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1
Introduction

During RAN3#105bis, some considerable progress was made on early data forwarding for DAPS HO (previously known as Make-Before-Break HO).
It resulted in the following working assumptions and agreements:
The source  sends the HFN and SN of the first SDU forwarded to the target Node for encryption by the existing SN Status Transfer message

WA:The target may send the HO SUCCESS message to the source, the source node sends the last SN Status Transfer message to the target node

(Downlink) No need to send another SN STATUS TRANSFER to inform that HFN has been increased (for target’s encryption).

WA: (Downlink) The last SN STATUS TRANSFER is the same as legacy, for which normal data forwarding follows.

(Downlink) It is FFS in RAN3 whether/how discarding of already forwarded PDCP SDUs is executed.

(Uplink) UL delivery to the CN from the source continues until the source sends the last SN Status Transfer to the target (same as legacy). The target won’t forward uplink packets in-sequence to the CN until it receives this last SN STATUS TRANSFER (as in the legacy).

 (Uplink) The last SN STATUS TRANSFER sent for DL is also used for UL (for which the normal data forwarding follows as in the legacy)

 (Uplink) It is FFS in RAN3 whether we allow the source to send an intermediate SN STATUS TRANSFER (between the first and the last) to convey uplink out-of-sequence receiving status so that the target can send PDCP status report to the UE immediately when accessed.

No need to inform CT4 about GTP-U extension header.

In addition, the following notes and additional steps were agreed in stage-2 regarding early data forwarding:

NOTE:
As soon as the source gNB 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.

NOTE:
For DAPS HO, downlink PDCP SDUs are forwarded with SN assigned by the source gNB for bearers subject to be simultaneously served by both the source and target gNBs, regardless of RLC-AM or RLC-UM, until SN assignment is handed over to the target gNB in step 8b, for which the normal data forwarding follows as defined in 9.2.3.2.3.

NOTE:
In case of DAPS HO, the source gNB does not stop transmitting downlink packets until it receives the HO SUCCESS message from the target gNB in step 8a.

NOTE:
In case of DAPS HO, multiple SN STATUS TRANSFER messages are triggered by the source gNB. The downlink PDCP SN transmitter status conveyed for the first time for a bearer indicates PDCP SN and HFN of the first PDCP SDU that the source gNB forwards to the target gNB. The source gNB does not stop assigning PDCP SNs to downlink packets or delivering uplink packets to the UPF until it sends the last SN STATUS TRANSFER message to the target gNB in step 8b.

Editor’s note: FFS whether/how discarding of already forwarded PDCP SDUs is executed.
NOTE:
In case of DAPS HO, for duplication avoidance, the target gNB does not forward QoS flows of the uplink PDCP SDUs successfully received in-sequence to the UPF until it receives the SN STATUS TRANSFER message in step 8b, in which UL HFN and the first missing SN in the uplink PDCP SN receiver status indicates the start of uplink PDCP SDUs to be delivered to the UPF. The target gNB does not deliver any uplink packet which has an UL COUNT lower than the provided.

Editor’s note: FFS whether we allow the source to send an intermediate SN STATUS TRANSFER (between the moment UE disconnects from the souce and the last SN STATUS TRANSFER) to convey uplink out-of-sequence receiving status, for the target to send the PDCP status report to the UE immeditealy when accessed.

8a/b
In case of DAPS HO, the target gNB sends the HO SUCCESS message to the source gNB to inform that the UE has successfully accessed the target cell. In return, the source gNB sends the last SN STATUS TRANSFER message to the target gNB as described in step 7 and the normal data forwarding follows as defined in 9.2.3.2.3.

Editor’s note: The introduced step 8a and 8b are based on the working assumption, subject to change.

In this contribution we continue the discussion on the remaining open issue and try to conclude the early data forwarding topic.
2
Discussion

2.1 HO SUCCESS message and last SN STATUS TRANSFER
It is assumed (as a working assumption) that the target node sends the HANDOVER SUCCESS message to the source node when the UE has completed the handover in the target cell. The new X2AP/XnAP message was previously agreed in RAN3 for the Rel-16 Conditional Handover concept.

