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1. Introduction 
During RAN2#104, following agreement was made.

Agreements

1
We aim to consider some form of multiple connectivity during study phase depending on RAN4 reply on applicability to different scenarios.

During RAN2#105, following agreements were made.
Agreements

1
Specify the ”non-split bearer” solution candidate for the Rel-16 E-UTRA enhancements minimizing the interruption time during mobility.

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.

3
Agree the following common aspects for “non-split bearer” solution candidate:

a.
PDCP SN assignment (for DL) is done at source eNB. PDCP SDUs and the SN assigned to each SDU are then forwarded to target eNB. Details of how SN information is transferred is FFS.

b.
RoHC and remaining PDCP functions (e.g. ciphering, PDCP PDU creation) are executed separately at each network node

c.
The UE procedure when UE detaches from the source cell is explicitly defined in the specifications (e.g. via procedural text and/or via dedicated message/indication.).

d.
In case of two active protocol stacks, a separate security key is used for each of the protocol stacks.

4
RAN2 is asked to work further on the details of the following open issues:

a.
When detaching from the source shall occur and whether it has to be separately considered from the UE’s and NW’s side

b.
Whether data forwarding is done “late” or “early”. Consider potential combination with CHO and how SN Status transfer is done and how HFN is handled. 

c.
LS to RAN3 on data forwarding enhancements to enable reduced interruption time during HO 

5
The detailed assumptions of simultaneous transmission/reception for the solutions depend on the feedback from RAN1 and RAN4 (i.e. response to R2-1815706). RAN2 shall continue working based on the received LS replies.

=> FFS how security aspects are handled and whether changes to LTE baseline are needed.

=> FFS whether there is single active protocol stack or two simultaneously active protocol stacks 

=> FFS how to detach from the source cell (seen from the NW’s side and UE’s side)

=> FFS How to do data forwarding (early/late, including handling the SN, security, CHO impact)

In this document, we will discuss about non-split bearer architecture based eMBB HO mobility enhancements which uses dual stack dual active protocol UE and we will present 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 RAN2#103bis agreed key metrics into consideration.
1
Solution proposals should consider at least the following metrics:

-
Mobility robustness

- 
Interruption time

2
Other aspects should also be considered, e.g.

-
Applicable deployment scenarios

-
Signalling overhead

-
Specification effort

-
UE/network complexity

In order to meet close to “0ms” HO interruption delay, it is desirable for UE to maintain the link with both source and target eNB during HO execution period.

Observation 1. Close to “0 ms” interruption time during HO requires the UE to simultaneously maintain connection with both source and target eNBs during HO execution period.
As part of RAN2#105 offline discussion #57, single active protocol stack has 3 different options (option 0/1/2), and different options have different performance results, different UE & network impacts, and different specification impact. Single active protocol solution clearly specifies UE switching point during MBB HO. Otherwise single active protocol solution is not quite different from R14 MBB HO and there is no support for simultaneous reception and transmission during HO execution in any of the deployment scenarios as mentioned in RAN4 reply LS [6] and it is not possible to achieve 0ms interruption time with single active protocol stack.
Observation 2. Using single active protocol solution, it is not possible to have simultaneous connectivity with both source and target eNB during HO execution period and thus it is not possible to achieve “0 ms” HO interruption time in any deployment scenario. 
Following table summarizes various key metrics for dual active protocol stack HO solution [8].
	Metric
	Analysis for enhanced MBB HO Architecture (dual stack dual active protocol)

	Service interruption time during HO
	Using Non-split bearer architecture, it is possible to have close to 0ms HO interruption time & actual interruption time varies based on the number of Rx/Tx chains supported.

	Mobility robustness
	Mobility robustness enhancements are possible and additional robustness can be achieved by using conditional HO method.

	Signalling overhead
	Low complexity of overall signalling

	Specification impact
	Minimal specification impact 

	Deployment scenario
	Suitable for both homogeneous (cell edge coverage overlapping) and heterogeneous (full coverage overlapping) deployment scenarios.

