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1	Introduction
In RAN2#104 it was agreed to pursue the following e-mail discussion (as per [1]):
[104#61][LTE/feMOB]  Solution directions for minimizing user data interruption for UL/DL (Nokia)
      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).
      Two-stage discussion: First stage (2 weeks) to identify structure of discussion document, second stage to define and compares the solutions directions.
      Intended outcome: Email discussion summary with candidate solutions.
      Deadline:  Thursday 2019-02-07 

This document is aimed at capturing the inputs from the companies and subsequently to provide resulting conclusions/proposals, to be discussed and agreed at RAN2#105.
2	Solutions
In this section, companies are asked to provide their preferred solution(s) under one of the following solution categories. 
2.1	Split bearer
This subsection is for providing the solutions involving bearer split (irrespective of which sublayer is responsible for executing such step). LTE Dual Connectivity is one of potential solutions that falls within this group. Other split architectures may be also considered. Basic scheme for DL data transmission is depicted in Fig. 1. Exemplary paper in [2].
[image: ]
[bookmark: _Ref532826400]Fig. 1. Split bearer for DL
[bookmark: _Hlk531102176]2.1.1	Solution 1.1
· Company: vivo

· Brief description: During the handover, the UE uses the split bearer (i.e. a single PDCP associated with two RLC entities) to setup the simultaneous connection between the source node and the target node. The PDCP entity uses the two keys for the (de-)ciphering via the key indication included in the PDCP header. The legacy SN assignment, reordering and duplication detection of PDCP is reused. After the handover, the UE can change the split bearer back to the MCG bearer by releasing the source protocol stacks including RLC and MAC.
[image: ]
· TDoc reference: R2-1816331 and R2-1816332

· Message flow:
[image: ]
Step 1: According to the measurement report from the UE, the source node triggers the handover preparation.
Step 2: The source node sends a HANDOVER REQUEST message to the target node. The message is used to coordinate the UE capability split (including the source cell group configuration for the handover) for the split bearer during the handover, and to request the setup of two tunnels (i.e. one for the PDCP PDU of the split bearer, and another for the PDCP SDU as the legacy data forwarding).
Step 3: After Admission Control, if the target node accepts the handover request, the target node prepares HO with L1/L2 and sends the HANDOVER REQUEST ACKNOWLEDGE to the source node. The HANDOVER REQUEST ACKNOWLEDGE include a transparent container for the RRCConnectionReconfiguration including mobilityControlInformation message for the configuration during the handover, which includes the RRC configuration of the source cell group and the RRC configuration of the target cell group. 
Step 4: The source eNB performs the necessary integrity protection and ciphering of the RRCConnectionReconfiguration including mobilityControlInformation message and forward the message to the UE.
Step 4.a: After applying the RRCConnectionReconfiguration including mobilityControlInformation message, the UE sends the RRCConnnectionReconfigurationComplete message to the source node.
After the reception of the RRCConnectionReconfiguration including mobilityControlInformation message, the UE behaviours include:
· The DRB adds the additional leg (e.g. RLC entity and MAC entity).
· The PDCP entity creates the target security context based on the target security key and algorithm, and stores both the source security context and the target security context.
· For DL data reception, the receiving PDCP entity deciphers the PDCP SDU by using the security context (i.e. either the source or the target) indicated in the PDCP header.
· For DL data reception, the PDCP entity reorders the received PDCP PDU based on the legacy reordering window.
· For UL data transmission, the transmitting PDCP entity uses the source security context to cypher the PDCP SDU, and the PDCP header indicates that the source security context is used.
After the transmission of the RRCConnectionReconfiguration including mobilityControlInformation message or the reception of the RRCConnnectionReconfigurationComplete message, the source node behaviours include:
· For DL data transmission, the source node forwards the PDCP PDU to the target node via a split bearer GTP-U tunnel.
· For DL data transmission, the PDCP PDU forwarded to the target node is cyphered via the source security context.
· For DL data transmission, the PDCP header indicates that the source security context is used.
· For DL data transmission, the source node can also forward the PDCP SDU to the target node via a legacy data forwarding tunnel.
· For UL data reception, the PDCP entity reorders the received PDCP PDU based on the legacy reordering window.
Step 4.b: The source node informs the target node of the UE application of the RRCConnectionReconfiguration including mobilityControlInformation message.
Step 5: After receiving the RRCConnectionReconfiguration message including the mobilityControlInformation, UE performs synchronisation to target node and accesses the target cell via RACH.
The target node behaviours include:
· For DL data transmission, if the data received is via the split bearer GTP-U tunnel, the target node sends the data directly to the corresponding RLC entity.
· For DL data transmission, if the data received is via the legacy data forwarding GTP-U tunnel, the target node uses the corresponding PDCP entity to send the PDCP SDU by using the PDCP SN as indicated for the forwarded PDCP SDU.
· For DL data transmission, the PDCP header indicates that the target security context is used.
· For UL data reception, if the PDCP header indicates that the source security context is used, the target node forwards the data to the source node via the split bearer GTP-U tunnel.
Step 6: The target node sends an RRCConnectionReconfiguration message directly to the UE, which releases the source connection. This RRCConnectionReconfiguration message can also be send by the source node in Step 4.
Step 7: After applying the RRCConnectionReconfiguration message used to release the source connection, the UE indicates the release of the source connection to the target node (e.g. via an RRCConnectionReconfigurationComplete message). The UE can also indicate the release of the source connection to the source node.
The UE behaviours include:
· The UE resets the L2 entities (i.e. the source MAC/RLC) of the source leg, and then releases the L2 entities of the source leg.
· For DL data reception, the receiving PDCP entity deciphers the PDCP SDU by using the security context (i.e. either the source or the target) indicated in the PDCP header.
· For DL data reception, the PDCP entity reorders the received PDCP PDU based on the legacy reordering window.
· For UL data transmission, the transmitting PDCP entity uses the target security context to cypher the PDCP SDU, and the PDCP header indicates that the target security context is used.
· The UE can release the source security context based on the indication from the network or the UE.
The source node behaviours include:
· The UL/DL reception/transmission is the same as given above during the handover.
· The split bearer GTP-U tunnel and the legacy data forwarding tunnel can be released separately based on the coordination between the source node and the target node.
· The L1/L2 entities and resources are released after the release indication received from the UE or the target node.
The target node behaviours include:
· The split bearer GTP-U tunnel and the legacy data forwarding tunnel can be released separately based on the coordination between the source node and the target node.
· For DL data transmission, if the data received is via the split bearer GTP-U tunnel, the target node sends the data directly to the corresponding RLC entity.
· For DL data transmission, if the data received is via the legacy data forwarding GTP-U tunnel or the GTP-U tunnel from the CN, the target node uses the corresponding PDCP entity to send the PDCP SDU by using the PDCP SN as indicated for the forwarded PDCP SDU.
· For DL data transmission, the PDCP header indicates that the target security context is used.
· For UL data reception, if the PDCP header indicates that the target security context is used, the target node uses its own PDCP entity to decipher the PDCP SDU.
· The L1/L2 entities and resources are released after the release indication received from the UE.

· Table with metrics:

	Metric
	Comment

	Total interruption time (please describe if it differs for UL and DL and point out whether RF or User Plane interruption is considered)
	0ms interruption time for both UL and DL from L2 point of view. The RF interruption time is up to RAN4 to decide.

	RF requirements (e.g. # of Tx/Rx)
	Simultaneous Tx/Rx from two intra/inter-frequency cells is required. 

	Impact on protocol stacks
	An indication to differentiate the security context is needed in PDCP. 

	UE Complexity
	The PDCP needs to keep two security keys and two ROHC contexts.

	NW Complexity
	Two GTP tunnels are required to reduce the downlink interruption due to data forwarding.
The target node needs to differentiate whether the received PDCP PDU is for the source node or the target node.

	Security handling (i.e. how many keys UE maintains)
	Two

	Applicable deployment scenarios
	Depending on the deployment scenarios, if the network does not support PDCP split bearer, the network does not have to use the split bearer, but the UE needs to support the split bearer.

	Necessary RLM enhancements (Stage 2 details)
	Depending on the solutions, the UE can have two RLM procedures in both links, or a single RLM procedure only in the target link during the handover.


2.1.2	Solution 1.2

· Company: Huawei, HiSilicon

· Brief description: One key step is the role change procedure is added on top of Rel-12 DC procedure. For protocol stack, split bearer defined in Rel-12 DC is used.

· TDoc reference: R2-1818080 [2].

· Message flow:



The above procedure is based on Rel-12 DC, except for step 9 to 11. Step 1 to 7 is for addition of SeNB with split bearer. In step 8, a measurement report triggered by event A3 can be sent to MeNB, and then the role change procedure can be initiated. The role change procedure is to exchange the roles of MeNB and SeNB.

During role change procedure, the role change request message can trigger SRB establishment in the new MeNB, and then the SRB in the new MeNB will be used in stead of that in the old MeNB. After the old MeNB gets the role change request ACK message, it can send a RRC connection reconfiguration message to the UE in order for a role change, and it may be also considered that whether RRC connection in the old MeNB will be released or suspended.
In addition, two issues may be considered: (1) the continuity of PDCP SN; (2) security key ambiguity issue. For (1), we think the old MeNB could send the first SN or count value to the new MeNB, and it is similar to the SN Transfer Status message. For (2), there may be some solutions, e.g. switch indication in PDCP PDU header, or an explicit indication to inform using new key, and so on.


· Table with metrics:

	Metric
	Comment

	Total interruption time (please describe if it differs for UL and DL and point out whether RF or User Plane interruption is considered)
	[Huawei, HiSilicon] 0ms can be achieved since both source and target are sending data to the UE before source is released.