As discussed in our previous contributions on this topic e.g. in [1], the reception of the HANDOVER SUCCESS message in the source node is ideally used as a trigger to start planning when to stop the transmission (and reception) to (from) the UE.

It is also assumed (as a working assumption) that the reception of the HANDOVER SUCCESS message in the source node will trigger a second SN STATUS TRANSFER message. The SN STATUS TRANSFER message is assumed to include the “final” (frozen) DL transmitter status, as well as the frozen UL receiver status, i.e. similar to the information provided in the SN STATUS TRANSFER message at a legacy handover.

Observation 1: The HO SUCCESS message and last SN STATUS TRANSFER will help the source to know when to stop transmission (and reception) to (from) the UE
Observation 2: Reception of the last SN STATUS TRANSFER at the target node will trigger the transfer of buffered UL data to the CN
Therefore, it is proposed to transform the WA about HO SUCCESS message and last SN STATUS TRANSFER into an agreement.
Proposal 1: Transform the WA about HO SUCCESS message and last SN STATUS TRANSFER into an agreement
2.2 How to release the source link

At normal handover, the source link is implicitly released once Handover Execution is triggered, i.e. at transmission/reception of Handover Command, the source side radio link and respective radio resources can be assumed to be freed and available for other purposes and in addition, there is no explicit signalling to release the source side link (apart from the Handover Execution trigger). For rel-14 MBB, the source side link is currently assumed to be implicitly released once it is no longer used, i.e. in DL, once the network decides to no longer use it and in UL, once the UE decides to no longer use it. Although DAPS HO may look similar to Dual Connectivity schemes, where the master or the secondary cell group may be used simultaneously (split bearer), and removal of one cell group needs explicit signalling, rel-14 MBB seems to not use such.

There were discussions in RAN2 about an explicit RRC message from the target side, but this is probably the wrong approach, as the decision point to cease DL transmission is the source node, not the target node. If the choice to use RRC signalling from the target node is about reliability, such reliability should be based on a reliable indication from the source side, which takes time to arrive at the target. If we assume that the source link is still able allow e.g. the source node to empty its RLC buffers, an in-band PDCP end-marker packet should be possible to be sent as an explicit indication that the source link not used for DL any more. Reception of this end-marker would aid UE implementations, scenarios where it was lost are well recoverable.
Also, if this PDCP end-marker does not arrive at the UE, the link will be soon out-of-sync.

Observation 3: Although the UE is allowed to continue transmitting/receiving on the source cell, there does not exist any means to release the source link explicitly, i.e. as of today for normal HO, the source link would need to be released implicitly, e.g. after expiry of a timer or after getting out-of-sync

Proposal 2: Consider an in-band indication like a DL PDCP end-marker and inform RAN2 of this decision.
2.3 Additional SN STATUS TRANSFER messages
It was also proposed to allow multiple SN STATUS TRANSFER (i.e. more than 2) to be transferred to the target node. The COUNT information contained in these messages would represent an image of the UL/DL PDCP entities status at some point in time. It could be used by the target node to e.g. discard already received PDCP packets or estimate if UL PDCP packets are missing and are delivered out-of-order to the target node. This could be particularly useful in case early data forwarding is applied to Conditional Handover (CHO), because the amount of data buffered in the target is much bigger than in legacy HO.
Looking at stage-2 and stage-3 specifications, there is nothing preventing the source node to send intermediate SN STATUS TRANSFER messages in case of early data forwarding. Therefore, the impact on the specifications would be very low. 
Observation 4: There is nothing preventing the source node to send intermediate SN STATUS TRANSFER messages in case of early data forwarding.
The only change foreseen would be at stage-3 level, on the SN STATUS TRANSFER itself. The target node needs to know when the source node “freezed” its transmitter/receiver status. It means that the target node should be able to identify the last SN STATUS TRANSFER among all SN STATUS TRANSFER it may receives.