	UE/Network complexity
	Lower complexity 


Observation 3. Using dual active protocol solution, it is possible to have simultaneous connectivity with both source and target eNB during HO execution period and meet close to “0”ms HO interruption time for all deployment scenarios. 
Thus, we propose R16 LTE HO enhancements to meet close to 0ms HO interruption time by using dual stack dual active protocol solution.
R14 LTE MBB HO procedure has following limitations:

LTE R14 MBB HO mechanism is based on switching connection from source to target cell during HO and it has 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

2.2 Dual stack dual active protocol stack based MBB HO enhancements:

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, dual stack dual active protocol stack” architecture to enable simultaneous connectivity with both source and target eNBs during HO execution period and thus achieve close to 0ms HO interruption time.
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Figure 1 : UE/ Network stack and data flow - Enhanced ‘make-before-break’ LTE HO (EPC Core) for  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, dual stack dual active protocol stack) procedures to support “close to 0ms” HO Interruption:

· At step 7, upon receiving the ‘enhanced make-before-break’ HO indication, dual stack dual active UE maintains the connection with source cell (i.e source stack DRBs are kept active and SRBs are suspended) using source protocol stack and  target protocol stack is configured with target cell configuration and is used for establishing the connection to the target cell (target stack DRBs and SRBs are configured). 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 suspended SRB and active 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 sending RRC Connection Reconfiguration message through targer cell SRB1, target eNB will send X2 data forwarding indication (step 11) to source eNB and source eNB PDCP SDUs with  PDCP SN (as function of source eNB buffer management implementation) will be duplicated towards target eNB (via X2 UP). Alternatively, upon source eNB sending RRC connection reconfiguration message to UE at step 7, based on source eNB implementation it can start forwarding source PDCP SDUs (with PDCP SN assigned by source PDCP) to target eNB PDCP and target eNB will perform remaining PDCP functions (i.e ROHC, Security, PDCP header operation).   
· UE is expected to 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 is expected to differentiate the security key to be used for a PDCP PDU based on the RLC/MAC/PHY stack from which the PDU is received. 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 and to avoid duplicate DL PDCP PDU scheduling.

· 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. In above call flow, actual timing of when exactly target eNB sends explicit RRC connection reconfiguration message (step 17a, 17b) to UE for releasing source eNB and step 17b UE context release indication to source eNB is based on network implementation. 
· In order to support simultaneous connectivity with both source and target cells during HO execution, supported UE capabilities (DL CA, UL CA, DL MIMO and UL MIMO etc) have to be shared between source and target cell. For example, if a UE is capable of supporting 2 DL CA (in Band A & Band B) and if the UE is configured with 2 DL CA on source cell (Band A  PCell + Band B SCell before HO), then during HO execution, source cell configured Scell in Band B can be released and these released Band B SCell baseband/RF resources can be used for target cell connection on Band B. We think, more discussion is required about how to split UE capabilities during HO execution and can be discussed further. During HO execution, when UE is connected to both source and target cells simultaneously, UE scheduling of data from both source and target cell shall not exceed maximum UE capabilities supported.
Proposal 1. LTE eMBB 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 dual active UE keeps source cell protocol stack DRBs active and source cell SRBs are suspended while target cell protocol stack is configured with target cell DRBs and SRBs. 
· Source cell DRBs are used for data transfer with source cell while establishing the connection (i.e. sync, RACH) to the target cell. 
Proposal 2. 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 3. During HO execution phase, the following procedure should be supported as enhancements for non-split bearer architecture based eMBB 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. 
· Alternatively, upon source eNB sending RRC Connection Reconfiguration message to UE, as implementation choice source eNB starts forwarding PDCP SDUs (with assigned PDCP SN) to target eNB as duplicate packets while source eNB continue with DL data scheduling. 

· 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. UE common PDCP maintains separate security keys and separate ROHC context. 
Proposal 4.   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 5. To support simultaneous DL data reception from both source and target eNBs, UE is expected to send UL ACK/NACK to source cell for DL PDSCH data received on source cell and UL ACK/NACK to target cell for DL PDSCH data received on target cell.
Proposal 6.   Upon successful transmission of RRC Connection Reconfiguration Complete message to target eNB using target cell SRB1, UE uses the target cell DRB for transmitting any UL data and stops sending UL PUSCH data to source cell using source cell DRBs. (i.e in UL there is no need of simultaneous UL PUSCH data transmission/duplication to both eNBs).
Proposal 7. UE UL data transmitted to target eNB with PDCP SN allocated is encrypted using target security key and compressed using target ROHC context.
Proposal 8. Once target eNB starts scheduling DL data to UE then target eNB sends explicit RRC signalling to UE for releasing source eNB connection and UE releases source stack active DRBs and suspended SRBs 

Proposal 9. Upon successful DL path switch procedure, target eNB will send X2 message to source eNB to release UE context at source eNB and source eNB will stop scheduling any DL data to UE. 
Proposal 10.  RAN2 to discuss how to share UE capabilities between source and target eNB to support simultaneous transmission and reception with source and target eNBs during eMBB HO execution.