	RF requirements (e.g. # of Tx/Rx)
	[Huawei, HiSilicon] Depending on UE capability and deployment scenarios, and it is related to the previous LSs to RAN1/4. We understand that the RF requirement is related if the UE can perform simultaneous tx/rx and it is not solution specific. Therefore, in case of UE not supporting real simultaneous tx/rx or the scenario not supported based on RAN1/4 feedback, TDM can be used.


	Impact on protocol stacks
	[Huawei, HiSilicon] Split bearer defined in Rel-12 DC can be re-used.

	UE Complexity
	[Huawei, HiSilicon] The UE is required to support Rel-12 DC firstly, and on top of that, there may be more complexities as analyzed above.

	NW Complexity
	[Huawei, HiSilicon] Similar to the UE side, the network is required to support Rel-12 DC firstly, and there may be more complexities as analyzed above.

	Security handling (i.e. how many keys UE maintains)
	[Huawei, HiSilicon] For split bearer, during the role change, the new security key for MeNB will be used instead of the old security key. In this case, from UE point of view, there may be security key ambiguity issue. Some solutions are proposed in R2-1818080.

	Applicable deployment scenarios
	[Huawei, HiSilicon] It is related to Rel-12 DC.

	Necessary RLM enhancements (Stage 2 details)
	




2.1.3	Solution 1.3

· Company: LG Electronics Inc.

· Brief description: The conditional role change procedure is applied based on the DC procedure. If DC based handover is combined with conditional handover, the number of handshakes between the eNBs can be reduced and handover failure could be reduced. 

· TDoc reference: R2-1816445 [12].

· Message flow:


Based on the measurement report, the source eNB decides a target cell and condition for role change (Step1/2). Then, the source eNB, i.e., MeNB, adds the target cell as a secondary eNB based on DC procedure. In addition, the source eNB request a conditional role change to the target cell (Step3). If SeNB accepts conditional role change, the UE configures the target cell as a PSCell and further receives a role change trigger condition in terms of channel quality and configuration information which is to be applied to the target cell when role change is performed, e.g., new PDCP security key (Step 4/5/6). When the role change trigger condition is met while the UE continues data transmission with MeNB and SeNB, the UE sends role change complete message to the SeNB. Then, the SeNB sends role change complete message to the MeNB and the SeNB becomes new MeNB. After the role change, the new MeNB sends PDCP packet data ciphered with new MeNB key and notifies the change by the end-marker in the control PDU (Step 7/8). 

· Table with metrics:

	Metric
	Comment

	Total interruption time (please describe if it differs for UL and DL and point out whether RF or User Plane interruption is considered)
	[LG] 0ms can be achieved for both UL and DL. The source cell and target cell can send data simultaneously until the source cell is released.

	RF requirements (e.g. # of Tx/Rx)
	[LG] Simultaneous Tx/Rx from two intra/inter-frequency cells is required.

	Impact on protocol stacks
	[LG] Split bearer defined in DC can be re-used and conditional handover scheme can be re-used as conditional role change.

	UE Complexity
	[LG] The UE is required to support DC and conditional role change.

	NW Complexity
	[LG] The network is also required to support DC and conditional role change.

	Security handling (i.e. how many keys UE maintains)
	[LG] The security key should be changed from old master eNB (PCell) key to new master eNB (PSCell) key. PDCP end marker in control PDU was discussed in REL-14 LWA. We may apply the same method to change the security key. The details are described in R2-1816445 [12].

	Applicable deployment scenarios
	[LG] It is related to DC.

	Necessary RLM enhancements (Stage 2 details)
	



2.1.4	Solution 1.4
· Company: Mediatek

Brief description: Basically the same as solution 1.2, but propose to reuse current principle, i.e. using PDCP re-establishment for security update during role change to avoid security confusion. 
· TDoc reference: R2-1816514[15]

· Message flow: Same as in solution 1.2 with the following additions/modifications:
· Role change procedure: It is an X2 procedure and need to be specified by RAN3.  It’s possible a new X2 procedure is defined for the purpose of role change. Or the existing X2 procedure can be reused.  The role change can be achieved through eNB to MN change. In this case the SN is the source eNB. 
· Security update: In order to simplify the specification and implementation, PDCP re-establishment is reused for security key update. After PDCP re-establishment, UE will utilize the new key of the target eNB.  In LTE mobility enhancement, the objective is to ‘reduce user data interruption during handover, which targets as close as possible to 0ms, i.e. relaxed requirements could be considered.’  Although 0ms interruption can be achieved due to protocol reset, the interruption due to PDCP re-establishment is very short, in terms of several microsecond, which is negligible.  Since simultaneous transmission/reception is guaranteed when UE perform RA procedures and establish connection towards the target eNB, the interruption is close to 0ms. 
· PDCP SN continuity for DL packets: When UP anchor needs to be changed, the SN numbering function needs to be relocated from the source eNB to the target eNB, meanwhile, the source eNB needs to inform the target eNB form which SN it can start to use, i.e. through SN status transfer procedure. In normal HO procedure, the source should stop data transmission with the UE first and then begins SN status transfer procedure. However, considering the X2 latency, the SN may be still being consumed by the source when perform SN status transfer and data forwarding to the target. The problem exists in both split-bearer and non-split bearer solution. One solution is a range of SN are reserved at the source side when source side begins to perform SN status transfer. The range of SN reserved by the source side should not be too large. The PDCP SDUs which are not successfully transmitted by the source cell will be retransmitted by the target later. 


· Table with metrics: 

	Metric
	Comment

	Total interruption time (please describe if it differs for UL and DL and point out whether RF or User Plane interruption is considered)
	Close to 0ms interruption can be achieved. 

	RF requirements (e.g. # of Tx/Rx)
	Simultaneous Tx/Rx from two intra/inter-frequency cells is required. However, further considerations on the requirements need to wait for RAN4’s LS response.

	Impact on protocol stacks
	Split bearer defined in Rel-12 DC can be re-used.

	UE Complexity
	Split bearer operation defined in Rel-12 DC can be re-used. No additional complexity is expected. 

	NW Complexity
	Split bearer operation defined in Rel-12 DC can be re-used. New procedure or combined procedure using HO preparation and SN addition (with source eNB) need to be considered. SN status transfer need to be considered further. 

	Security handling (i.e. how many keys UE maintains)
	One security key at any time at UE side

	Applicable deployment scenarios
	It is related to DC.

	Necessary RLM enhancements (Stage 2 details)
	RLM can be performed in both MCG and SCG. Same principle as Rel-12 DC.



2.1.5	Solution 1.5
· Company: Nokia

· Brief description: DC-based HO with role swap. Similar to what has been described above (i.e. in Solution 1.2, 1.3 and 1.4).

· TDoc reference: R2-1817690 [16]

· Message flow: As provided for Solution 1.2

· Table with metrics: The same as for Solution 1.2 and 1.4




2.2	Non-split bearer
This subsection is for providing the solutions which do not involve splitting the bearer. Basic scheme for DL data transmission is depicted in Fig. 2. Exemplary papers in [3][4][5][6][7][8][11][13][14]
[image: ]
[bookmark: _Ref532826997]Fig. 2. Non-split bearer for DL
2.2.1	Solution 2.1
· Company: OPPO

· Brief description: UE keeps the connections with both source eNB and target eNB by maintaining two protocol stacks (PHY/MAC/RLC/PDCP). For PDCP, separate (de)ciphering / (de)compression and unified SN assignment / reordering / duplication detection are supported. At network side, for downlink transmission, the anchor eNB (e.g., source eNB) assigns the SN for received packets, then source eNB and target eNB compresses and ciphers the PDCP SDU separately, while for uplink reception, the deciphered and decompressed packets are forwarded to anchor eNB (e.g., target eNB) for reordering and duplication detection
[image: ]
· TDoc reference: R2-1816929

· Message flow: [image: ]
Step 1: The source eNB configures the UE measurement operation, and a MEASUREMENT REPORT is triggered and sent to the source eNB. 
Step 2: The source eNB makes handover decision based on MEASUREMENT REPORT and RRM information.
Step 3: The source eNB issues a HANDOVER REQUEST message to the target eNB
Step 4: The target eNB prepares HO with L1/L2 and sends the HANDOVER REQUEST ACKNOWLEDGE to the source eNB.
Step 5: The target eNB generated RRC message, i.e. RRCConnectionReconfiguration message including the mobilityControlInformation, is sent by the source eNB towards the UE.
Step 6: UE performs random access procedure to synchronize to target eNB.
Step 7: When UE has successfully accessed the target cell, the UE sends the RRCConnectionReconfigurationComplete message to confirm the handover.
NOTE: For downlink, the source eNB acts as an anchor point. Source eNB forwards the DL PDCP SDU to target eNB. For uplink, the target eNB acts as an anchor point. Source eNB forwards the UL PDCP SDU（e.g. deciphered &decompressed packet）to target eNB. 
NOTE: UE detaches form the source cell and releases the protocol stack for source eNB. The detailed trigger for UE to release the source protocol stack can be FFS, i.e. timer-based trigger or event-trigger (e.g., triggered by RRC message from target eNB).
Step 8: The target eNB performs PATH SWITCH to change the downlink anchor form source eNB to target eNB.
Step 9: By sending the UE CONTEXT RELEASE message, the target eNB informs success of HO to source eNB and triggers the release of resources by the source eNB
· Table with metrics:

	Metric
	Comment

	Total interruption time (please describe if it differs for UL and DL and point out whether RF or User Plane interruption is considered)
	0ms User Plane interruption time and RF interruption time for both UL and DL can be achieved since UE keeps connection with source eNB until successfully accessed to the target eNB.

	RF requirements (e.g. # of Tx/Rx)
	The LS has been sent to RAN4, and the RF requirements should wait for RAN4’s LS reply for the requirement to achieve the simultaneous connectivity.