Observation 5: The target node should be able to identify the last SN STATUS TRANSFER 
In order to achieve this goal, a simple flag in the SN STATUS TRANSFER message should be sufficient. As a result, the following proposals are made:
Proposal 3: Intermediate SN STATUS TRANSFER messages sent by the source node to the target node shall not be prohibited
Proposal 4: Add a Last Report indicator as an optional IE in SN STATUS TRANSFER
3
Conclusion

In this contribution the early data forwarding solution has been described, and the following observations and proposals have been discussed:

Observation 1: The HO SUCCESS message and last SN STATUS TRANSFER will help the source to know when to stop transmission (and reception) to (from) the UE

Observation 2: Reception of the last SN STATUS TRANSFER at the target node will trigger the transfer of buffered UL data to the CN.
Observation 3: Although the UE is allowed to continue transmitting/receiving on the source cell, there does not exist any means to release the source link explicitly, i.e. as of today for normal HO, the source link would need to be released implicitly, e.g. after expiry of a timer or after getting out-of-sync

Proposal 2: Consider an in-band indication like a DL PDCP end-marker and inform RAN2 of this decision.

Observation 4: There is nothing preventing the source node to send intermediate SN STATUS TRANSFER messages in case of early data forwarding.

Observation 5: The target node should be able to identify the last SN STATUS TRANSFER 

Proposal 3: Intermediate SN STATUS TRANSFER messages sent by the source node to the target node shall not be prohibited

Proposal 4: Add a Last Report indicator as an optional IE in SN STATUS TRANSFER
As a result, the following proposal is made:

Proposal 6: Agree the corresponding TPs for TS 36.300, TS 36.423, TS 38.300 and TS 38.423
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<<<<<<<<<<<<<<<<<<<< 1st Change >>>>>>>>>>>>>>>>>>>>
10.1.2.1.2
U-plane handling

The U-plane handling during the Intra-E-UTRAN-Access mobility activity for UEs in ECM-CONNECTED takes the following principles into account to avoid data loss during HO:

-
During HO preparation U-plane tunnels can be established between the source eNB and the target eNB. There is one tunnel established for uplink data forwarding and another one for downlink data forwarding for each E-RAB for which data forwarding is applied. In the case of a UE under an RN performing handover, forwarding tunnels can be established between the RN and the target eNB via the DeNB.

-
During HO execution, user data can be forwarded from the source eNB to the target eNB. The forwarding may take place in a service and deployment dependent and implementation specific way.

-
Forwarding of downlink user data from the source to the target eNB should take place in order as long as packets are received at the source eNB from the EPC or the source eNB buffer has not been emptied.
-
In case of DAPS Handover, the source eNB may duplicate user data and send it to the UE in the source cell while forwarding it to the target eNB. An in-band indication is sent with the last DL packet send to the UE by the source cell. FFS how to define this indication (e.g. PDCP end-marker)
-
During HO completion:

-
The target eNB sends a PATH SWITCH message to MME to inform that the UE has gained access and MME sends a MODIFY BEARER REQUEST message to the Serving Gateway, the U-plane path is switched by the Serving Gateway from the source eNB to the target eNB.

-
The source eNB should continue forwarding of U-plane data as long as packets are received at the source eNB from the Serving Gateway or the source eNB buffer has not been emptied.

For RLC-AM bearers:

-
During normal HO not involving Full Configuration:

-
For in-sequence delivery and duplication avoidance, PDCP SN is maintained on a bearer basis and the source eNB informs the target eNB about the next DL PDCP SN to allocate to a packet which does not have a PDCP sequence number yet (either from source eNB or from the Serving Gateway).

-
For security synchronisation, HFN is also maintained and the source eNB provides to the target one reference HFN for the UL and one for the DL i.e. HFN and corresponding SN.

-
In both the UE and the target eNB, a window-based mechanism is needed for duplication detection.

-
The occurrence of duplicates over the air interface in the target eNB is minimised by means of PDCP SN based reporting at the target eNB by the UE. In uplink, the reporting is optionally configured on a bearer basis by the eNB and the UE should first start by transmitting those reports when granted resources in the target eNB. In downlink, the eNB is free to decide when and for which bearers a report is sent and the UE does not wait for the report to resume uplink transmission.

-
The target eNB re-transmits and prioritizes all downlink PDCP SDUs forwarded by the source eNB (i.e. the target eNB should send data with PDCP SNs from X2 before sending data from S1), with the exception of PDCP SDUs of which the reception was acknowledged through PDCP SN based reporting by the UE.

