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1	Introduction
[bookmark: _Toc474247438]At RAN3#119, L1/L2 centric mobility (RP-221799 Further NR Mobility Enhancements) was discussed, with some agreements reached for both intra-gNB-DU and inter-gNB-DU scenarios, with several items left as FFS (summary of discussion at R3-230890). Previous agreements are listed below:
	Agreements at RAN3#119 meeting (to be continued items marked in blue)
RAN3#119:
DL/UL TEID handling during LTM configuration:
For intra-DU LTM, the gNB-CU assigns a new UL GTP TEID for each DRB and provides it to the gNB-DU via UE Context Modification Request message(s). The gNB-DU assigns the new DL GTP TEIDs per DRB per candidate cell (whether it should be per candidate cell needs to be further discussed) and provides them back to the gNB-CU in UE Context Modification Response message(s).
For inter-DU LTM, the gNB-CU assigns a new UL GTP TEID for each DRB and provides it to the target gNB-DU via UE Context Setup Request message(s). The target gNB-DU assigns the new DL GTP TEIDs per DRB per candidate cell (whether it should be per candidate cell needs to be further discussed) and provides them back to the gNB-CU in UE Context Setup Response message(s).
Data transmission:
Intra-CU UP case: CU will start data transmission after LTM cells switch signaling from DU including target cell ID. 
Whether new message or legacy message is FFS.
E1 aspects:
In case of CP UP separation, once CUCP receives LTM cell switch signling from (source)DU, CU CP initiates E1 bearer context modification including DL tunnel ID per DRB for target cell, and security keys corresponding to target cell (if updated) for data transmission.
The tentative flow chart to reflect above sentence is captured in section 3.6 in the Sod, to be continued based on this basis.



2	L1/2 Triggered Mobility (LTM) Base Procedures
Taking the agreements and FFS from last meetings, the following, which affect the baseline for intra-DU and inter-DU LTM procedures, can be discussed further:
Execution Phase
· Notification of LTM triggering to gNB-CUs
· There is agreement that the gNB-DU inform the gNB-CU when or after (but NOT before) LTM is triggered. However, details have not been covered and is left open whether to reuse an existing message or introduce a new one.
· In regard to signaling, defining a NEW procedure is preferable. This due to the fact that reuse of gNB-DU initiated UE Context Modification procedure is not appropriate. When a gNB-DU is to inform that LTM has been triggered, it is NOT modifying the actual UE Context nor modifying its prior configuration via this signaling. Thus, even if there is to be some level of information updated later on (e.g., as in an inter-gNB-DU scenario), that would be a decision handled at gNB-CU itself as a result of LTM procedure being carried out and not due to a “request from the source gNB-DU”. Therefore, a new message should be included. Likewise, despite having an agreement that it is left to implementation when exactly the gNB-DU informs the gNB-CU, this notification should still be captured in the Stage 2 signaling for both intra-gNB-DU and inter-gNB-DU LTM mobility scenarios.
Proposal 1: The gNB-DU informs gNB-CU about triggering of LTM via a new F1 procedure “LTM CELL CHANGE NOTIFICATION”. 
Completion Phase
· Removal of LTM prepared cells after cell change
· In RAN3#117, the following is agreed:
	“For intra-DU L1/L2 handover, whether and how to release the source cell/prepared cells’ resources in the gNB DU is FFS”.