	Impact on protocol stacks
	UE shall keep two sets of protocol stacks for source eNB and target eNB respectively. The PDCP layer further splits into two separated (de)compression and (de)ciphering functionality and a unified SN assignment and reordering / duplication detection functionality.

	UE Complexity
	For the user plane aspect, UE shall be able to maintain two sets of keys and ROHC profiles. For the control plane, UE follows most of the legacy HO procedure.

	NW Complexity
	The NW complexity is minor, if compared to split-bearer solution which may require a role change procedure.

	Security handling (i.e. how many keys UE maintains)
	UE shall maintain two sets of keys when maintaining the simultaneous source and target node connectivity.

	Applicable deployment scenarios
	The eMBB solution is more applicable since LTE has not deploy the Dual Connectivity.

	Necessary RLM enhancements (Stage 2 details)
	The simultaneous RLM is required for simultaneous connectivity. The legacy RLM for source eNB is terminated once the HO command is received. And since simultaneous connectivity will keep both radio link connection, the RLM for both link is required naturally. 



2.2.2	Solution 2.2
· Company: CATT

· Brief description: Source and target nodes maintain two radio links with UE at the same time. Both links have independent RLC/MAC/PHY protocol stacks. At network side, both links respectively have own PDCP protocol stacks. But at UE side, they have a common PDCP protocol stack, which is responsible for unified SN allocation, reordering and duplication detection, but includes separated sub-functions of (de) ciphering/(de) compression. For downlink, the source node is responsible for unified PDCP SN allocation, and forwards the data packet to the target node; for uplink, the source node notifies the target node of PDCP SN status and forwards the disordered data packet to the target node. The following figure shows function modules of the architecture with one PDCP.

[image: ]
· TDoc reference: R2-1816947 and R2-1816946

· Message flow: 
[image: ]

Step 1: The source eNB configures the UE measurement procedures, and then a MEASUREMENT REPORT is received by the source eNB to assist the function controlling the UE's connection mobility.
Step 2: The source eNB makes decision based on MEASUREMENT REPORT and RRM information to hand off the UE.
Step 3: The source eNB issues a HANDOVER REQUEST message to the target eNB with necessary information to the target side. In addition to some UE context related parameters, an Enhanced MBB indicator can be included in the handover request message.
Step 4: Admission Control may be performed by the target eNB, then the target eNB prepares HO with L1/L2 configuration and sends the HANDOVER REQUEST ACKNOWLEDGE to the source eNB. The HANDOVER REQUEST ACKNOWLEDGE message includes a transparent container to be sent to the UE as an RRC message to perform the handover. The HANDOVER REQUEST ACKNOWLEDGE message also includes RNL/TNL information for the forwarding tunnels.
Step 5: The target eNB generates the RRC message to perform the handover, i.e. RRCConnectionReconfiguration message including the mobilityControlInformation, to be sent by the source eNB towards the UE.
Step 6: UE performs synchronisation to target eNB and accesses the target cell via RACH. UE derives target eNB specific keys and configures the selected security algorithms to be used in the target cell. 
Step 7: When the UE has successfully accessed the target cell, the UE sends the RRCConnectionReconfigurationComplete message (C-RNTI) to confirm the handover. The target eNB verifies the C-RNTI sent in the RRCConnectionReconfigurationComplete message. The target eNB can now begin sending data to the UE. The connection to the source cell is maintained until the UE receives the first downlink data packet from target eNB.
Step 8: The target eNB performs PATH SWITCH to change the anchor from source eNB to target eNB.
Step 9: UE detaches from the source eNB and releases the corresponding resources. The detailed trigger is FFS.
Step 10: By sending the UE CONTEXT RELEASE message, the target eNB informs success of HO to source eNB and triggers the release of resources in the source eNB.
· Table with metrics:

	Metric
	Comment

	Total interruption time (please describe if it differs for UL and DL and point out whether RF or User Plane interruption is considered)
	0ms user plane interruption time can be achieved for both UL and DL since the UE keeps the connection to the source cell until the connection with the target cell is completed.

	RF requirements (e.g. # of Tx/Rx)
	Dual Tx/Rx chains should be supported by UE to achieve 0ms user plane interruption time, but further consideration needs to wait for RAN4’s LS response for the requirement.

	Impact on protocol stacks
	The PDCP protocol stack includes two separated sub-functions of (de) ciphering/ (de) compression and unified sub-functions of SN allocation, reordering and duplication detection.

	UE Complexity
	UE shall keep two independent radio links of RLC/MAC/PHY protocol stacks for each DRB during handover. UE shall be able to handle two sets of keys and ROHC modules.

	NW Complexity
	Signaling procedures between source eNB and target eNB can almost reuse the existing procedures for MBB handover. 

	Security handling (i.e. how many keys UE maintains)
	UE shall maintain two sets of keys to achieve 0ms user plane interruption time.

	Applicable deployment scenarios
	Based on the existing MBB mechanism, the deployment is more flexible and cost effective.

	Necessary RLM enhancements (Stage 2 details)
	Simultaneous RLM on both links is not required. The RLM on source link maintains until UE successfully accesses the target cell, and then the RLM on target link starts.



2.2.3	Solution 2.3

· Company: Intel

· Brief description: there are two steam of data (one from source and one from target) to the UE. UE maintain two PHY/MAC/RLC/PDCP protocol stacks. When receive packet from source cell, the UE process PHY/MAC/RLC and then decipher the PDCP packet based on source key and store the packet in a common buffer. When the UE receives packet from target cell, the UE does the same process (but deciphering is based on target key) and put deciphered PDCP packet into the common buffer. Regardless of duplication, a common buffer is needed for PDCP reordering between source and target cells. Therefore, handling packet duplication in the same place will not be so difficult. Finally, ROHC decompression and send packet to the higher layer.


[image: sim_nonSplit_detail]

· [bookmark: OLE_LINK1]TDoc reference: R2- 1816695

Message flow
[image: sim_nonsplit_more]


Step1: the UE sends measurement report to the source cell when event triggered.
Step2: the source cell send HO request (with simultaneous link enable) to target cell. 
Step3: if target cell supports, it responses with a HO ack with target cell configuration for simultaneous support and HO command (containing required HO parameters such as RACH) to source cell, with dedicated TNL info for forwarding partial PDCP PDUs. If not, the target may reject and proceed with regular HO. In this case, HO command will still be generated with indication of no simultaneously support. 
Step 4: the source cell reads the response from target cell for the case where it is HO with simultaneously support, or regular HO, or reject HO. Then the source cell forwards the HO command along with target cell configuration to the UE. 
Note: In legacy handover, the UE detaches from source cell. However, in simultaneously connectivity, the UE maintain connection with source cell.  
Step 5: In case of HO with simultaneously support, the UE maintains the source cell connection. The UE performs RACH to access target cell using the RACH information in the HO command provided by target cell. Target response with RAR for RACH successful. 
Steo 6: UE then sends RRCConnectionReconfigurationComplete message to target indication HO completion. 
Note: After this step the target node becomes the master node and RRC message should be generated by target cell.
Note: At this point source can start forwarding partial PDCP PDU (SN and ROHC) data to target cell until the source cell is released at the UE. Then PDCP SDU will be forward to target cell like legacy.
Step 7: Target cell sends HO success indication to source cell.
Step 8: Target cell sends release message to source cell. Then source cell stops data transmission to the UE.
Step 9: Target sends RRCConnectionReconfiguration (release source cell) message to the UE
Step 10: UE release source cell by sending RRCConnectionReconfigurationComplete to target.
Step 11/15: The target eNB sends a PATH SWITCH REQUEST message to MME to inform that the UE has changed cell. The MME sends a MODIFY BEARER REQUEST message to the Serving Gateway. The Serving Gateway switches the downlink data path to the target side. The Serving gateway sends one or more "end marker" packets on the old path to the source eNB and then can release any U-plane/TNL resources towards the source eNB. The Serving Gateway sends a MODIFY BEARER RESPONSE message to MME. The MME confirms the PATH SWITCH REQUEST message with the PATH SWITCH REQUEST ACKNOWLEDGE message. By sending the UE CONTEXT RELEASE message, the target eNB informs success of HO to source eNB and triggers the release of resources by the source eNB. The target eNB sends this message after the PATH SWITCH REQUEST ACKNOWLEDGE message is received from the MME. Upon reception of the UE CONTEXT RELEASE message, the source eNB can release radio and C-plane related resources associated to the UE context. Any ongoing data forwarding may continue.

· Table with metrics

	Metric
	Comment

	Total interruption time (please describe if it differs for UL and DL and point out whether RF or User Plane interruption is considered)
	0ms can be achieved since both source and target are sending data to the UE before source is released.

	RF requirements (e.g. # of Tx/Rx)
	Depending on UE capability and deployment scenarios. Our understanding is that it depends on inter-frequency or intra-frequency handover, inter-band or intra-band handover and UE capability for RF requirements. This should be studied and confirmed by RAN1/4.
Note that the RF requirement is related if the UE can perform simultaneous tx/rx and it is not solution specific. Therefore, in case of UE not supporting real simultaneous tx/rx or the scenario not supported based on RAN1/4 feedback, TDM can be used.

	Impact on protocol stacks
	The UE has to maintain 2 protocol stack (one for source and one for target cell). A common buffer for reordering between the two protocols stacks are required before source is released. 

	UE Complexity
	Medium, the UE has to implement the dual protocol stacks. 

	NW Complexity
	Medium, the network has to implement new inter-node data forwarding and message to support simultaneous connectivity handover.

	Security handling (i.e. how many keys UE maintains)
	The UE is required to maintain two keys and perform PDCP ciphering and deciphering based on the packets received from source or target nodes.

	Applicable deployment scenario
	In LTE, there is no DC deployment and simultaneous transmission/ reception across eNB is part of the DC requirement. Therefore, it may not have immediate need in real market. 

