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1	Introduction
For Rel-16 LTE mobility enhancements, an e-mail discussion [106#84][LTE]  Stage-2 CR for LTE mobility enhancements (China Telecom) was triggered to provide a stage-2 text proposal to 36.300. 
For Rel-16 NR mobility enhancements, however, there is no corresponding running stage-2 CR yet. Nevertheless, this contribution makes a first high-level analysis of the current handover procedure stage-2 description in TS 38.300 in order to identify any changes to support the procedure for make-before-break handover.
[bookmark: _Ref178064866]2	Discussion
2.1	Analysis of the handover procedure in TS 38.300
Below a copy of the illustration of the Intra-AMF/UPF Handover procedure in clause 9.2.3.2.1 in TS 38.300 [2] is provided.


Figure 9.2.3.2.1-1: Intra-AMF/UPF Handover

Referring to the procedure in the drawing from 38.300 above, we here discuss the applicability of each step for the make-before-break handover.
For steps 0-3, we don’t see why they shouldn’t apply also for the make-before-break handover. Moreover, we think that source gNB needs to indicate the need to perform make-before-break handover to target gNB in the Handover Request, in order for the target gNB to prepare RRC configuration and execute the rest of the procedure to support make-before-break handover as it differs from the legacy handover. Details for this needs further study by RAN3.
[bookmark: _Toc16666247]In order to trigger a make-before-break handover in the target gNB, the source gNB needs to include an indication in the Handover Request with meaning “make-before-break handover requested”.
For steps 4-5, they also apply also for the make-before-break handover. 
[bookmark: _Toc16666245]Also for the make-before-break handover, target gNB performs admission control and provides the RRC configuration as part of the Handover Acknowledgement.
However, the target gNB should have means to reject the make-before-break handover, either as Handover Reject or as fallback to legacy handover. For example, for whatever reason, the target gNB does not support Make-before-break. These aspects need further study by RAN3. And as this is out of the scope for the straightforward case described in 38.300 we can leave that for stage-3 specification.
In step 5, if the RRC configuration should in case of make-before-break handover, include an indication in the Handover Command with meaning “make-before-break handover” in order to distinguish it from other types of “handover”.
[bookmark: _Toc16666248]The RRC configuration from target gNB optionally includes an indication in the Handover Command with meaning a request to perform “make-before-break handover” in order to distinguish it from other types of “handover”.
Regarding “Detach from old cell - Synchronise to new cell”:  In case of make-before-break handover, the UE keeps the radio link in the source cell while accessing the target cell. It needs also to keep user plane configuration such as physical layer configuration and L2 configuration associated with the source cell. What triggers the UE release of source cell (and associated configuration) is still to be decided by RAN2 and is therefore FFS.
[bookmark: _Toc16666249]In case of make-before-break handover, the UE keeps the radio link and associated user plane configuration in the source cell while accessing the target cell.
[bookmark: _Hlk16600611]The sequence above illustrates data forwarding from source to target gNB. RAN2#106 agreed that “PDCP packet duplication” does not need to be supported. We think that the network may optionally duplicate DL PDCP data PDUs to the UE since the UE receives from both source and target during some time. This needs to be captured in stage-2 as well.
[bookmark: _Toc16666246]DL PDCP packet duplication may be utilized by the network during stage-2 handover and this needs to be captured in stage-2.
Moreover, in case of make-before-break handover there is a point in time where the UE switches its uplink data transmission to the target cell, according to RAN2 agreement. As we think this is an important stage-2 level aspect it needs to be captured in the handover procedure 38.300 for the make-before-break case.
[bookmark: _Hlk16087113]In step 8, the UE sends the “Handover Complete” (in our view RRCReconfigurationComplete) message to the target gNB. In case of legacy handover, this completes the procedure from the UE point of view. In case of make-before-break handover, the handover is completed by the UE when it has released the connection to the source cell.
[bookmark: _Toc16666250]In case of make-before-break handover, the handover has been completed in the UE when the UE has released the connection to the source cell.

