority of non-split bearer supporters. Split-bearer had also several supporting companies, but clearly the minority. Thus, it is proposed to progress further with the non-split bearer group of solutions.

· Regarding the common details of the non-split bearer solution:

· All companies seem to be OK with SN assignment done at the source eNB

· Most companies think RoHC and remaining PDCP tasks shall be then executed at the target node 

· Detach from the source: most companies seem to favour the explicit deconfiguration of the source (either from the UE or the target eNB). The details can differ for single active protocol stack and two active protocol stacks (Stage 3 details).

· Two security keys are maintained for two active protocol stacks (i.e. no key transfer over X2/ the same key is not used by two nodes, etc.)

· FFS points for non-split bearer solution with a single protocol stack active at a time:

· Whether simultaneous transmission or reception to/from more than one cell (including RA procedure) is needed

· Stage 2 and Stage 3 details for detach from the source and data forwarding 

· FFS points for non-split bearer solution with dual protocol stacks active at a time

· Stage 2 and Stage 3 details for detach from the source

· Whether simultaneous transmission and reception to/from more than one cell is needed (the answer is likely YES, as otherwise the expense of two protocol stack active would be in vain). Obviously, this is very much depending on the awaited answers from RAN1 and RAN4, so could be challenging to completely resolve it now

· Data forwarding, subject to RAN3 decisions, but it is worth mentioning there are several different approaches presented in this RAN2 thread: 1. after the HO command 2. after the RA procedure 3. after the HO complete. In addition, several Solutions assume there is an explicit indication (either from the target eNB or from the UE), triggering such forwarding.
In this document, we will start discussing about non-split bearer architecture based MBB mobility enhancements and also addressing our views on “FFS points for non-split bearer solution with dual protocol stacks active at same time”.

2. Discussion 

2.1 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. As per RAN2#104, offline discussion 61, there is clear majority to peruse non-split bearer architecture as baseline for R16 LTE Mobility enhancements.
In order to meet close to “0ms” HO interruption delay, it is desirable for UE to maintain the link with source eNB atleast until the link at target eNB is successfully established.
Observation 1. 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.   RAN2 should agree enhancements for legacy R14 LTE MBB HO (using non-split bearer architecture) as key evolution solution to meet objectives of R16 LTE HO enhancements. 

Proposal 2.   Enhancements for make-before-break HO shall be applicable for Intra & Inter Frequency, Sync & Async deployment scenarios based on RAN4 LS response
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 single Tx/Rx chain, 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. This procedure is built based on “non-split bearer” architecture.
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Figure 1 : UE/ Network stack and data flow - Enhanced ‘make-before-break’ LTE HO (EPC Core) for using non-split bearer architecture
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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 (non-split bearer architecture) 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 has established SRBs and DRBs with target eNB and target eNB will be responsible for RRC signalling handling. Source eNB is responsible for RRC connection control until UE successfully performs HO to target eNB. UE keeps SRB and DRB configuration for source cell until source eNB is released by UE.
·  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 user plane 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 SDUs with or without PDCP SN (as function of source eNB buffer management implementation) will be duplicated towards target eNB (via X2 UP). Target eNB PDCP will compress and 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 SDUs sent over X2 to the target eNB. Optionally (based on NW implementation) duplicating DL data transmission from both nodes during HO execution 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 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). Upon receiving DL data packets from both source and target eNB links, UE common PDCP will apply re-ordering and duplicate detection/discard function similar to the split bearer operation. UE common PDCP will have to maintain separate ROHC context for each eNB during HO. To simplify UE implementation, one possibility is UE maintains ROHC context only with source eNB during HO execution and target eNB ROHC context will be established only after releasing connection with source eNB. This means target eNB will enable its ROHC context only after releasing source eNB connection for UE through RRC signalling in step 17a & c.
· 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 explicit RRC signalling notification received from the target eNB. This makes the UE behaviour deterministic and provides flexibility about the source eNB release trigger events to the network implementation.
Proposal 3. 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 4. Source eNB is responsible for UE RRC connection control until UE’s successful HO completion to target eNB and target eNB takes control of UE’s RRC connection control after receiving RRC Connection Reconfiguration Complete message from UE.