	Necessary RLM enhancements (Stage 2 details)
	RLM should be either based on target once the UE has camp on target cell or UE perform RLM on both links and declare RLF only when both links are RLF.



2.2.4	Solution 2.4
· Company: Ericsson
· Brief description: Basically the same as solution 2.1 and 2.2 but with more detailed description of the data forwarding part and the PDCP SN handling.
· TDoc reference: R2-1817396
· Flow diagram: Same as in solution 2.1 with the following additions/modifications:
· After the HO command is sent to the UE in step 5 in solution 2.1, the source node sends the SN Status Transfer message and begins to forward the DL PDCP SDUs arriving from the gateway to the target node. The same DL PDCP SDUs that are forwarded to the target node will also be transmitted to the UE in the source cell. Important to note here is that all DL PDCP SDUs arriving from the gateway are forwarded to the target node by the source node, i.e. the source node does not apply any form of selective data forwarding. As all DL PDCP SDUs are forwarded it is sufficient for the source node to indicate the PDCP SN of the first DL PDCP SDU to the target node, which is done using the SN Status Transfer message. Note that the SN Status Transfer message also need to be sent for security synchronization reasons (HFN together with PDCP SN represent PDCP COUNT used in the ciphering/deciphering function). DL PDCP SDUs which have been PDCP processed in the source node but not yet acknowledged by the UE may also be forwarded to the target node, but in this case the PDCP SN is indicated in the GTP-U extension header as in a legacy HO. 
· The UE sends a PDCP SN Status Report to the target node for each DRB as soon as possible, either together or immediately after the HO Complete message (i.e. step 7) to enable PDCP packet duplication check in the target node. Based on the content in the PDCP Status Report the target node will avoid sending DL PDCP SDUs which was already received by the UE in the source cell. The PDCP Status Report can be multiplexed with the HO Complete message on MAC level if the provided UL grant is sufficiently large.
· The exact point when the UE stops DL data reception and UL data transmission on the source cell is FFS. However, we agree with CATT in their solution 2.2, that a good option might be to stop DL data reception on the source cell when the first DL packet is received on the target cell. Similarly, UL data transmission on the source cell can stop when the UE transmits the first UL packet on the target cell. The benefit of this is that only one of the source and target protocol stacks (i.e. PDCP/RLC/MAC) will be active in the UE at any given point in time which might simplify the specification.
· Table with metrics: Same as in solution 2.1.

2.2.5	Solution 2.5
· Company: ETRI

· Brief description: The same as Solution 2.1

· TDoc reference: R2-1818046

· Message flow: The message flow is not much different from other solutions in this group. The major difference is Step 8 (Uu Handover Indication). It can help to synchronize the handover timing between the UE, the source eNB, and the target eNB. It can minimize the mobility interruption time, simplify the data forwarding, and save the radio and X2 resources.
· 


0.	The UE context within the source eNB contains information regarding roaming and access restrictions which were provided either at connection establishment or at the last TA update.
1.	The source eNB configures the UE measurement procedures.
2: The UE reports according to the measurement configuration.
3. The source eNB decides to handover the UE, based on MeasurementReport and RRM information.
4. The source eNB issues a HANDOVER REQUEST message to the target eNB passing a transparent RRC container with necessary information to prepare the handover at the target side.
5. Admission Control may be performed by the target eNB.
6. The target eNB prepares the handover with L1/L2 and sends the HANDOVER REQUEST ACKNOWLEDGE to the source eNB, which includes a transparent container to be sent to the UE as an RRC message to perform the handover.
7. The source eNB triggers the Uu handover by sending an RRCConnectionReconfiguration message including the mobilityControlInfo to the UE, containing the information required to access the target cell.
NOTE: In legacy handover, as soon as the UE receives an RRCConnectionReconfiguration message including the mobilityControlInfo, the UE detaches from old cell. As soon as the source eNB receives the HANDOVER REQUEST ACKNOWLEDGE, or as soon as the transmission of an RRCConnectionReconfiguration message including the mobilityControlInfo is initiated in the downlink, data forwarding may be initiated.
8. The UE synchronises to the target cell and triggers the handover execution procedure by sending a HandoverIndication message to the source eNB.
NOTE: If the simultaneous connectivity is not configured, the UE can detach from old cell after step 8.
NOTE: If the UE supports the simultaneous connectivity of PDSCH addressed to the C-RNTI and PDSCH addressed to the RA-RNTI, the UE may send a HandoverIndication message after step 11.
NOTE: If allowed, the HandoverIndication message may include a transparent container to be sent to the target eNB as an RRCConnectionReconfigurationComplete message (C-RNTI) to confirm the handover.
9. The source eNB sends the SN STATUS TRANSFER message to the target eNB. It can include a HandoverIndication to notify the target eNB of the immediate access of the UE.
NOTE: As soon as the source eNB receives the HandoverIndication message, data forwarding may be initiated. In Rel-14 Make-Before-Break handover, the source eNB decides when to stop transmitting to the UE and to start data forwarding.
10. If RACH-less HO is not configured, the UE accesses the target cell via RACH.
11. If RACH-less HO is not configured, the target eNB responds with UL allocation and timing advance.
11a. If RACH-less HO is configured and the UE did not get the periodic pre-allocated uplink grant in the RRCConnectionReconfiguration message including the mobilityControlInfo, the UE receives uplink grant via the PDCCH of the target cell. The UE uses the first available uplink grant after synchronization to the target cell.
NOTE: As soon as the target eNB receives the HandoverIndication via the source eNB, dynamic UL allocation for RACH-less HO may be initiated. In Rel-14 RACH-less HO, the target eNB decides when to start dynamic UL allocation for RACH-less HO.
12. The UE sends the RRCConnectionReconfigurationComplete message (C-RNTI) to confirm the handover, along with an uplink Buffer Status Report, and/or UL data, whenever possible, to the target eNB.
12a. If the target eNB has not received a HandoverIndication via the source eNB yet, the target eNB sends the HANDOVER INDICATION message to notify the source eNB of the handover completion of the UE. 
NOTE: The target eNB may send the HANDOVER INDICATION message after it receives the dedicated preamble from the UE.
13. The target gNB sends a PATH SWITCH REQUEST message to MME to trigger S-GW to switch the DL data path towards the target eNB.
14. The S-GW switches the DL data path towards the target eNB. The S-GW sends one or more "end marker" packets on the old path to the source eNB.
15. If the simultaneous connectivity is configured, the UE can detach from old cell after some DL receptions from the target eNB after sending a HandoverIndication message to the source eNB.
NOTE: In other ways, to release the old cell connection, the source eNB can send an RRCConnectionRelease message, or the target eNB cans send an RRCConnectionReconfiguration message including oldCellRelease, to the UE. 
16. The MME confirms the PATH SWITCH REQUEST message with the PATH SWITCH REQUEST ACKNOWLEDGE message.
17. By sending the UE CONTEXT RELEASE message, the target eNB informs success of HO to source eNB and triggers the release of resources by the source eNB. The target eNB sends this message after the PATH SWITCH REQUEST ACKNOWLEDGE message is received from the MME.
18. Upon reception of the UE CONTEXT RELEASE message, the source eNB can release radio and C-plane related resources associated to the UE context. Any ongoing data forwarding may continue.

· Table with metrics: We have the same view as OPPO, CATT, and Intel except “Necessary RLM enhancements (Stage 2 details)”. We think that RLM should be based on target once the UE successfully accesses target cell. If necessary, UE can perform RLM on source link and release the source cell if the link experiences RLF.


[bookmark: OLE_LINK2]2.2.6	Solution 2.6
· Company: ZTE

· Brief description: similar as solution 2.3. The main difference is that there’s only one stream of data from the UE perspective. The UE keeps data transmission with the source while it performs random access to the target. As soon as random access succeeds, the UE performs PDCP data recovery, stops DL/UL transmission with the source and start DL/UL data transmission with the target.

· TDoc reference: R2-1816860 (but the solution suggested here is not exactly the same as in the reference)

· Message flow: 
[image: ]
The message flow is generally the same as solution 2.3, with the following differences:
Step 6 (This step is similar as bullet 1 in solution 2.4): After sending the HO Command, the source eNB begins DL PDCP SDUs (with the corresponding COUNT) forwarding to the target. The same DL PDCP SDUs that are forwarded to the target will also be transmitted to the UE in the source cell. It should be noted that here the source forwards all the PDCP SDUs from the gateway to the target, i.e. the source does not apply any form of data selection. DL PDCP SDUs which have been processed in the source but not acknowledged by the UE can also be forwarded to the target (with the corresponding COUNT). In this way, all the PDCP SDUs are duplicated in the source and target, which can avoid data loss when the UE stops data reception in the source after it successfully accesses the target.
Step 8 (This step is similar as bullet 2 in solution 2.4): The UE sends a PDCP STATUS REPORT to the target either together or immediately after the sending of the HO Complete message to enable PDCP packet duplication check in the target.  Besides, the UE also sends BSR to the target either together or immediately after the sending of the HO Complete message to enable the target to do UL scheduling correspondingly.
Step 9: After the indication from MAC that random access succeeds, the UE stops DL/UL transmission with the source, performs PDCP data recovery and start DL/UL transmission with the target. In this way, there’s only one protocol stack (i.e. MAC/RLC/PDCP (de)ciphering) active in the UE at any given time, which would simplify the specification and reduce the UE complexity. Besides, the solution can also be applied to intra-frequency handover without the need of complex TDM negotiations between source and target. It should be noted that intra-frequency handover is the majority case in the existing network. PDCP data recovery is to avoid data loss when the UE stops UL transmission in the source after it successfully accesses the target.
Step 12: After stopping data transmission, the source sends SN STATUS TRANSFER to the target. One purpose is to assist the target to generate PDCP STATUS REPORT to the UE to enable PDCP packet duplication check. Based on the PDCP STATUS REPORT, the UE can avoid sending UL PDCP SDUs which have already been received by the source. Another purpose is that the target can perform duplication check for the received UL PDCP SDUs.
Step 13: The release of the source can be for further study. It can be UE implementation based, timer based, or NW trigger based.  
· Table with metrics:

	Metric
	Comment

	Total interruption time (please describe if it differs for UL and DL and point out whether RF or User Plane interruption is considered)
	0ms user plane interruption time can be achieved for both UL and DL since the UE keeps the connection to the source cell until the connection with the target cell is completed.

