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1. Introduction 
In this contribution, we discuss some remaining issues on the Running Stage 2 CR [1], as listed below.
· Editor note: The UL grant in the target cell, when RACH-less HO is configured, is FFS.

· If UL grant is not included, the UE monitors Target eNB to receive a dynamic grant (Editor note: UL grant reception and handling is FFS).

· Editor’s Note: Data forwarding for Make-Before-Break HO is FFS pending RAN3 progress.
· NOTE:
If Make-Before-Break HO is configured, the source eNB decides when to stop transmitting to the UE and start buffering data. The target eNB can optionally signal to the source eNB when the UE has completed handover [FFS based on RAN3].
In RAN2#95, RAN2 agreed agreement 3 regarding the RACH-less solution can be discussed in the next meeting [2]. 
3
The subframe allocation and uplink grant format can be configured by RRC message. If the subframe allocation and uplink grant format is configured, the starting subframe of the configured uplink grant is provided by the target eNB in RRC message. If UE doesn’t receive UL grant in RRC message, it will monitor PDCCH of the target eNB for UL grant. UE doesn’t need to know the SFN of the target eNB.

Note: The above agreement in red colour can be revisited because the inconsistency issue pointed out by Intel.

In addition, regarding the Make-Before-Break solution, RAN2 asked RAN3 to check data forwarding operation when a UE continues to exchange data with the source eNB after the reception of the RRC message triggering the handover procedure [3].
In this contribution, we further discuss the remaining issues on running stage 2 CR, i.e., the data forwarding operation, the inconsistency issue, and UL grant, and propose the “UE indication” to resolve these issues at the same time. In Annex A, we provide stage 2 text proposal.
2. Remaining Issues on Running Stage 2 CR
2.1. The Data Forwarding Operation 
For the possible behaviour of data forwarding/SN Status Transfer, there are three basic options so far listed as below [4]: 
Option 1: The source eNB starts data forwarding/SN Status Transfer to the target as soon as the source eNB receives the HANDOVER REQUEST ACKNOWLEDGE or transmits the Handover Command to the UE. (Before HO over Uu)
· Option 1a: as soon as the source eNB receives the HANDOVER REQUEST ACKNOWLEDGE
· Option 1b: immediately after transmitting the Handover Command to the UE
Option 2: The source eNB starts data forwarding/SN Status Transfer after the target eNB receives the RRC Connection Reconfiguration Complete. (After HO over Uu)
Option 3: The source eNB starts data forwarding/SN Status Transfer at a more appropriate time point between that in Option 1 and Option 2. (During HO over Uu)
· Option 3a: the source eNB starts data forwarding/SN Status Transfer to the target at an early enough time point, and continue sending the SN Status Transfer periodically [4]
· Option 3b: the source eNB starts data forwarding/SN Status Transfer after the target eNB receives the dedicated RACH Preamble from UE [4]
· Option 3c: the source eNB estimates when the UE has access to the target eNB [5], [6]
· Option 3d: the source eNB estimate when the UE receives RAR [5], [6]
· Option 3e: the source eNB starts data forwarding/SN Status Transfer immediately after receiving the Handover Indication from UE [7]
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Figure 1. Data Forwarding Options
As shown in Fig. 1, the optimal time point X when the source eNB starts data forwarding/SN Status Transfer is between that in option 1 and option 2 as stated in [4]. The optimal time point X is the time point when the UE performs the first transmission through PRACH or PUSCH to the target eNB. A time point earlier than X, e.g., that in option 1, can lead to lots of data duplication or unnecessary data forwarding, even decreasing the actual UE throughput. On the contrary, a time point later than X, e.g., that in option 2, can lead to the increased service interruption time.
Observation 1: The optimal time point X when the source eNB starts data forwarding/SN Status Transfer is the time point when the UE performs the first transmission through PRACH or PUSCH to the target eNB.
Observation 2: A time point earlier than X can lead to lots of data duplication or unnecessary data forwarding, and a time point later than X can lead to the increased service interruption time.
In order to reduce the service interruption time and the UE throughput loss as much as possible, we need to consider Option 3. Above all, the time point in Option 3c or 3e is closest to the optimal time point X. However, in Option 3a, SN Status Transfer repetition may result in a risk of confusion in the target eNB. Option 3b is not applicable to RACH-less handover. Option 3c and 3d rely on the accuracy of the source eNB’s estimation. A late estimated time point would result in the same problem with Option 2 and an early estimated time point would result in the same problem with Option 1 [6]. Also, Option 3b and 3d introduce additional interruption time because there is no data at the target eNB due to X2 latency [6].
On the contrary, in Option 3e, the decision of the time point is the most straightforward because the UE can decide for itself when it performs the first transmission to the target eNB. Also, only in Option 3e, the transmitter/receiver SN status can be considered to be frozen and legacy principles of data forwarding can be preserved. Moreover, the UE may send RLC Status PDU to the source eNB to reduce the data duplication more [8], when it sends the Handover Indication.
Observation 3: The time point in Option 3c or 3e is closest to the optimal time point X. Option 3c relies on the accuracy of the source eNB’s estimation. On the contrary, in Option 3e, the decision of the time point is the most straightforward because the UE can decide for itself when it performs the first transmission to the target eNB.
Observation 4: Only in Option 3e, the transmitter/receiver SN status can be considered to be frozen and legacy principles of data forwarding can be preserved.
Observation 5: By the introduction of Option 3e, i.e., “UE Indication”, we can resolve the data forwarding issue without any change of legacy principles of data forwarding.