-
The UE re-transmits in the target eNB all uplink PDCP SDUs starting from the first PDCP SDU following the last consecutively confirmed PDCP SDU i.e. the oldest PDCP SDU that has not been acknowledged at RLC in the source, excluding the PDCP SDUs of which the reception was acknowledged through PDCP SN based reporting by the target.

-
During HO involving Full Configuration:

-
The following description below for RLC-UM bearers also applies for RLC-AM bearers. Data loss may happen.

For RLC-UM bearers:

-
The PDCP SN and HFN are reset in the target eNB.

-
No PDCP SDUs are retransmitted in the target eNB.

-
The target eNB prioritizes all downlink PDCP SDUs forwarded by the source eNB if any (i.e. the target eNB should send data with PDCP SNs from X2 before sending data from S1).

-
The UE PDCP entity does not attempt to retransmit any PDCP SDU in the target cell for which transmission had been completed in the source cell. Instead UE PDCP entity starts the transmission with other PDCP SDUs.

10.1.2.2
Path Switch

10.1.2.2.1
Path Switch upon handover

After the downlink path is switched at the Serving GW downlink packets on the forwarding path and on the new direct path may arrive interchanged at the target eNB. The target eNodeB should first deliver all forwarded packets to the UE before delivering any of the packets received on the new direct path. The method employed in the target eNB to enforce the correct delivery order of packets is outside the scope of the standard.

In order to assist the reordering function in the target eNB, the Serving GW shall send one or more "end marker" packets on the old path immediately after switching the path for each E-RAB of the UE. The "end marker" packet shall not contain user data. The "end marker" is indicated in the GTP header. After completing the sending of the tagged packets the GW shall not send any further user data packets via the old path.

Upon receiving the "end marker" packets, the source eNB shall, if forwarding is activated for that bearer, forward the packet toward the target eNB.

On detection of an "end marker" the target eNB shall discard the end marker packet and initiate any necessary processing to maintain in sequence delivery of user data forwarded over X2 interface and user data received from the serving GW over S1 as a result of the path switch.

On detection of the "end marker", the target eNB may also initiate the release of the data forwarding resource. However, the release of the data forwarding resource is implementation dependent and could also be based on other mechanisms (e.g. timer-based mechanism).

EPC may change the uplink end-point of the tunnels with Path Switch procedure. However, the EPC should keep the old GTP tunnel end-point(s) sufficiently long time in order to minimise the probability of packet losses and avoid unintentional release of respective E-RAB(s).

10.1.2.2.2
Path Update upon Dual Connectivity specific activities

Upon DC specific activities which involve the transfer of bearer contexts from one eNB to another, if one of the eNBs involved in DC provides radio resources to the UE for one or several E-RABs configured with the SCG bearer option, the update of the downlink path towards the EPC for the relevant E-RABs needs to be communicated by the MeNB to the MME. The functions specified for the path switch for handover as specified in clause 10.1.2.2.1 are applicable for the path update for DC with SCG bearer option as well except that:

-
The role of involved eNBs are different: in DC, the "source eNB" as specified for handover, is the eNB from which the bearer context is transferred and the "target eNB" is the eNB to which the bearer context is transferred.

-
The EPC does not change the uplink end-point of the tunnels with the Path Update procedure in a way that this would change the Serving GW.

10.1.2.2.3
Path Switch upon UE context resume

Upon resumption of a UE context in an eNB different from the one where the UE context was suspended, the Path Switch procedure is used to request the MME to resume the UE context and related bearer contexts in the EPC and update the downlink path.

10.1.2.3
Data forwarding

10.1.2.3.1
For RLC-AM DRBs

Upon handover, the source eNB may forward in order to the target eNB all downlink PDCP SDUs with their SN that have not been acknowledged by the UE. In addition, the source eNB may also forward without a PDCP SN fresh data arriving over S1 to the target eNB.

NOTE:
The target eNB does not have to wait for the completion of forwarding from the source eNB before it begins transmitting packets to the UE.

The source eNB discards any remaining downlink RLC PDUs. Correspondingly, the source eNB does not forward the downlink RLC context to the target eNB.

NOTE:
The source eNB does not need to abort ongoing RLC transmissions with the UE as it starts data forwarding to the target eNB.