	RF requirements (e.g. # of Tx/Rx)
	To achieve 0ms user plane interruption time, the UE should keep data transmission with the source while performing random access with the target, so dual Tx/Rx chains should be supported by UE. However, further considerations on the requirements need to wait for RAN4’s LS response.

	Impact on protocol stacks
	The PDCP protocol stack includes separated sub-functions of (de)ciphering and unified sub-functions of SN allocation, reordering and duplication detection. 

	UE Complexity
	The UE has to maintain 2 protocol stacks (i.e. MAC/RLC/PDCP (de)ciphering), one for source and the other for target. However, there’s only one protocol stack active at any time in the UE. So the UE only needs to handle one set of keys at any time.

	NW Complexity
	The network has to implement new inter-node data forwarding and message to support the mobility enhancement.

	Security handling (i.e. how many keys UE maintains)
	The UE is required to maintain two keys. However, since there’s only one protocol stack active at any time in the UE. So the UE only needs to handle one set of keys at any time.

	Applicable deployment scenarios
	The solution is enhanced based on the existing MBB mechanism. Can be applied for all the cases listed in the WI, including:
- Inter and intra frequency handover
- Inter and intra eNB handover
- Sync and async deployments

	Necessary RLM enhancements (Stage 2 details)
	Simultaneous RLM on both links is not required. The RLM on source link maintains until UE successfully accesses the target cell, and then the RLM on target link starts.




2.2.7	Solution 2.7
Company : Qualcomm
Tdoc Reference : R2-1817813 [5]
Brief Description :
- Non-split bearer architecture & Enhanced verison of Make Before Break. During HO execution, UE maintains connection with both source and target eNBs using dual protocol stack .
- Common PDCP used at UE for both stacks and 2 PDCP entities are used at NW side (source and target eNB PDCPs)
In DL, source eNB PDCP performs SN allocation and Target eNB PDCP does Security, ROHC, PDCP header addition functionality for PDCP SDUs received over X2. In DL, data is duplicated from both source and target eNB . 
In UL, Once UE sends RRC Reconfig Complete message to target eNB, UE send UL data only to target eNB and no UL data duplication. Target eNB directly sends received UL data packets in-sequence to SGW.
UE maintains connection with source eNB until it rceives explicit release from traget eNB or timer based release by UE.
Delta with other solutions :
Solution 2.1, 2.2 assumes UL data duplicated on both source and target links and target eNB acts as anchor. In QC solution, UL data is sent only to target eNB once UE successfully sends RRC Reconfig Complete Message to eNB.
Solution 2.3 call flow is very much similar to QC proposed solution. But solution 2.3 assumes common ROHC at source eNB . If ROHC is at source cell, target eNB has to send UE compressed ROHC packets to source cell and source cell has to send UL packets to SGW. But UL data can be sent directly from target cell to SGW if ROHC is maintained at target cell and avoids UL X2-U data packet forwarding from target to source cell.
If source maintains ROHC, during path switch procedures (during transition period) , for a period of time target cell will have S1-U received packets ROHC compressed by target cell and X2-U received packets ROHC compressed by source cell. In this case, UE has ambiguity about which cells ROHC context to be used for de-compression of data received from target cell.  
I think to avoid this ambiguity issue, there is need to have ROHC to be done at target cell instead of source cell as shown in this diagram. Which needs UE to maintain source and target cell ROHC context separately during HO execution. (similar to separate security key handling)


Call Flow & description :



Below are the key enhancements to the LTE MBB HO procedures to support “close to 0ms” Interruption HO:
· At step 7, upon receiving the ‘enhanced 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 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 separate security and ROHC 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. Upon receiving DL data packets from both source and target eNB links, UE common PDPC will apply re-ordering and duplicate detection/discard function similar to the split bearer operation.
· 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

Metrics Table :
Metric tables are similar to solutions 2.1, 2.2 & 2.3 excpet for RLM . 
For RLM, we tend to have same view as specified in solutions 2.2, 2.3 and 2.6

2.2.8	Solution 2.8
· Company: InterDigital

· Brief description: Solutions targeting reduced interruption time are at least in part dependent on the reliability of reconfiguration procedure. One target could be to ensure the same level of reliability for interruption reduction solutions as can be achieved with robustness improvement solutions.

· TDoc reference: R2-1816785

· Message flow: Taking solution 2.7 as a baseline with the following modifications:

· At step 7, the RRC reconfiguration request may include configuration associated with a trigger condition in addition to enhanced make-before-break indication. The exact trigger condition could be FFS. Upon reception of such message, the UE may monitor for trigger condition, while still containing data TX/RX with the source cell (at step 8). When the trigger condition becomes true, the UE may start executing the HO towards the target cell (step 9), while still continuing data TX/RX with the source cell.

· Table with metrics: Same as in solution 2.7, with the additional NW/UE functionality to configure and monitor the trigger condition associated with handover.


Figure 2.9-1: signalling flow for solution 2.9

1. Protocol design:
For DL, we think that common PDCP used at UE for both stacks and 2 PDCP entities are used at NW side (source and target eNB PDCPs). SN allocation is common and located in source eNB firstly, then transferred to target eNB lately, while separate security/RoHC and RLC/MAC/PHY stacks are separately located in the source eNB and the target eNB.
For UL, if UE is only capable of 1Tx, then the uplink transmission design in solution 2.7 could be considered, i.e. UE sends only to target eNB and no UL data duplication; if UE is capable of 2Tx, then the design in solution 2.1 could be considered, i.e. UE can send data to both eNBs.

2. Data forwarding:
During the eMBB handover, there may be several solutions on data forwarding. One is that the target eNB could send an indication to trigger data forwarding for the source eNB. We are also open to other alternatives, e.g. solution 2.4.

3. Release of connection with the source eNB:
During the eMBB handover, there may be several solutions on release of connection with the source eNB for UE. One possible way is that the target could send the DL RRC message to UE to explicitly release the connection with source eNB, and the other one is an implicit way, e.g. based on a pre-configured timer.

4. UE capability of DL and UL:
For DL, it is our understanding that most companies take 2Rx as a working assumption, i.e. the UE may be able to receive data simultaneously from both the source eNB and the target eNB.
For UL, it may be 1Tx or 2Tx, and it may impact protocol stack design and signalling flows.


In addition, after a quick review on all non-split bearer solutions so far, i.e. from solution 2.1 to solution 2.9, we have the following observations:
· there are lots of commonalities among these solutions
· there are some differences for the above four aspects, i.e. protocol design, data forwarding, release of the connection with source eNB, UE capability of DL and UL. So far, we see that there are already some candidate solutions for these aspects, and they are all feasible. In addition, for data forwarding, it is under RAN3 responsibility and RAN2 could agree on the feasibility of data forwarding part for non-split solution, and then RAN3 could start its work in the work phase if possible


· Table with metrics: Metric tables are similar to solutions 2.1 except for RLM part. For RLM part, basically we tend to agree with the anlyais in solution 2.2, i.e. ”Simultaneous RLM on both links is not required. The RLM on source link maintains until UE successfully accesses the target cell, and then the RLM on target link starts.”, because we think it is a simple approach.
2.2.9	Solution 2.9
· Company: Huawei, HiSilicon

· Brief description: This solution is an enhancement of Rel-14 MBB solution, during handover, UE could maintain connections with both the source eNB and the target eNB. Protocol stacks and signalling flows are similar to solution 2.1 and 2.6 (and also some other solutions).

· TDoc reference: R2-1818078 [11]

· Message flow: The following figure shows a basic message flow. The key procedures/differences are listed as below.



Figure 2.9-1: signalling flow for solution 2.9

1. Protocol design:
For DL, we think that common PDCP used at UE for both stacks and 2 PDCP entities are used at NW side (source and target eNB PDCPs). SN allocation is common and located in source eNB firstly, then transferred to target eNB lately, while separate security/RoHC and RLC/MAC/PHY stacks are separately located in the source eNB and the target eNB.
For UL, if UE is only capable of 1Tx, then the uplink transmission design in solution 2.7 could be considered, i.e. UE sends only to target eNB and no UL data duplication; if UE is capable of 2Tx, then the design in solution 2.1 could be considered, i.e. UE can send data to both eNBs.

2. Data forwarding:
During the eMBB handover, there may be several solutions on data forwarding. One is that the target eNB could send an indication to trigger data forwarding for the source eNB. We are also open to other alternatives, e.g. solution 2.4.

3. Release of connection with the source eNB:
During the eMBB handover, there may be several solutions on release of connection with the source eNB for UE. One possible way is that the target could send the DL RRC message to UE to explicitly release the connection with source eNB, and the other one is an implicit way, e.g. based on a pre-configured timer.

4. UE capability of DL and UL:
For DL, it is our understanding that most companies take 2Rx as a working assumption, i.e. the UE may be able to receive data simultaneously from both the source eNB and the target eNB.
For UL, it may be 1Tx or 2Tx, and it may impact protocol stack design and signalling flows.