A text proposal to 38.300 [2] where the above proposals and observations are captured, is provided in the next section.
[bookmark: _Ref189046994]3	Text Proposal to TS 38.300
[bookmark: _Toc16666251]We kindly ask RAN2 to consider the following text proposal to TS 38.300.

[bookmark: _Toc12623272]9.2.3.1	Overview
Network controlled mobility applies to UEs in RRC_CONNECTED and is categorized into two types of mobility: cell level mobility and beam level mobility.
Cell Level Mobility requires explicit RRC signalling to be triggered, i.e. handover. For inter-gNB handover, the signalling procedures consist of at least the following elemental components illustrated in Figure 9.2.3.1-1:


Figure 9.2.3.1-1: Inter-gNB handover procedures
1.	The source gNB initiates handover and issues a HANDOVER REQUEST over the Xn interface.
2.	The target gNB performs admission control and provides the new RRC configuration as part of the HANDOVER REQUEST ACKNOWLEDGE.
3.	The source gNB provides the RRC configuration to the UE by forwarding the RRCReconfiguration message received in the HANDOVER REQUEST ACKNOWLEDGE. The RRCReconfiguration message includes at least cell ID and all information required to access the target cell so that the UE can access the target cell without reading system information. For some cases, the information required for contention-based and contention-free random access can be included in the RRCReconfiguration message. The access information to the target cell may include beam specific information, if any.
4.	The UE moves the RRC connection to the target gNB and replies with the RRCReconfigurationComplete.
NOTE:	User Data can also be sent in step 4 if the grant allows.
The handover mechanism triggered by RRC requires the UE at least to reset the MAC entity and re-establish RLC. RRC managed handovers with and without PDCP entity re-establishment are both supported. For DRBs using RLC AM mode, PDCP can either be re-established together with a security key change or initiate a data recovery procedure without a key change. For DRBs using RLC UM mode and for SRBs, PDCP can either be re-established together with a security key change or remain as it is without a key change.
Data forwarding, in-sequence delivery and duplication avoidance at handover can be guaranteed when the target gNB uses the same DRB configuration as the source gNB.
Timer based handover failure procedure is supported in NR. RRC connection re-establishment procedure is used for recovering from handover failure.
In case of make-before-break handover, the UE keeps the radio link and associated U-plane configuration in the source cell while accessing the target cell.
Beam Level Mobility does not require explicit RRC signalling to be triggered. The gNB provides via RRC signalling the UE with measurement configuration containing configurations of SSB/CSI resources and resource sets, reports and trigger states for triggering channel and interference measurements and reports. Beam Level Mobility is then dealt with at lower layers by means of physical layer and MAC layer control signalling, and RRC is not required to know which beam is being used at a given point in time.
SSB-based Beam Level Mobility is based on the SSB associated to the initial DL BWP and can only be configured for the initial DL BWPs and for DL BWPs containing the SSB associated to the initial DL BWP. For other DL BWPs, Beam Level Mobility can only be performed based on CSI-RS.
[bookmark: _Toc12623273]9.2.3.2	Handover
[bookmark: _Toc12623274]9.2.3.2.1	C-Plane Handling
The intra-NR RAN handover performs the preparation and execution phase of the handover procedure performed without involvement of the 5GC, i.e. preparation messages are directly exchanged between the gNBs. The release of the resources at the source gNB during the handover completion phase is triggered by the target gNB. The figure below depicts the basic handover scenario where neither the AMF nor the UPF changes:


Figure 9.2.3.2.1-1: Intra-AMF/UPF Handover
0.	The UE context within the source gNB contains information regarding roaming and access restrictions which were provided either at connection establishment or at the last TA update.
1.	The source gNB configures the UE measurement procedures and the UE reports according to the measurement configuration.
2.	The source gNB decides to handover the UE, based on MeasurementReport and RRM information.
3.	The source gNB issues a Handover Request message to the target gNB passing a transparent RRC container with necessary information to prepare the handover at the target side. The information includes at least the target cell ID, KgNB*, the C-RNTI of the UE in the source gNB, RRM-configuration including UE inactive time, basic AS-configuration including antenna Info and DL Carrier Frequency, the current QoS flow to DRB mapping rules applied to the UE, the SIB1 from source gNB, the UE capabilities for different RATs, PDU session related information, and can include the UE reported measurement information including beam-related information if available. It can also include an indicator to request make-before-break handover. The PDU session related information includes the slice information and QoS flow level QoS profile(s).
NOTE:	After issuing a Handover Request, the source gNB should not reconfigure the UE, including performing Reflective QoS flow to DRB mapping.
4.	Admission Control may be performed by the target gNB. Slice-aware admission control shall be performed if the slice information is sent to the target gNB. If the PDU sessions are associated with non-supported slices the target gNB shall reject such PDU Sessions.
5.	The target gNB prepares the handover with L1/L2 and sends the HANDOVER REQUEST ACKNOWLEDGE to the source gNB, which includes a transparent container to be sent to the UE as an RRC message to perform the handover. It may also include an indicator that the target gNB accepts the request to perform a make-before-break handover.
[bookmark: OLE_LINK89][bookmark: OLE_LINK90]6.	The source gNB triggers the Uu handover by sending an RRCReconfiguration message to the UE, containing the information required to access the target cell: at least the target cell ID, the new C-RNTI, the target gNB security algorithm identifiers for the selected security algorithms. It can also include a set of dedicated RACH resources, the association between RACH resources and SSB(s), the association between RACH resources and UE-specific CSI-RS configuration(s), common RACH resources, and system information of the target cell, an indicator to request make-before-break handover, etc.
7.	The source gNB sends the SN STATUS TRANSFER message to the target gNB.
8.	The UE synchronises to the target cell and completes the RRC handover procedure by sending RRCReconfigurationComplete message to target gNB. In case of make-before-break handover, the UE keeps the radio link in the source cell and associated U-plane configuration.
9.	The target gNB sends a PATH SWITCH REQUEST message to AMF to trigger 5GC to switch the DL data path towards the target gNB and to establish an NG-C interface instance towards the target gNB.
10.	5GC switches the DL data path towards the target gNB. The UPF sends one or more "end marker" packets on the old path to the source gNB per PDU session/tunnel and then can release any U-plane/TNL resources towards the source gNB.
11.	The AMF confirms the PATH SWITCH REQUEST message with the PATH SWITCH REQUEST ACKNOWLEDGE message.
12.	Upon reception of the PATH SWITCH REQUEST ACKNOWLEDGE message from the AMF, the target gNB sends the UE CONTEXT RELEASE to inform the source gNB about the success of the handover. The source gNB can then release radio and C-plane related resources associated to the UE context. Any ongoing data forwarding may continue.
Editor’s note:	In case of make-before-break handover, the trigger for the UE to release the radio link in the source cell and associated U-plane configuration is FFS.
The RRM configuration can include both beam measurement information (for layer 3 mobility) associated to SSB(s) and CSI-RS(s) for the reported cell(s) if both types of measurements are available. Also, if CA is configured, the RRM configuration can include the list of best cells on each frequency for which measurement information is available. And the RRM measurement information can also include the beam measurement for the listed cells that belong to the target gNB.
The common RACH configuration for beams in the target cell is only associated to the SSB(s). The network can have dedicated RACH configurations associated to the SSB(s) and/or have dedicated RACH configurations associated to CSI-RS(s) within a cell. The target gNB can only include one of the following RACH configurations in the Handover Command to enable the UE to access the target cell:
i)	Common RACH configuration;
ii)	Common RACH configuration + Dedicated RACH configuration associated with SSB;
iii)	Common RACH configuration + Dedicated RACH configuration associated with CSI-RS.
The dedicated RACH configuration allocates RACH resource(s) together with a quality threshold to use them. When dedicated RACH resources are provided, they are prioritized by the UE and the UE shall not switch to contention-based RACH resources as long as the quality threshold of those dedicated resources is met. The order to access the dedicated RACH resources is up to UE implementation.