Upon handover, the source eNB forwards to the Serving Gateway the uplink PDCP SDUs successfully received in-sequence until the sending of the Status Transfer message to the target eNB. Then at that point of time the source eNB stops delivering uplink PDCP SDUs to the S-GW and shall discard any remaining uplink RLC PDUs. Correspondingly, the source eNB does not forward the uplink RLC context to the target eNB.

Then the source eNB shall either:

-
discard the uplink PDCP SDUs received out of sequence if the source eNB has not accepted the request from the target eNB for uplink forwarding or if the target eNB has not requested uplink forwarding for the bearer during the Handover Preparation procedure,

-
forward to the target eNB the uplink PDCP SDUs received out of sequence if the source eNB has accepted the request from the target eNB for uplink forwarding for the bearer during the Handover Preparation procedure.

The PDCP SN of forwarded SDUs is carried in the "PDCP PDU number" field of the GTP-U extension header. The target eNB shall use the PDCP SN if it is available in the forwarded GTP-U packet.

For normal HO in-sequence delivery of upper layer PDUs during handover is based on a continuous PDCP SN and is provided by the "in-order delivery and duplicate elimination" function at the PDCP layer:

-
in the downlink, the "in-order delivery and duplicate elimination" function at the UE PDCP layer guarantees in-sequence delivery of downlink PDCP SDUs;

-
in the uplink, the "in-order delivery and duplicate elimination" function at the target eNB PDCP layer guarantees in-sequence delivery of uplink PDCP SDUs.

After a normal handover, when the UE receives a PDCP SDU from the target eNB, it can deliver it to higher layer together with all PDCP SDUs with lower SNs regardless of possible gaps.

For handovers involving Full Configuration, the source eNB behaviour is unchanged from the description above. The target eNB may not send PDCP SDUs for which delivery was attempted by the source eNB. The target eNB identifies these by the presence of the PDCP SN in the forwarded GTP-U packet and discards them.

After a Full Configuration handover, the UE delivers received PDCP SDU from the source cell to the higher layer regardless of possible gaps. UE discards uplink PDCP SDUs for which transmission was attempted and retransmission of these over the target cell is not possible.

10.1.2.3.2
For RLC-UM DRBs

Upon handover, the source eNB does not forward to the target eNB downlink PDCP SDUs for which transmission had been completed in the source cell. PDCP SDUs that have not been transmitted may be forwarded. In addition, the source eNB may forward fresh downlink data arriving over S1 to the target eNB. The source eNB discards any remaining downlink RLC PDUs. Correspondingly, the source eNB does not forward the downlink RLC context to the target eNB.

Upon handover, the source eNB forwards all uplink PDCP SDUs successfully received to the Serving Gateway (i.e. including the ones received out of sequence) and discards any remaining uplink RLC PDUs. Correspondingly, the source eNB does not forward the uplink RLC context to the target eNB.

10.1.2.3.3
SRB handling

With respect to SRBs, the following principles apply at HO:

-
No forwarding or retransmissions of RRC messages in the target;

-
The PDCP SN and HFN are reset in the target.

10.1.2.3.4
User data forwarding for Dual Connectivity

Upon DC specific activities user data forwarding may be performed for E-RABs configured with the SCG bearer option　or with the split bearer option. The behaviour of the eNB from which data is forwarded is the same as specified for the "source eNB" for handover, the behaviour of the eNB to which data is forwarded is the same as specified for the "target eNB" for handover. If data forwarding for split bearer option is applied, the PDCP PDUs which are not acknowledged by the UE are forwarded from the SeNB to the MeNB in the course of procedures involving the release of the SCG part of the split bearer (e.g., SeNB Modification, SeNB Release, Change of SeNB).
<<<<<<<<<<<<<<<<<<<< End of 1st Change >>>>>>>>>>>>>>>>>>>>
-- TEXT OMITTED --