In addition, after a quick review on all non-split bearer solutions so far, i.e. from solution 2.1 to solution 2.9, we have the following observations:
· there are lots of commonalities among these solutions
· there are some differences for the above four aspects, i.e. protocol design, data forwarding, release of the connection with source eNB, UE capability of DL and UL. So far, we see that there are already some candidate solutions for these aspects, and they are all feasible. In addition, for data forwarding, it is under RAN3 responsibility and RAN2 could agree on the feasibility of data forwarding part for non-split solution, and then RAN3 could start its work in the work phase if possible


Table with metrics: Metric tables are similar to solutions 2.1 except for RLM part. For RLM part, basically we tend to agree with the anlyais in solution 2.2, i.e. ”Simultaneous RLM on both links is not required. The RLM on source link maintains until UE successfully accesses the target cell, and then the RLM on target link starts.”, because we think it is a simple approach.
2.2.10	Solution 2.10
· Company: Nokia

· Brief description: 
Alternative enhanced MBB solution. The basic principles of the proposed solution would be as follows:
· UE does not execute the HO command immediately but retains connection to the source while executing RACH towards the target.
· Once RACH has been successful, network indicates to UE to resume the HO, at which time UE connects to target cell in the same way as with RACH-less HO.
· Since there is no RACH at HO execution, UE just sends Msg5 to target eNB and resumes UP there.

· TDoc reference: R2-1817692 [4]

· Message flow:




Steps 1-7 are identical as in the legacy operation. After decoding the HO Command, the UE starts RA procedure using second TRX. At the same time, data communication with the source eNB continues, using first TRX. When RACH is successfully completed, the source eNB is informed about that, either by the target eNB or by the UE. Upon that, source eNB triggers the UE to resume the HO. The UE sends RRC Connection Reconfiguration Complete and can start to exchange the packet data with the target cell.
	Metric
	Comment

	Total interruption time (please describe if it differs for UL and DL and point out whether RF or User Plane interruption is considered)
	The achievable interruption is below 5 ms. There is no delay due to UE processing for RF/baseband retuning.  

	RF requirements (e.g. # of Tx/Rx)
	2 TRXs are needed

	Impact on protocol stacks
	Single protocol stack is kept all the time.

	UE Complexity
	Medium (single protocol stack, dual Tx/Rx)

	NW Complexity
	Medium (scheduling and HO timing changes)

	Security handling (i.e. how many keys UE maintains)
	Key change is executed when HO is resumed (Step 10).

	Applicable deployment scenarios
	Suitable to all scenarios

	Necessary RLM enhancements (Stage 2 details)
	The link to source eNB needs to be monitored longer, as the UE stays in the source cell even after the reception of HO command. No need to simultaneously monitor two links (data exchange via target cell link starts after the UE has left the source cell)



2.2.11	Solution 2.11
-	Company: Samsung
-	Brief description: Extended Rel-14 MBB solution
-	The overall framework is the same as Rel-14 MBB solution.
-	Once a UE receives the HO command from the network, it keeps its communication with the source eNB as in the Rel-14 MBB.
-	There are two sub-flavours for the UE behaviour depending on the UE HW capability
-	a) 2 RX / 1 TX: The overall UE behaviour will be identical as in Rel-14 MBB with the only difference that the second Rx chain will allow a UE to perform RF sync to the target cell without interrupting the first Rx chain that continues data reception  from the source eNB. In other words, RF sync interruption time as expressed in RAN4 specifications can be 0..1ms, as was already contemplated back in Rel-14. The overall UP interruption time will be larger due to the fact that RACH procedure still has to be executed towards the target cell (which in fact can be solved with the Rel-14 RACH-less feature). From the NW side perspective, the UE behaviour will be same as for Rel-14 with the only difference that a UE will appear faster in the target cell, i.e. Rel-14 NW side MBB implementation is fully re-used.
-	b) 2 RX / 2 TX: The final solution will be similar to the one described in 2,2.10. 2 RX chains will allow a UE to perform RF sync and tuning to the target cell without interrupting its communication with the source eNB. At the same time, 2 TX chains will also allow a UE to perform RACH procedure in the target cell. The resulting combined interruption time can be close to 0..1ms. Rel-14 NW side MBB implementation can be fully re-used. 

	Metric
	Comment

	Total interruption time (please describe if it differs for UL and DL and point out whether RF or User Plane interruption is considered)
	The RF sync interruption time can be 0..1ms. 
The overall UP interruption time will depend on how many Tx chains a UE has. With 2 Tx chains a UE can perform RACH procedure in the target cell in parallel resulting in the interruption time close to 0ms. However, even with 1 Tx chain, still the RACH-less feature can be used.   

	RF requirements (e.g. # of Tx/Rx)
	2 RX are needed.
Both 1 or 2 TX options are possible, which will govern the final interruption time. That will provide some additional flexibility to the UE HW design as we cannot anticipate that all the UEs will support 2 Tx, especially if a UE does not support UL CA or DC.

	Impact on protocol stacks
	Single protocol stack is kept all the time, same as legacy Rel-8 behaviour

	UE Complexity
	Protocol level complexity is same as for Rel-14 MBB.
RF complexity will mostly depend on whether 1 or 2 Tx chains are used.

	NW Complexity
	Same as Rel-14 MBB implementation.

	Security handling (i.e. how many keys UE maintains)
	Same as legacy Rel-8 behaviour.

	Applicable deployment scenarios
	Suitable to all scenarios, i.e. intra-frequency, inter-frequency and inter-band.

	Necessary RLM enhancements (Stage 2 details)
	None 




2.2.12 Solution 2.12
-	Company: CMCC
-	Brief description: Our solutions are focused on the downlink side. UE keeps the connections with both source eNB and target eNB by maintaining two protocol stacks (PHY/MAC/RLC/PDCP). For PDCP, separate (de)ciphering / (de)compression and unified SN assignment / reordering / duplication detection are supported. At network side, during simultaneous transmission, for downlink, the source eNB assigns the SN for received packets from the serving gateway, then source eNB and target eNB compresses and ciphers the PDCP SDU separately; 

· TDoc reference: R2-1818139


· 
Message flow:















· downlink data should be forwarded to the target eNB as soon as possible after sending HO command to the UE. 
· SNs of the PDCP PDUs acknowledged by the UE should be notified to the target eNB by the source eNB via Xn interface, until the source eNB receives status report as the confirmation of the succss of the HO from the target eNB. 
· SN enquiry is required to be sent to the source eNB by the target eNB, after target eNB receives the RRC Connection Reconfig. Complete message from the UE. 
· Once upon receiving the SN enquiry, the source gNB responses the target gNB with a SN report to let the target gNB be further synchronised with the downlink transmission status of the source gNB.
· Once upon receiving the SN report, the source gNB triggers the UE to stop receiving the downlink data from the source gNB and release the related resources (detach from the source gNB).
	Metric
	Comment

	Total interruption time (please describe if it differs for UL and DL and point out whether RF or User Plane interruption is considered)
	 0 interruption time for DL

	RF requirements (e.g. # of Tx/Rx)
	2 RX is needed, otherwise 1 RX if TDM is supported

	Impact on protocol stacks
	Same as 2.1

	UE Complexity
	Same as 2.1

	NW Complexity
	Same as 2.1

	Security handling (i.e. how many keys UE maintains)
	Same as 2.1

	Applicable deployment scenarios
	Same as 2.1

	Necessary RLM enhancements (Stage 2 details)
	Same as 2.1




3	Discussion
In this section, companies are kindly asked to provide their support for any of the solutions gathered in Section 2, in the course of Phase 1. A brief summary of what has been provided and how to proceed, ensuring the highest chances of reaching the convergence:
· [bookmark: _Hlk536027795]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.
As a result, we would like to invite the companies to answer the following questions:
Question 1: Are you OK with the aforementioned summary of the solutions submitted to Section 2?  
	Company
	YES/NO + background

	Ericsson
	Yes

	CATT
	Yes

	QC
	Yes

	Huawei, HiSilicon
	Yes

	OPPO
	Yes

	China Telecom
	Yes

	ITRI
	Yes

	ETRI
	Yes

	Nokia
	Yes

	Mediatek
	Yes

	Intel 
	Yes

	Samsung
	YES

	LG
	Yes

	ZTE
	Yes

	Charter Communications
	Yes

	vivo
	Yes

	Xiaomi
	Yes



Question 2: Are you OK with the non-split bearer solution candidate and “common details” listed above?
	Company
	YES/NO + background

	Ericsson
	Yes.
Regarding the “detach from source” we assume the rapporteur refers to when the source node detaches the UE (i.e. when the source node learns that the UE has connected to the target cell and stops UL/DL transmission to the UE in the source cell). It is important to distinguish this from when the UE detaches from the source node (i.e. when the UE stops UL/DL transmission in the source cell) as these events may occur at different points in time.
We agree that SN assignment is done by the source node but we also need to discuss how the assigned SN is conveyed to the target node (via SN status transfer or via GTP-U extension header). For security synchronization reasons also the HFN need to be transferred from the source to the target node. How and when this is done need to be discussed.

	CATT
	YES
Regarding SN assignment, we agree with Ericsson that it is done by the source node, but we think how to transfer the SN to target node should be decided by RAN3.

	QC
	Yes 
We think that UE detaches from source cell upon receiving explicit RRC indication from target eNB.  Upon receiving RRC Reconfig Message from UE, target eNB sends X2 indication to source eNB to release connection with UE and stop scheduling any data to UE. Target eNB can provide indications to both UE and source eNB at same time.
For SN transfer, we have agree with Ericsson comment.

	Huawei, HiSilicon
	Yes
We also need to discuss when the RRC responsibility and SN assignment transfer to target eNB. They can be performed after data forwarding, or at the same time. The optional triggering approaches are similar to those for data forwarding.

	OPPO
	Yes
We also agree that SN assignment is done by the source node, how and when to transfer the SN should also be studied.