2.2. The Inconsistency Issue
In RAN2#95, an inconsistency issue when the network enables both RACH-less and Make-Before-Break while using PDCCH for UL grant was discussed and decided to revisit in this meeting. The inconsistency issue is that after the UE receives the HO command from the source eNB, then the UE will have to monitor PDCCH for UL grant according to the above agreement. However, that means the UE cannot receive downlink data from the source eNB to reduce interruption time as intended.
Again, for the possible behaviour of PDCCH for UL grant, there are two basic options as below: 
Option 1: The target eNB sends UL grant via PDCCH as soon as it sends the HANDOVER REQUEST ACKNOWLEDGE to the source eNB. (Before HO over Uu)

· Option 1a: as soon as the target eNB sends the HANDOVER REQUEST ACKNOWLEDGE
· Option 1b: immediately after transmitting the Handover Command to the UE, the target eNB needs to be notified of it.
Option 2 is not applicable.
Option 3: The target eNB sends UL grant via PDCCH at a more appropriate time point than Option 1. (During HO over Uu)
· Option 3a, 3b, and 3d are not applicable.

· Option 3c: the source eNB estimates when the UE has access to the target eNB and notifies the target eNB of it, or the target eNB estimates when the UE has access to the target eNB
· Option 3e: the target eNB sends UL grant immediately after receiving the Handover Indication from UE via the source eNB
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Figure 2. PDCCH for UL Grant Options
The optimal time point Y when the target eNB sends UL grant and the UE monitors PDCCH is shown in Fig. 2. Again, the optimal time point Y is the time point just before the UE performs the first transmission through PUSCH to the target eNB. A time point earlier than Y, e.g., that in option 1, can lead to lots of waste of PDCCH signalling, as shown in Figure in the Running Stage 2 CR. On the contrary, a time point later than Y can lead to the increased service interruption time.