Proposal 5. During HO execution phase, the following procedure should be supported as enhancements for non-split bearer architecture based MBB HO  
· 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 using non-split bearer architecture from source to target eNB via X2-U interface.
· Target eNB PDCP performs encryption  (using target eNB security keys) and ROHC compression on PDCP SDUs received from source eNB and target eNB starts scheduling DL data 
· For DL data received from both source and target eNB, UE common PDCP applies re-ordering and duplicate detection & discard function.
Proposal 6.   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 7.   Upon transmission of RRC Connection Reconfiguration Complete message to target eNB, UE uses the target cell connection for transmitting new UL data. (i.e no need of simultaneous UL PUSCH data transmission/duplication to both eNBs)
Proposal 8. RAN2 should send an LS to RAN3 about how to handle X2 interface data forwarding during HO execution 
Proposal 9. Once target eNB starts scheduling DL data to UE then target eNB sends explicit RRC signalling to UE to release source eNB connection.  

Proposal 10. 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 based on RAN4 LS reply)
· Single PDCP layer per DRB is associated with dual RLC, PHY, MAC from source & target eNBs during HO only
· Single UE PDCP layer should be able to handle 2 different security keys and separate header compression states (one from source eNB & other from target eNB) during HO. Common PDCP buffer is used to perform received packets re-ordering and duplicate detection & discard functions. If target eNB does not start ROHC compression for DL data transmission until source connection is released, then there is no need for UE to handle source and target eNB ROHC context simultaneously. 
· PDCP sequence number can continue after HO for AM bearers using delta configuration (loss less HO support) and for UM bearers.
· Support for both Intra & Inter frequency Inter eNB HO 
· Support both Sync & Async eNB HO.
Proposal 11. 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 discussion based on RAN4 LS reply).
·   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) and common PDCP buffer for re-ordering and duplicate detection & discard during HO. 
·   PDCP sequence number can continue after HO for AM bearers using delta configuration (loss less HO support) and for UM bearers. 
·   Support for both Intra & Inter frequency Inter eNB HO. 
·   Support both sync & async eNB HO based on RAN4 LS response
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. 
Observation 1.
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.
RAN2 should agree enhancements for legacy R14 LTE MBB HO (using non-split bearer architecture) as key evolution solution to meet objectives of R16 LTE HO enhancements.
Proposal 2.
Enhancements for make-before-break HO shall be applicable for Intra & Inter Frequency, Sync & Async deployment scenarios based on RAN4 LS response
Proposal 3.
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 4.
Source eNB is responsible for UE RRC connection control until UE’s successful HO completion to target eNB and target eNB takes control of UE’s RRC connection control after receiving RRC Connection Reconfiguration Complete message from UE.
Proposal 5.
During HO execution phase, the following procedure should be supported as enhancements for non-split bearer architecture based MBB HO
· 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 using non-split bearer architecture from source to target eNB via X2-U interface.
· Target eNB PDCP performs encryption  (using target eNB security keys) and ROHC compression on PDCP SDUs received from source eNB and target eNB starts scheduling DL data
· For DL data received from both source and target eNB, UE common PDCP applies re-ordering and duplicate detection & discard function.
Proposal 6.
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 7.
Upon transmission of RRC Connection Reconfiguration Complete message to target eNB, UE uses the target cell connection for transmitting new UL data. (i.e no need of simultaneous UL PUSCH data transmission/duplication to both eNBs)
Proposal 8.
RAN2 should send an LS to RAN3 about how to handle X2 interface data forwarding during HO execution
Proposal 9.
Once target eNB starts scheduling DL data to UE then target eNB sends explicit RRC signalling to UE to release source eNB connection.
Proposal 10.
Upon successful DL path switch procedure, target eNB will send X2 message to source eNB to release UE context at source eNB.
Proposal 11.
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 discussion based on RAN4 LS reply).
· 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) and common PDCP buffer for re-ordering and duplicate detection & discard during HO.
· PDCP sequence number can continue after HO for AM bearers using delta configuration (loss less HO support) and for UM bearers.
· Support for both Intra & Inter frequency Inter eNB HO.
· Support both sync & async eNB HO based on RAN4 LS response
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