	China Telecom
	Yes
We think the target eNB first sends indication to the source eNB to stop data transmission to UE, and then sends indication by RRC to the UE to detach from the source eNB.
We also agree with other companies that detailed approach for SN transfer should be studied. 

	ITRI
	Yes
Regarding the details of UE detaches from source cell, we think the timing should be after the beginning of data forwarding and the completion of RA procedure. Event-trigger, e.g., RRC signaling reception, and timer-based trigger may be two options to trigger the detachment. 

	ETRI
	Yes
Regarding the “detach from source” and SN assignment, we agree with Ericsson.

	Nokia
	YES
We are OK with those high-level common aspects listed above. Obviously, their details may differ, also depending whether we continue with single or two protocol stacks active at a time. 

	Mediatek
	Agree with Nokia that those high-level common aspects listed above are acceptable, but the details need further discussion. 
For ROHC, we are OK that it is executed at the target side, but we think the same ROHC profile can be used by both the source and the target. We are not convinced that different ROHC profiles need to be utilized by the same EPS bearer during HO. 
For source cell detach, the detailed procedure and signaling need further discussion. In one option, the time points of UE detaching from source node and source node detaching from UE are artificially decoupled, assuming that UE detaching from the source is controlled by certain events, while source detaching from UE is controlled by the target node. However, if the source node can release the connection with the UE itself, the time point of UE detaching from source and the source detaching from UE is the same, i.e. upon reception of the release message from the source node.           

	Intel
	Regarding ROHC handling, further discussion is needed on whether source maintain ROHC on behalf of target similar as SN assignment, or source and target maintain ROHC separately (same context or different context).

	Samsung
	We agree with MediaTek that UE detaching from the source eNB and source eNB detaching from the UE are artificially decoupled. Most likely these events happen at the same point of time and the only question is whether they are triggered by some explicit command from the source eNB or by UE. As a reminder, there was a long discussion on this topic back in Rel-14, and that time we adopted an approach the detach process is effectively triggered by the UE. Once a UE is not in the cell anymore, it will stop transmitting UL control channels which will obviously be detected by eNB, even as per existing implementations which handle a similar situation. We also contemplated several "explicit" detach commands, but most of them ended up being less efficient. 

	LG
	Yes

	ZTE
	YES, but with the following considerations:
Regarding the HFN transfer, we agree with Ericsson that besides the SN, HFN should also be transferred to the target.
Regarding the detachment from source, we agree with Ericsson that we need to distinguish between when the source node detaches the UE and when the UE detaches from the source node (or stop data transmission with the source node). 
Regarding the ROHC handling in case of non-split bearer solution with dual protocol stacks active at a time, we agree that in LTE, dual ROHC can be executed at the source node and target node respectively because data delivered from the entity RLC is in order. However, it should be noted that we also have a mobility enhancement WI for  NR, so it’s better to find a unified solution which can work both for LTE and NR. However in NR, data delivered from the RLC entity is out of order. And due to the fact that data would be split to the source and target in this case, ROHC could only be performed in one single node, i.e. after the unified PDCP reordering and duplication detection.

	Charter Communications
	Yes
· We agree with Ericsson and others wrt SN assignment role, security related aspects (e.g. HFN), and the corresponding need to flush out further details
· Regarding UE’s detachment, we agree with Samsung in that while explicit detach indication in UEsource node direction may be beneficial, the efficiency gain may not be valuable. An explicit detach indication in source nodeUE direction (in either single stack or dual stack case) while beneficial may not be effective as deterioration of source cell conditions can’t always be predicted
· While we support harmonized solutions for LTE and NR wherever possible, contrary to ZTE’s opinion, for this case we are okay with having different designs for ROHC handling. We’d like to keep impact to LTE baseline specifications to a minimum whilst ensuring that NR design doesn’t get restricted due to legacy (LTE) issues.

	vivo
	Yes.
The details on how to handle ROHC, security, data forwarding, RRC-signaling procedure, and RLF/HOF should be discussed further.

	Xiaomi
	Yes
We are OK with these high-level common details listed above.



Question 3: Please provide your further comments regarding the FFS points for the non-split bearer solution candidate with single protocol stack active at a time, listed above
	Company
	Comments

	Ericsson
	Suggest to remove “stage-3 details” and only say that detach from source and data forwarding is FFS since we haven’t agreed on stage-2 yet.
Regarding the detach from source, as pointed out in our answer to question 2, we need to distinguish between when the source node detaches the UE and when the UE detaches from the source node as these are two different things (i.e. network side vs UE side).

	Huawei, HiSilicon
	We still need RAN1/4 reply to pursue this option, because we think two protocol stacks active at a time is our priority, if it can’t be supported due to limit on UE capability we can continue studying this option.

	ITRI
	As the goal is to achieve 0ms interruption time, we think simultaneous transmission and reception to/from both cells (including RA procedure) are needed, but this still highly depends on RAN1/4’s replies and how many protocol stacks should be active at a time can be FFS.
About the details of UE detaches from source cell, our opinion is the same as what we reply for Question 2.

	Nokia
	Simultaneous Tx/Rx to/from two cells/eNBs is still pending the feedback from RAN1 and RAN4. However, our view is that RAN2 shall not try to achieve 0 ms interruption at all costs, for LTE Rel-16.
Detach from the source is an important topic and shall be addressed in a way ensuring a predictable behavior – better than Rel-14 make-before-break approach. Thus, explicit procedure/signaling needs to be captured in the specs.
Data forwarding shall be discussed in detail in RAN3.  However, we think this shall happen rather “late”, e.g.after RAR/before Msg3.

	Mediatek
	For LTE Rel-16, the goal is to reduce the interruption close to 0ms.Considering the cost of supporting simultaneous Tx/Rx with two nodes at the UE side,single active protocol can be considered for the UE with limited capability.

	Intel
	It is related to the feedback from RAN1/4, whether it is feasible or not. 
It is unclear whether TDM can be counted as single active protocol at a time? We assume it should be, i.e. even if the UE maintains two protocol stacks, but only one work at a time. 

	Samsung
	As we explained in our discussion papers, low end UEs may have 2RX/1TX architecture. However, the 2RX assumption will already bring noticeable gains as perceived by the RAN4 performance requirements because Rel-14 MBB performance requirements assume 1RX/1TX.  High-end UEs may have 2RX/2TX architecture which in principle will allow for even smaller interruption time as a UE will be able to perform RACH to the target cell without breaking a connection to the source one. As we explained in our paper, 2RX/1TX versus 2RX/2TX is completely transparent to the network and is visible only at the level of the actual interruption time.



	LG
	We are OK with the current FFS.

	ZTE
	First of all, it should be noted that in this solution, the UE keeps data transmission with the source cell until successfully access the target cell. So 0ms interruption can be achieved. 
Secondly, in this solution, only the RACH procedure would be processed simultaneously with data transmission in source node. The concurrent time will be short and the RACH procedure should be prioritized. So from this point of view, unlike the solution with two protocol stacks active at a time, no capability coordination between the source and target is needed in this solution. 
With the above two considerations, we propose to pursue this solution with the first priority.
Regarding the detachment from source, we agree with Ericsson that we need to distinguish between when the source node detaches the UE and when the UE detaches from the source node (or stops data transmission with the source node). To keep a single protocol stack active at the UE side, the UE should stop data transmission with the source as soon as it successfully accesses the target.
Regarding data forwarding, we agree with Ericsson’s opinion for Q4 that to achieve ~0ms interruption time we cannot ignore the X2 latency. So in this solution, data forwarding should be started as soon as possible after issuing the HO command to the UE. And to avoid data duplication as much as possible, the UE should include a PDCP STATUS REPORT in the first UL data transmission to the target.

	vivo
	Not sure how to keep single protocol stack active, but still have RACH procedure at the target node and the data transmission at the source connection. If there is no UE RF capability difference regarding simultaneous Rx/Tx between single active protocol stack and two active protocol stacks, maybe we should go for the one with less interruption and less spec impacts. 
The uplink data forwarding procedure before path switching is still not clear to us. 

	Xiaomi
	Simultaneous tx/rx with more than one cell is needed, otherwise this solution falls into R14 MBB.
Detach timing need further discussion. Generally, we agree with Nokia, predictable behavior is preferred.



Question 4: Please provide your further comments regarding the FFS points for the non-split bearer solution candidate with two protocol stacks active at a time, listed above
	Company
	Comments

	Ericsson
	Data forwarding needs to be discussed in RAN2 as well since data forwarding (including how and when SN STATUS TRANSFER message is sent) will have an impact on the whole concept. If we want to achieve ~0ms interruption time we cannot ignore the X2 latency and we need to avoid duplicate data transmission in the target node (as this is effectively the same thing as data interruption).
In our opinion data forwarding (including the SN STATUS TRANSFER) should start as soon as possible after transmission of the HO command to ensure that DL data is available when the UE arrives in the target cell. 
Same comment as in Question 3 regarding stage-3 vs stage-2 and detach from source.

	CATT
	The description of data forwarding is not accurate, for example, all options are done after the HO command, and what is described should be based on behavior of the source eNB. In our opinion, potential options include: 
1. starts immediately after the HO command;  
2. Starts after receiving an explicit indicator from the target eNB;
3. Starts after receiving an explicit indicator from the UE 
4. Starts when the source eNB decides to stop exchanging data with the UE, and the timing is determined by implementation.
We think these options should be discussed in RAN3, like R14 has done.