Observation 6: The optimal time point Y when the target eNB sends UL grant and the UE monitors PDCCH is the time point just before the UE performs the first transmission through PUSCH to the target eNB.
Observation 7: A time point earlier than Y can lead to lots of waste of PDCCH signalling, and a time point later than Y can lead to the increased service interruption time.
In order to reduce the waste of PDCCH signalling and the service interruption time as much as possible, we need to consider Option 3. Above all, the time point in Option 3c or 3e is closest to the optimal time point Y. Again, Option 3c rely on the accuracy of the source eNB’s or target eNB’s estimation. A late estimated time point would result in the increased service interruption time and an early estimated time point would result in the same problem with Option 1. On the contrary, in Option 3e, the decision of the time point is the most straightforward because the UE can decide for itself when it performs the first transmission to the target eNB. After sending the Handover Indication, the UE can monitor PDCCH for UL grant and therefore, we can resolve the inconsistency issue without compromising the interruption time.
Observation 8: The time point in Option 3c or 3e is closest to the optimal time point Y. Option 3c relies on the accuracy of the source eNB’s or the target eNB’s estimation. On the contrary, in Option 3e, the decision of the time point is the most straightforward because the UE can decide for itself when it performs the first transmission to the target eNB.
Observation 9: By the introduction of Option 3e, i.e., “UE Indication”, we can resolve the inconsistency issue without compromising the interruption time.
2.3. UL Grant
In RAN2#94, RAN2 agreed to use “Target eNB pre-allocated periodic UL grant” to get UL grant for RACH-less solution. However, in RAN2#95, some papers proposed to use explicit scheduling via PDCCH on the ground that pre-allocated periodic UL grant approach will need more specification changes with no evident gains over explicit scheduling via PDCCH [9] and from a cost-benefit comparison, explicit scheduling via PDCCH seems to be much better [10]. 
Observation 10: Pre-allocated periodic UL grant approach will need more specification changes with no evident gains over explicit scheduling via PDCCH.

The main disadvantage of using dynamic grant is that it can use more PDCCH resources compared to SPS if the target eNB cannot predict the handover completion time well [10]. However, in Option 3e, the target eNB can be notified of the time point of the UE’s handover via the source eNB as shown in Figure 2. Therefore, it can prevent the waste of PDCCH resources.

Observation 11: By the introduction of Option 3e, i.e., “UE Indication”, we can resolve the UL grant issue without the waste of PDCCH resources.
Proposal 1: RAN2 is kindly requested to adopt using dynamic grant via PDCCH for the first PUSCH transmission in RACH-less HO.

2.4. The Issue on “UE Indication”
Option 3e is not an alternative to the current working assumption for the purposes of drafting the CRs, but a further enhancement to improve the performance. Moreover, by the introduction of Option 3e, we can resolve the remaining issues at the same time, as discussed in this paper. Furthermore, we can reduce the service interruption time and the UE throughput loss as much as possible, without the waste of radio resource. Also, with a minimum PDCCH overhead, UL grant via PDCCH can be well supported because the UE knows exactly when the target eNB sends the UL grant. 
Observation 12: By the introduction of Option 3e, i.e., “UE Indication”, we can resolve all the major remaining issues at the same time.

Proposal 2: RAN2 is kindly requested to adopt Option 3e, i.e., “UE Indication”, to resolve all the major remaining issues at the same time.
Option 3e, i.e., Option 6 [7], was removed from the candidate options of solution 2 family on the nebulous ground that the “UE indication” is unlikely to be delivered successfully [11]. However, that is not a reasonable observation and the “UE indication” is highly likely to be delivered successfully to the source eNB as discussed in our companion paper [12].
Observation 13: The “UE indication” is highly likely to be delivered successfully to the source eNB.
In Option 3e, even if the “UE indication” transmission fails, the UE can execute a handover successfully to the target eNB. In that case, the performance is still the same as the current working assumption. In that case, the target eNB can signal to the source eNB to start the data forwarding, when the UE has completed handover, as A-1 or A-2 procedure in Figure 1. Also, in that case, if RACH-less is configured, the UE can revert to the legacy RACH procedure.
Proposal 3: RAN2 is kindly requested to adopt X2 handover indication to signal to the source eNB when the UE has completed handover for the case of UE indication failure.