In order to support R16 enhancements for enhanced Make-before-break, following UE features are considered.
· Dual Rx/Dual Tx UEs as basic requirement and RF chain capabilities are discussed in [9]
· 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.
Proposal 11. In order to support R16 enhancements for enhanced Make-before-break HO, following UE features support required. 
·   Dual stack dual active protocol stack is used.
·   Single common 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 and separate ROHC context (one from source eNB & other from target eNB), common PDCP SN allocation and common PDCP buffer for re-ordering and duplicate detection & discard during HO. 
·   Usage of source or target cell security key and ROHC context is determined by UE PDCP based on which RLC protocol stack is used for data transmission and reception during HO execution period.

·   PDCP sequence number can continue after HO for AM bearers using delta configuration (loss less HO support) and for UM bearers. 
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 time during HO requires the UE to simultaneously maintain connection with both source and target eNBs during HO execution period.

Observation 2.
Using single active protocol solution, it is not possible to have simultaneous connectivity with both source and target eNB during HO execution period and thus it is not possible to have achieve “0 ms” HO interruption time in any deployment scenario. 

Observation 3.
Using dual active protocol solution, it is possible to have simultaneous connectivity with both source and target eNB during HO execution period and meets close to “0” HO interruption time for all deployment scenarios.



Proposal 1.
LTE eMBB 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 dual active UE keeps source cell protocol stack DRBs active and source cell SRBs are suspended while target cell protocol stack is configured with target cell DRBs and SRBs.

Source cell DRBs are used for data transfer with source cell while establishing the connection (i.e. sync, RACH) to the target cell.
Proposal 2.
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 3.
During HO execution phase, the following procedure should be supported as enhancements for non-split bearer architecture based eMBB 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.

Alternatively, upon source eNB sending RRC Connection Reconfiguration message to UE, as implementation choice source eNB starts forwarding PDCP SDUs (with assigned PDCP SN) to target eNB as duplicate packets while source eNB continue with DL data scheduling.

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. UE common PDCP maintains separate security keys and separate ROHC context.
Proposal 4.
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 5.
To support simultaneous DL data reception from both source and target eNBs, UE is expected to send UL ACK/NACK to source cell for DL PDSCH data received on source cell and UL ACK/NACK to target cell for DL PDSCH data received on target cell.
Proposal 6.
Upon successful transmission of RRC Connection Reconfiguration Complete message to target eNB using target cell SRB1, UE uses the target cell DRB for transmitting any UL data and stops sending UL PUSCH data to source cell using source cell DRBs. (i.e in UL there is no need of simultaneous UL PUSCH data transmission/duplication to both eNBs).
Proposal 7.
UE UL data transmitted to target eNB with PDCP SN allocated is encrypted using target security key and compressed using target ROHC context.
Proposal 8.
Once target eNB starts scheduling DL data to UE then target eNB sends explicit RRC signalling to UE for releasing source eNB connection and UE releases source stack active DRBs and suspended SRBs
Proposal 9.
Upon successful DL path switch procedure, target eNB will send X2 message to source eNB to release UE context at source eNB and source eNB will stop scheduling any DL data to UE.
Proposal 10.
RAN2 to discuss how to share UE capabilities between source and target eNB to support simultaneous transmission and reception with source and target eNBs during eMBB HO execution.
Proposal 11.
In order to support R16 enhancements for enhanced Make-before-break HO, following UE features support required.

Dual stack dual active protocol stack is used.

Single common 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 and separate ROHC context (one from source eNB & other from target eNB), common PDCP SN allocation and common PDCP buffer for re-ordering and duplicate detection & discard during HO.

Usage of source or target cell security key and ROHC context is determined by UE PDCP based on which RLC protocol stack is used for data transmission and reception during HO execution period.

PDCP sequence number can continue after HO for AM bearers using delta configuration (loss less HO support) and for UM bearers.
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