[bookmark: _Toc12623275]9.2.3.2.2	U-Plane Handling
The U-plane handling during the Intra-NR-Access mobility activity for UEs in RRC_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 gNB and the target gNB;
-	During HO execution, user data can be forwarded from the source gNB to the target gNB;
-	Forwarding should take place in order as long as packets are received at the source gNB from the UPF or the source gNB buffer has not been emptied.
-	In case of make-before-break handover, the source gNB may duplicate user data and send it to the UE in the source cell while forwarding it to the target gNB.
-	During HO completion:
-	The target gNB sends a path switch request message to the AMF to inform that the UE has gained access and the AMF then triggers path switch related 5GC internal signalling and actual path switch of the source gNB to the target gNB in UPF;
-	The source gNB should continue forwarding data as long as packets are received at the source gNB from the UPF or the source gNB buffer has not been emptied.
For RLC-AM bearers:
-	For in-sequence delivery and duplication avoidance, PDCP SN is maintained on a per DRB basis and the source gNB informs the target gNB about the next DL PDCP SN to allocate to a packet which does not have a PDCP sequence number yet (either from source gNB or from the UPF).
-	For security synchronisation, HFN is also maintained and the source gNB 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 gNB, a window-based mechanism is used for duplication detection and reordering.
-	The occurrence of duplicates over the air interface in the target gNB is minimised by means of PDCP SN based reporting at the target gNB by the UE. In uplink, the reporting is optionally configured on a per DRB basis by the gNB and the UE should first start by transmitting those reports when granted resources are in the target gNB. In downlink, the gNB 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 gNB re-transmits and prioritizes all downlink data forwarded by the source gNB (i.e. the target gNB should first send all forwarded PDCP SDUs with PDCP SNs, then all forwarded downlink PDCP SDUs without SNs before sending new data from 5GC), excluding PDCP SDUs for which the reception was acknowledged through PDCP SN based reporting by the UE.
NOTE:	Lossless delivery when a QoS flow is mapped to a different DRB at handover, requires the old DRB to be configured in the target cell. For in-order delivery in the DL, the target gNB should first transmit the forwarded PDCP SDUs on the old DRB before transmitting new data from 5GCN on the new DRB. In the UL, the target gNB should not deliver data of the QoS flow from the new DRB to 5GCN before receiving the end marker on the old DRB from the UE.
-	The UE re-transmits in the target gNB all uplink PDCP SDUs starting from the oldest PDCP SDU that has not been acknowledged at RLC in the source, excluding PDCP SDUs for which the reception was acknowledged through PDCP SN based reporting by the target.
For RLC-UM bearers:
-	The PDCP SN and HFN are reset in the target gNB;
-	No PDCP SDUs are retransmitted in the target gNB;
-	The target gNB prioritises all downlink SDAP SDUs forwarded by the source gNB over the data from the core network;
NOTE:	To minimise losses when a QoS flow is mapped to a different DRB at handover, the old DRB needs to be configured in the target cell. For in-order delivery in the DL, the target gNB should first transmit the forwarded PDCP SDUs on the old DRB before transmitting new data from 5GCN on the new DRB. In the UL, the target gNB should not deliver data of the QoS flow from the new DRB to 5GCN before receiving the end marker on the old DRB from the UE.
-	The UE does not retransmit any PDCP SDU in the target cell for which transmission had been completed in the source cell.
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4	Conclusion
In the previous sections we made the following observations: 
Observation 1	Also for the make-before-break handover, target gNB performs admission control and provides the RRC configuration as part of the Handover Acknowledgement.
Observation 2	DL PDCP packet duplication may be utilized by the network during stage-2 handover and this needs to be captured in stage-2.

Based on the discussion in the previous sections we propose the following:
Proposal 1	In order to trigger a make-before-break handover in the target gNB, the source gNB needs to include an indication in the Handover Request with meaning “make-before-break handover requested”.
Proposal 2	The RRC configuration from target gNB optionally includes an indication in the Handover Command with meaning a request to perform “make-before-break handover” in order to distinguish it from other types of “handover”.
Proposal 3	In case of make-before-break handover, the UE keeps the connection to the source cell while connecting to the target cell.
Proposal 4	In case of make-before-break handover, the handover has been completed in the UE when the UE has released the connection to the source cell.
Proposal 5	We kindly ask RAN2 to consider the following text proposal to TS 38.300.
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