3. Conclusion
Observation 1: The optimal time point X when the source eNB starts data forwarding/SN Status Transfer is the time point when the UE performs the first transmission through PRACH or PUSCH to the target eNB.
Observation 2: A time point earlier than X can lead to lots of data duplication or unnecessary data forwarding, and a time point later than X can lead to the increased service interruption time.
Observation 3: The time point in Option 3c or 3e is closest to the optimal time point X. Option 3c relies on the accuracy of the source eNB’s estimation. On the contrary, in Option 3e, the decision of the time point is the most straightforward because the UE can decide for itself when it performs the first transmission to the target eNB.
Observation 4: Only in Option 3e, the transmitter/receiver SN status can be considered to be frozen and legacy principles of data forwarding can be preserved.
Observation 5: By the introduction of Option 3e, i.e., “UE Indication”, we can resolve the data forwarding issue without any change of legacy principles of data forwarding.
Observation 6: The optimal time point Y when the target eNB sends UL grant and the UE monitors PDCCH is the time point just before the UE performs the first transmission through PUSCH to the target eNB.
Observation 7: A time point earlier than Y can lead to lots of waste of PDCCH signalling, and a time point later than Y can lead to the increased service interruption time.
Observation 8: The time point in Option 3c or 3e is closest to the optimal time point Y. Option 3c relies on the accuracy of the source eNB’s or the target eNB’s estimation. On the contrary, in Option 3e, the decision of the time point is the most straightforward because the UE can decide for itself when it performs the first transmission to the target eNB.
Observation 9: By the introduction of Option 3e, i.e., “UE Indication”, we can resolve the inconsistency issue without compromising the interruption time.
Observation 10: Pre-allocated periodic UL grant approach will need more specification changes with no evident gains over explicit scheduling via PDCCH.

Observation 11: By the introduction of Option 3e, i.e., “UE Indication”, we can resolve the UL grant issue without the waste of PDCCH resources.
Observation 12: By the introduction of Option 3e, i.e., “UE Indication”, we can resolve all the major remaining issues at the same time.

Observation 13: The “UE indication” is highly likely to be delivered successfully to the source eNB.
Proposal 1: RAN2 is kindly requested to adopt using dynamic grant via PDCCH for the first PUSCH transmission in RACH-less HO.

Proposal 2: RAN2 is kindly requested to adopt Option 3e, i.e., “UE Indication”, to resolve all the major remaining issues at the same time.
Proposal 3: RAN2 is kindly requested to adopt X2 handover indication to signal to the source eNB when the UE has completed handover for the case of UE indication failure.

The TP capturing the introduction of “UE Indication” to Stage 2 is in Annex A.
Proposal 4: Adopting Option 3e, RAN2 is kindly asked to capture the introduction of “UE Indication” to Running Stage 2 CR as in Annex A.
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Annex A. Text Proposals
	Start of changes


10.1.2.1
Handover

The intra E-UTRAN HO of a UE in RRC_CONNECTED state is a UE-assisted network-controlled HO, with HO preparation signalling in E-UTRAN:
-
Part of the HO command comes from the target eNB and is transparently forwarded to the UE by the source eNB;

-
To prepare the HO, the source eNB passes all necessary information to the target eNB (e.g. E-RAB attributes and RRC context): 

-
When CA is configured and to enable SCell selection in the target eNB, the source eNB can provide in decreasing order of radio quality a list of the best cells and optionally measurement result of the cells.
-
When DC is configured, the source MeNB provides the SCG configuration (in addition to the MCG configuration) to the target MeNB.

-
Both the source eNB and UE keep some context (e.g. C-RNTI) to enable the return of the UE in case of HO failure;

-
If RACH-less HO is not configured UE accesses the target cell via RACH following a contention-free procedure using a dedicated RACH preamble or following a contention-based procedure if dedicated RACH preambles are not available: 
-
the UE uses the dedicated preamble until the handover procedure is finished (successfully or unsuccessfully);

-
If RACH-less HO is not configured and the RACH procedure towards the target cell is not successful within a certain time, the UE initiates radio link failure recovery using a suitable cell;

-
If RACH-less HO is configured, the UE accesses the target cell by receiving a PDCCH for UL grant.

-
No ROHC context is transferred at handover;

-
ROHC context can be kept at handover within the same eNB
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 section 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


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). 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.

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. 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 may include timing adjustment indication (as stated in the running 36.331 CR). The HANDOVER REQUEST ACKNOWLEDGE message may also include RNL/TNL information for the forwarding tunnels, if necessary.

NOTE:
If Make-Before-Break HO is not configured: 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.


Steps 7 to 20 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 (as stated in the running 36.331 CR). If Make-Before-Break HO is not configured, the UE does not need to delay the handover execution for delivering the HARQ/ARQ responses to source eNB.