<<<<<<<<<<<<<<<<<<<< 2nd Change >>>>>>>>>>>>>>>>>>>>
10.1.2.1.1
C-plane handling

The preparation and execution phase of the HO procedure is performed without EPC involvement, i.e. preparation messages are directly exchanged between the eNBs. The release of the resources at the source side during the HO completion phase is triggered by the eNB. In case an RN is involved, its DeNB relays the appropriate S1 messages between the RN and the MME (S1-based handover) and X2 messages between the RN and target eNB (X2-based handover); the DeNB is explicitly aware of a UE attached to the RN due to the S1 proxy and X2 proxy functionality (see clause 4.7.6.6). The figure below depicts the basic handover scenario where neither MME nor Serving Gateway changes:
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Figure 10.1.2.1.1-1: Intra-MME/Serving Gateway HO

Below is a more detailed description of the intra-MME/Serving Gateway HO procedure:

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 according to the roaming and access restriction information and e.g. the available multiple frequency band information. Measurements provided by the source eNB may assist the function controlling the UE's connection mobility.

2
A MEASUREMENT REPORT is triggered and sent to the eNB.

3
The source eNB makes decision based on MEASUREMENT REPORT and RRM information to hand off the UE.

4
The source eNB issues a HANDOVER REQUEST message to the target eNB passing necessary information to prepare the HO at the target side (UE X2 signalling context reference at source eNB, UE S1 EPC signalling context reference, target cell ID, KeNB*, RRC context including the C-RNTI of the UE in the source eNB, AS-configuration, E-RAB context and physical layer ID of the source cell + short MAC-I for possible RLF recovery). The HANDOVER REQUEST message can also include an indicator to request DAPS Handover. UE X2 / UE S1 signalling references enable the target eNB to address the source eNB and the EPC. The E-RAB context includes necessary RNL and TNL addressing information, and QoS profiles of the E-RABs. 
Editor’s note: FFS if the DAPS Handover indicator is per E-RAB or per UE.
5
Admission Control may be performed by the target eNB dependent on the received E-RAB QoS information to increase the likelihood of a successful HO, if the resources can be granted by target eNB. The target eNB configures the required resources according to the received E-RAB QoS information and reserves a C-RNTI and optionally a RACH preamble. The AS-configuration to be used in the target cell can either be specified independently (i.e. an "establishment") or as a delta compared to the AS-configuration used in the source cell (i.e. a "reconfiguration").

6
The target eNB prepares HO with L1/L2 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 container includes a new C-RNTI, target eNB security algorithm identifiers for the selected security algorithms, may include a dedicated RACH preamble, and possibly some other parameters i.e. access parameters, SIBs, etc. If RACH-less HO is configured, the container includes timing adjustment indication and optionally a preallocated uplink grant. The HANDOVER REQUEST ACKNOWLEDGE message may also include RNL/TNL information for the forwarding tunnels, if necessary. 
Editor’s note: FFS if the HANDOVER REQUEST ACKNOWLEDGE message may also include an indicator that the target eNB accepts the request to perform DAPS Handover.
NOTE:
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.
NOTE:
For DAPS Handover, downlink PDCP SDUs are forwarded with SN assigned by the source eNB for E-RABs subject to be simultaneously served by both the source and target eNBs, regardless of RLC-AM or RLC-UM, until SN assignment is handed over to the target eNB in step 11b, for which the normal data forwarding follows as defined in 10.1.2.3.
Steps 7 to 16 provide means to avoid data loss during HO and are further detailed in 10.1.2.1.2 and 10.1.2.3.

7
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. The source eNB performs the necessary integrity protection and ciphering of the message.

The UE receives the RRCConnectionReconfiguration message with necessary parameters (i.e. new C-RNTI, target eNB security algorithm identifiers, and optionally dedicated RACH preamble, target eNB SIBs, etc.) and is commanded by the source eNB to perform the HO. If RACH-less HO is configured, the RRCConnectionReconfiguration includes timing adjustment indication and optionally preallocated uplink grant for accessing the target eNB. If preallocated uplink grant is not included, the UE should monitor PDCCH of the target eNB to receive an uplink grant. The UE does not need to delay the handover execution for delivering the HARQ/ARQ responses to source eNB.

If Make-Before-Break HO or DAPS Handover is configured, the connection to the source cell is maintained after the reception of RRCConnectionReconfiguration message with mobilityControlInformation before the UE executes initial uplink transmission to the target cell.