	QC
	We are open to discuss possibility of starting point for data forwarding from source to target eNB . 
Option 1 : source eNB can start duplicating/forwarding data to target eNB soon after sending HO command to UE . But here we need to consider the case if CHO command is issued to UE or not, it is better not to start forwarding data soon after sending CHO command to UE. (Assume that CHO can be combined with MBB HO for additional HO robustness & reliability)
 Option 2: Upon target eNB sending an explicit indication to source eNB, start data transfer from source to target eNB.
We think that UE detaches from source cell upon receiving explicit RRC indication from target eNB.  Upon receiving RRC Reconfig Message from UE, target eNB sends X2 indication to source eNB to release connection with UE and stop scheduling any data to UE. Target eNB can provide indications to both UE and source eNB at same time.
About simultaneous Reception and Transmission data to both source and target eNB, we think that UE can receive DL data simultaneously (duplicated for reduced DL interruption time) and transmit UL data to only one eNB (i.e UL data transmission from UE to source eNB until HO is successfully completed by sending RRC Reconfig Complete message to target eNB and then switch UL data transmission to target eNB only)  

	Huawei, HiSilicon
	The simultaneous transmission and reception are needed, and we can discuss the detailed impact on RAN2 after RAN1 and RAN4 provide their replies. But anyway we can focus on pure high layer part. 
For detaching, UE detaches from source eNB is our preference because it is not necessary to trigger RLF when the signal quality of source eNB is under the RLF threshold, it may trigger to detach instead. 
For data forwarding, option 1 and 2 are both ok for us. 

	OPPO
	We think the simultaneous transmission and reception to/from more than one cell is needed, and the detail discussion can be based on the LS reply form RAN4.
For data forwarding, we are open with the options listed above:
· For option 1,  the source node forwards the data to the target after HO command;
· For option 2 and option 3, an explicit indication to the source node (either from the target eNB or from the UE) is required.


	China Telecom
	We agree that simultaneous transmission and reception to/from more than one cell is needed, and this should be confirmed based on the LS reply from RAN1 and RAN4.
Regarding to the starting point of data forwarding, we agree with Ericsson that is should start as soon as possible after transmission of the HO command.

	ITRI
	Among the three options for timing of data forwarding, option 1 is ok for us because 1) DL data can be available on target eNB before connection between UE and target eNB is established and 2) source eNB is aware of the timing (without additional notification signaling). We also agree that ‘after source eNB receives an explicit indicator (either from target eNB or from UE)’ can be potential option(s) for further discussion.
About the details of UE detaches from source cell, our opinion is the same as what we reply for Question 2.
About simultaneous transmission and reception to/from both cells, our opinion is the same as what we reply for Question 3.

	ETRI
	Regarding the description of data forwarding, we agree with CATT, and we agree with Ericsson that data forwarding needs to be discussed in RAN2 as well and we cannot ignore the X2 latency. Also we agree with Ericsson that we need to avoid duplicate data transmission in the target.
1. starts immediately after the HO command:  it is too early and cannot support the CHO well
2. starts after receiving an explicit indicator from the target eNB: it is too late
3. starts after receiving an explicit indicator from the UE: the best option 
4. starts when the source eNB decides to stop exchanging data with the UE, and the timing is determined by implementation: it is not accurate.
In addition, we think the discussions are needed on how long simultaneous transmission and reception to/from more than one cell is performed (e.g., up to the first DL packet, some DL packets, or longer) 

	Nokia
	A lot depends on the feasibility of simultaneous TRX, to be confirmed by RAN1 and RAN4. If it is not doable, then the expense of having two active protocol stacks may not be worth it. And the complexity starts to become similar to DC-based HO. 
As commented for Q3, we think the forwarding shall happen rather “late” and could be also related to indication(s) the UE has successfully accessed the target. 
Detach from the source shall happen upon the explicit indication (preferably not sent from the UE).

	Mediatek
	For data forwarding, agree with Ericsson that data forwarding needs to be discussed in RAN2 and X2 latency should be considered. Data forwarding should be performed as soon as possible after transmission of the HO command.
Detach from the source node should be controlled by explicit signaling. It can be controlled by the source node or the target node. If detaching from the source can be controlled by the source node itself, the time point for UE detaching from the source node and source node detaching from the UE is the same. 
Beside the FFS issues for data forwarding and detaching from the source node, we think there is another problem need to take care, i.e. PDCP SN continuity for DL packets. When the SN numbering function needs to be relocated from the source eNB to the target eNB, the source eNB needs to inform the target eNB form which SN it can start to use, i.e. through SN status transfer procedure. In normal HO procedure, the source should stop data transmission with the UE first and then begins SN status transfer procedure. However, considering the X2 latency, the SN may be still being consumed by the source when perform SN status transfer and data forwarding to the target. One solution is a range of SN are reserved at the source side when source side begins to perform SN status transfer. The range of SN reserved by the source side should not be too large. The PDCP SDUs which are not successfully transmitted by the source cell will be retransmitted by the target later. 


	Intel
	We tend to agree, X2 latency needs to be considered. As described in TS36.300, “
As soon as the source eNB receives the HANDOVER REQUEST ACKNOWLEDGE, or as soon as the transmission of the handover command is initiated in the downlink, data forwarding may be initiated.”, option 1 (the transmission of the handover command), and option 0 “the source eNB receives the HANDOVER REQUEST ACKNOWLEDGE” are existing behavior, although it is kind of network implementation. 

	Samsung
	Our technical understanding is that two protocol stack solution will inevitably require 2RX/2TX architecture, otherwise it will eventually become one protocol stack solution. There is no gain in creating more instances of the protocol stack if data cannot be sent. 2RX/2TX feasibility depends further on the RAN4 and RAN1 feedback.
As for data forwarding, our general understanding is that it can be de-coupled from one or two protocol stack discussion. Furthermore, referring to several options presented by QC, this is exactly what we discussed back in Rel-14 and finally concluded that it is merely up to the network implementation when data forwarding takes place. At least Rel-14 MBB framework is versatile enough to implement several data forwarding strategies so the network can decide whether it can start forwarding data proactively or whether it will wait for the explicit indication from the target eNB. We have certain doubts on whether forcing a particular network implementation is a better Rel-16 solution comparing to Rel-14 framework.

	LG
	We also think that ‘Detaching from source’ and ‘Data forwarding’ are the most important issue to make the non-split based mobility mechanism which is better than the previous ‘Make before break’ solution in Rel-14.
Incidentally, we wonder if radio bearer handling may need to be discussed. It seems like that the number of radio bearer hasn’t been discussed for two active protocol stacks if my understanding is correct. PDCP re-ordering may be an issue when RAN2 discuss stage-3 level two protocol stacks later. To prevent stage 2 level re-discussion, we need to discuss uncertainties here with our best effort considering stage 3 level discussion.

	ZTE
	For this solution, if the UE keeps simultaneous transmission and reception to/from the source and the target for a period of time after the RACH procedure is completed in target cell, capability coordination(e.g. BandCombination, UL transmission power, maximum TBS etc.) between source node and target node shall be considered. 
Regarding data forwarding, we agree with Ericsson that to achieve ~0ms interruption time we cannot ignore the X2 latency. So also in this solution, data forwarding should be started as soon as possible after issuing the HO command to the UE (assuming not combined with CHO. If combined with CHO, when to start data forwarding should be carefully discussed to achieve the 0ms target while also avoid massive data forwarding and duplication).

	vivo
	Firstly we think the simultaneous Rx/Tx to/from more than one cell is needed.
Regarding the data forwarding, we think the source node should start the downlink data forwarding as soon as possible. However the uplink data forwarding procedure before the path switch seems still not very clear for us.

	Xiaomi
	Simultaneous tx/rx with more than one cell is needed.
We think the data forward is related with detach. If explicit indication is introduced to trigger or report detach, it should also be used to trigger data forward. So following options are observed.
Option 1, If a new explicit indication is introduced to trigger or report detach, eNB starts the data forwarding upon the indication. This is the best solution to balance the duplicated data and interruption. However, the reliability of this new explicit indication is doubtable.
Option 2, If the detach is triggered by UE itself, the data forwarding can be started upon indication from target cell, e.g. successful msg 3. This option can avoid the duplicated data. But there might be interruption if X2 delay is considered.
Option 3, If the detach is triggered by UE itself, the data forwarding is up to network implementation. This is like R14 MBB. Highly depends on the network.
Option 4, If the detach is triggered by UE itself, the data forwarding starts upon handover command. This option introduces serious large amount of duplicated data, since the UE may stay in the source cell for a long time.
Consider all above options, we think option 2 might have the best performance. We should send LS to RAN3 and let them evaluate the performance of option 2.



4	Summary of the e-mail thread
4.1	Summary
· 17 companies took part in this e-mail discussion, aimed at working out the details of Rel-16 solution minimizing the interruption time during handover.
· The majority of companies supported the solution formally classified as “non-split bearer” (i.e. not following the LTE Dual Connectivity principles).
· Participating companies were willing to continue the discussion with the “non-split bearer” solution in mind and agreed on several common aspects (PDCP SN assignment done jointly/at one node, separate RoHC entities, the need for clearly defined detach from the source cell, separate security keys, in case of two active protocol stacks).
· The list of issues for further study comprises the following: single active protocol stacks versus two simultaneously active protocol stacks, detach from the source cell (seen from the NW’s side and UE’s side), data forwarding (early/late, including handling the SN, security), especially if this solution is to be combined with CHO
· Simultaneous transmission/reception to/from two cells is still pending the response LS from RAN1 and RAN4   
4.2	Proposals
Proposal 1: Specify the ”non-split bearer” solution candidate for the Rel-16 E-UTRA enhancements minimizing the interruption time during mobility.

Proposal 2: [bookmark: _GoBack]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.

Proposal 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
b. RoHC and remaining PDCP functions (e.g. ciphering, PDCP PDU creation) are executed separately at each network node
c. The procedure when UE detaches from the source cell is explicitly defined in the specifications (e.g. either via procedural text 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

Proposal 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 

Proposal 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 assumption that at least 2Rx/1Tx can be used.
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