If Make-Before-Break is configured, the connection is maintained in the source cell until the UE executes initial uplink transmission to the target eNB.


NOTE:
The UE can be configured with both Make-Before-Break and RACH-less HO simultaneously.

8
If RACH-less or Make-Before-Break is configured: after sending the UE Handover Indication, the UE disconnects the connection to the source cell.
NOTE:
If Make-Before-Break is configured: as soon as the source eNB receives the UE Handover Indication from the UE or the HANDOVER INDICATION from the target eNB, data forwarding may be initiated.
NOTE:
If RACH-less HO is configured: if the UE Handover Indication has not been acknowledged by the source eNB, the UE may access the target cell via RACH.
9
The source eNB forwards the UE Handover Indication to the target eNB.

10
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.

11
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, after receving the RRCConnectionReconfiguration message including the mobilityControlInformation, UE performs synchronisation to target eNB and accesses the target cell after sending the UE Handover Indication.

12
If RACH-less is not configured: the target eNB responds with UL allocation and timing advance.

12a If RACH-less HO is configured: the target eNB may send UL grant to the UE after receiving the UE Handover Indication from the source eNB.
NOTE:
If RACH-less HO is configured: the target eNB may send one or more UL grant to the UE for the initial UL transmission.
13
When 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, whenever possible, to the target eNB to indicate 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.
NOTE:
If Make-Before-Break is configured: the target eNB can optionally signal to the source eNB when the UE has completed handover, if the target eNB does not receive the UE Handover Indication from the source eNB before.


	Start of next changes


10.1.2.8.4
Change of SeNB

The change of SeNB procedure is initiated by MeNB and used to transfer a UE context from a source SeNB to a target SeNB and to change the SCG configuration in UE from one SeNB to another.
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Figure 10.1.2.8.4-1: Change of SeNB

Figure 10.1.2.8.4-1 shows an example signalling flow for the Change of SeNB:

1/2.
The MeNB initiates the change of SeNB by requesting the target SeNB to allocate resources for the UE by means of the SeNB Addition Preparation procedure. MeNB includes the SCG configuration of the old SeNB in the SeNB Addition Request. If forwarding is needed, the target SeNB provides forwarding addresses to the MeNB.

3.
If Make-Before-Break SeNB Change is not configured: if the allocation of target SeNB resources was successful, the MeNB initiates the release of the source SeNB resources towards the UE and the source SeNB.
If Make-Before-Break SeNB Change is configured: the MeNB initiates the release of the source SeNB resources towards the UE and the source SeNB after receiving the RRCConnectionReconfigurationComplete message from the UE (step 3a).
If data forwarding is needed the MeNB provides data forwarding addresses to the source SeNB. Either direct data forwarding or indirect data forwarding is used for SCG bearer. Only indirect data forwarding is used for Split bearer. Reception of the SeNB Release Request message triggers the source SeNB to stop providing user data to the UE and, if applicable, to start data forwarding.

4/5.The MeNB triggers the UE to apply the new configuration. The MeNB indicates the new configuration in the RRCConnectionReconfiguration message towards the UE. In case the UE is unable to comply with (part of) the configuration included in the RRCConnectionReconfiguration message, it performs the reconfiguration failure procedure.
If RACH-less SeNB Change is configured, the MeNB includes timing adjustment indication (as stated in the running 36.331 CR) in the RRCConnectionReconfiguration message. 
If Make-Before-Break SeNB Change is configured, the source SeNB can continue sending downlink data to the UE until the UE executes initial uplink transmission to the target SeNB.
6.
If the RRC connection reconfiguration procedure was successful, the MeNB informs the target SeNB.

7.
The UE synchronizes to the target SeNB. If RACH-less is not configured, the UE will perform RACH procedure after synchoronization.
If RACH-less SeNB Change is configured, the target SeNB may send UL grant to the UE after receiving the SeNB Reconfiguration Complete message from the MeNB (step 7a).
NOTE:
If RACH-less SeNB Change is configured, the target SeNB may send one or more UL grant to the UE for the initial UL transmission.

	End of changes
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