NOTE:
If Make-Before-Break HO is configured, the source eNB decides when to stop transmitting to the UE.

NOTE:
The UE can be configured with Make-Before-Break HO and RACH-less HO simultaneously.
NOTE:
In case of DAPS Handover, the source eNB does not stop transmitting downlink packets until it receives the HO SUCCESS message from the target eNB in step 11a.
8
The source eNB sends the SN STATUS TRANSFER message to the target eNB to convey the uplink PDCP SN receiver status and the downlink PDCP SN transmitter status of E-RABs for which PDCP status preservation applies (i.e. for RLC AM). The uplink PDCP SN receiver status includes at least the PDCP SN of the first missing UL SDU and may include a bit map of the receive status of the out of sequence UL SDUs that the UE needs to retransmit in the target cell, if there are any such SDUs. The downlink PDCP SN transmitter status indicates the next PDCP SN that the target eNB shall assign to new SDUs, not having a PDCP SN yet. The source eNB may omit sending this message if none of the E-RABs of the UE shall be treated with PDCP status preservation.
NOTE:
In case of DAPS Handover, multiple SN STATUS TRANSFER messages are triggered by the source eNB. The downlink PDCP SN transmitter status conveyed for the first time for an E-RAB indicates PDCP SN and HFN of the first PDCP SDU that the source eNB forwards to the target eNB. The source eNB does not stop assigning PDCP SNs to downlink packets or delivering uplink packets to the S-GW, until it sends the last SN STATUS TRANSFER message to the target eNB in step 11b.

9
If RACH-less HO is not configured, after receiving the RRCConnectionReconfiguration message including the mobilityControlInformation , UE performs synchronisation to target eNB and accesses the target cell via RACH, following a contention-free procedure if a dedicated RACH preamble was indicated in the mobilityControlInformation, or following a contention-based procedure if no dedicated preamble was indicated. UE derives target eNB specific keys and configures the selected security algorithms to be used in the target cell. 

If RACH-less HO is configured, UE performs synchronisation to target eNB. UE derives target eNB specific keys and configures the selected security algorithms to be used in the target cell.

10
If RACH-less HO is not configured, the target eNB responds with UL allocation and timing advance.

10a 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.

11
When the RACH-less HO is not configured and the UE has successfully accessed the target cell, 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, which indicates that the handover procedure is completed for the UE. The target eNB verifies the C-RNTI sent in the RRCConnectionReconfigurationComplete message. The target eNB can now begin sending data to the UE.


When the RACH-less HO is configured, after the UE has received uplink grant, 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. The target eNB verifies the C-RNTI sent in the RRCConnectionReconfigurationComplete message. The target eNB can now begin sending data to the UE. The handover procedure is completed for the UE when the UE receives the UE contention resolution identity MAC control element from the target eNB.
11a/b In case of DAPS Handover, the target eNB sends the HO SUCCESS message to the source eNB to inform that the UE has successfully accessed the target cell. In return, the source eNB sends the last SN STATUS TRANSFER message to the target eNB as described in step 8 and the normal data forwarding follows as defined in 10.1.2.3.


NOTE:
In case of DAPS Handover, for duplication avoidance, the target eNB does not forward the uplink PDCP SDUs successfully received in-sequence to the S-GW until it receives the SN STATUS TRANSFER message in step 11b, in which UL HFN and the first missing SN in the uplink PDCP SN receiver status indicates the start of uplink PDCP SDUs to be delivered to the S-GW. The target eNB does not deliver any uplink packet which has an UL COUNT lower than the provided.


12
The target eNB sends a PATH SWITCH REQUEST message to MME to inform that the UE has changed cell.

13
The MME sends a MODIFY BEARER REQUEST message to the Serving Gateway.

14
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.

15
The Serving Gateway sends a MODIFY BEARER RESPONSE message to MME.

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.

When an X2 handover is used involving HeNBs and when the source HeNB is connected to a HeNB GW, a UE CONTEXT RELEASE REQUEST message including an explicit GW Context Release Indication is sent by the source HeNB, in order to indicate that the HeNB GW may release of all the resources related to the UE context.
<<<<<<<<<<<<<<<<<<<< End of Changes >>>>>>>>>>>>>>>>>>>>
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