In our view, the gNB-CU should be able to update or remove target candidate cells for L1/2 Triggered Mobility (LTM) at any given time. This may be prior to LTM cell change or after. Hence, the FFS should be removed in the BL CR signaling diagram and marked as an optional procedure.
Proposal 2: The gNB-CU may update or release L1/2 Triggered Mobility (LTM) target candidate cells after mobility. Hence, the FFS in in the BL CR should be removed and the procedure marked as optional.
2	gNB-DU Initiated L1/2 Triggered Mobility Configuration Removal 
The agreed RAN3 framework for L1/2 Triggered Mobility (LTM) configuration is based on an action initiated by the gNB-CU (e.g., from L3 measurements). The gNB-CU is in charge of initiating the configuration of cells for LTM to the corresponding gNB-DU hosting the target candidate cells. The gNB-DU can in place accept or reject the configuration request.
However, there is also scenario in which already configured target candidate cells for LTM are no longer suitable or possible to sustain at the gNB-DU. Such cases may be for instance the gNB-DU experiencing lack of resources, or other condition that it makes the target candidate cell for LTM no longer suitable. For these scenarios, the gNB-DU should be able to initiate the DE-configuration of the LTM target candidate cell. We see at least the following options for the DE-configuration of an LTM target candidate cell.
· Option 1a: Reuse of gNB-DU Initiated UE Context Modification procedure (i.e. UE CONTEXT MODIFICATION REQUIRED message). This option allows reuse of existing F1AP procedures. However, it has some drawbacks. First, it will be slow as the message needs to be sent first to the gNB-CU, which then would prepare an RRC message, and subsequently have gNB-CU remove the configuration from both the UE and the gNB-DU. Additionally, there may be conflict if gNB-CU rejects the modification request. Hence, handling of such abnormal scenarios would need to be defined as well. 
· Option 1b: Similar to Option 1a, but with introduction of a new F1AP procedure requesting LTM target candidate cells DE-configuration.
· Option 2a. Have the gNB-DU directly DE-configure the LTM target candidate cells. That is, the gNB-DU signals the UE via an L1 message the target candidate cells to be DE-configured. Likewise, the gNB-DU removes the resources utilized for the LTM target candidate cells, and informs the gNB-CU the target candidate cells that have been DE-configured (likely via a new F1AP message). In this case, the gNB-CU is simply informed of the cells that are no longer configured, and the removal of both the UE and gNB-DU resources can occur in a fast manner with minimal signalling. However, we see this approach as disruptive as it triggers the UE to release a configuration which was part of an RRC Reconfiguration message, which is complex. Further, this option can additional implications, given that RAN2 is carrying out discussions regarding which RRC Model should be used (Model 1 vs. Model 2). Hence, we see adoption of this option to be unnecessarily complex.
· Option 2b: Similar to Option 2b, in that gNB-DU could DE-configure the target cells from itself. However, with difference that gNB-DU then signals the target cells that were de-configured to the gNB-CU, and it is kept a gNB-CU responsibility to build an appropriate RRC message and update the configuration to the UE. This approach has the benefit of de-configuring LTM from the gNB-DU as soon as needed, even if the updated LTM configuration toward the UE takes longer time, as it needs to take place via the gNB-CU. 
Considering the discussion above, we think Option 2b is best suited and should be pursued by RAN3. Likewise, given the UE interaction would take place directly from the gNB-DU, RAN2 should be queried regarding this alternative.
Proposal 3: The gNB-DU can de-configure already configured L1/2 Triggered Mobility (LTM) target candidate cells.
Proposal 4: RAN3 to discuss and evaluate the alternatives and procedures for gNB-DU initiated LTM target candidate cell de-configuration and send LS to RAN2 summarizing its view.
3	E1 Interactions
The premise in which L1/L2 inter-cell mobility operates requires configuration and preparation of candidate target cells at the same Source gNB-DU (mobility to a cell within the same gNB-DU), as well as at a separate Candidate gNB-DU (mobility to a cell within a separate gNB-DU). In both cases, the mobility is expected to occur within the same gNB-CU (i.e., intra-gNB mobility), as described in the Rel-18 work item.
At RAN3#119 meeting, there was discussion on very basic E1 interactions with following FFS, which we propose to be turned into agreements.
	In case of CP UP separation, once CUCP receives LTM cell switch signling from (source)DU, CU CP initiates E1 bearer context modification including DL tunnel ID per DRB for target cell, and security keys corresponding to target cell (if updated) for data transmission.
The tentative flow chart to reflect above sentence is captured in section 3.6 in the Sod, to be continued based on this basis.


Proposal 5: Remove FFS and turn to agreement that in case of CP UP separation, once gNB-CU-CP receives LTM cell switch signaling from (source)DU, gNB-CU-CP initiates E1 bearer context modification including DL tunnel ID per DRB for target cell, and security keys corresponding to target cell (if updated) for data transmission.
Proposal 6: Capture the E1 interactions for LTM intra-DU and inter-DU with gNB-CU-UP change mobility in Stage 2 (TS 38.401)
2	L1/2 Triggered Mobility (LTM) Data Forwarding
A target of the Rel-18 work item is to reduce the interruption time of the mobility procedure. At RAN3#119 meeting, it was agreed that for LTM scenario where the mobility does not incur a CU-UP change, the following applies:
	Intra-CU UP case: CU will start data transmission after LTM cells switch signaling from DU including target cell ID.



A reason for limiting discussion for scenario where CU-UP remains the same was to simplify and focus the discussion at the meeting. However, in our view, the same logic is applicable for scenario where the CU-UP changes. For example, a gNB is comprised of 
· gNB-CU-CP
· gNB-CU-UP#1 (aka. source CU-UP) and gNB-CU-UP#2 (aka. target CU-UP)
· gNB-DU#1 (aka. source DU) and gNB-DU#2 (aka. target DU)
· Only one cell per gNB-DU (i.e., cell A in gNB-DU#1 and cell B in gNB-DU#2)
· gNB-DU#1 (aka. Source DU) only interfaces gNB-CU-UP#1 (aka. Source CU-UP) and gNB-DU#2 (aka. target DU) only interfaces gNB-CU-UP#2 (aka. Target CU-UP)

The data forwarding procedure in the above scenario will look like:




Figure 1: Data forwarding procedure in case of CU-UP change
Signalling flow in Figure 1 is explained below:
Starting assumption: UE is in Cell A configured by source DU which interfaces with source CU-UP (via F1-U) and CU-CP (via F1-C). 
Step 1-2: UE sends the measurement results to Source DU which forwards it to CU-CP.
Step 3: CU-CP decides to configure candidate cell (i.e. cell B) for LTM.
Step 4-7: E1 bearer context setup procedure and F1 UE context setup procedure is performed to prepare Cell B in target DU. 
Step 8-11: RRC re-configuration message is sent to UE and in return RRC Reconfiguration complete message is received. 
Step12-14: Based on L1 measurement report, cell change to Cell B is triggered. 
Step 15: Source DU sends cell change notification (to Cell B) to CU-CP.
Step 16-17: CU-CP fetch the PDCP UL/DL status from source CU-UP and other data forwarding information using bearer context modification procedure. 
Step 18-19: Bearer context modification procedure is performed. 
Step 20-21: Data forwarding is enabled. 
Step 22-26: After successful move of UE to cell B, path switch procedure is performed with end markers. 
From the above we can see that the same logic of preparing a different gNB-CU-UP takes place after the gNB-CU-CP has received the indication that LTM was triggered. Thus, we can extend our earlier RAN3 agreement also for LTM scenarios with gNB-CU-UP change.
Proposal 7: In case of gNB-CU-UP change, gNB-CU-UP will start data transmission after LTM cells switch signalling from DU including target cell ID.
3	Inter-working of L3 and L1 Mobility 
Furthermore, in previous RAN3 meetings, it is pointed out that L3-based mobility and L1/L2-triggered mobility (LTM) can be simultaneously configured for a UE. In such cases, the simplest solution is to pre-determine (e.g., via O&M function) whether to prioritize LTM or L3-based mobility. Therefore, there are two possibilities: (1) LTM is always prioritized, and (3) L3 mobility is always prioritized. In the first case, the gNB-DU can reject the L3 handover command and inform the gNB-CU that LTM was triggered. Whereas, in the second case, the gNB-DU accepts the request, abandons LTM triggering toward the UE and continues with the L3 legacy mobility procedures. 
Although the above pre-determined way of prioritizing between LTM and L3-based mobility is the simplest, we think that it is not the optimal way. For example, in case LTM handover is prioritized which is based on L1 measurement reports only, it is to be noted that L1 measurements reports are unfiltered reports such that the channel impairments (fast fading, shadow fading, etc…), which results in measured L1 RSRP values to be fluctuating significantly. This issue is more pronounced in FR2 scenarios where the measured signal fluctuates significantly in higher carrier frequencies. Handover decision based on unstable L1 RSRP measurements will lead ping-pongs or handover to wrong cell (i.e., a cell may appear to be a suitable target cell, but only for a short period of time); which eventually leads unnecessary or wrong handovers. 
Observation 1: Blindly prioritizing LTM over L3-mobility leads to handover to wrong cells or ping pongs.
Similarly, LTM is only limited to intra-gNB-CU scenarios. That means, based on LTM procedures, a UE cannot handover to cells which belong to different gNB-CU. However, L3 mobility can be performed in all scenarios including inter-gNB-CU. Therefore, prioritizing only LTM over L3 mobility will result in non-optimized handover. Therefore, we propose the following:
Proposal 8: It is left up to network decision on whether to prioritize LTM or L3-mobility based on the scenario (intra-gNB-CU or inter-gNB-CU) and the measurement results.
However, the current specification does not have any procedure to allow network-based decision and to enable efficient coexistence and reliable handover.
Observation 2: When both L1/L2-triggered mobility and L3 based mobility are configured simultaneously, the current specification does not have any procedure to enable efficient coexistence and reliable handover.
In our view, when initiating the L3 handover, the gNB-CU should send to the gNB-DU at least the following information.
· The list of candidate target cells for L3 handover (i.e., TS 38.331 IE measResultListNR) received as a part of TS 38.331 IE MeasResults from UE via an RRC container sent from gNB-DU to gNB-CU
· A subset from the list of candidate target cells extracted from TS 38.331 IE MeasResults received from UE. For example, the gNB-CU can provide the gNB-DU with information (e.g., NR Cell Identity or physical cell ID and the NR carrier frequency) about the L3-based strongest cell or multiple cells.
Proposal 9: When initiating the L3 handover, the gNB-CU sends to the gNB-DU the list of candidate target cells.
Furthermore, the gNB-DU decides to trigger LTM based on both L1 measurements received from the UE and the list of candidate target cells for L3 handover received from the gNB-CU. For this purpose, the gNB-DU defines a common set of neighboring cells between L1 measurements and L3 candidate cells received from the gNB-CU and the gNB-DU triggers a LTM handover to a cell selected from this common set.
Proposal 10: gNB-DU decides to trigger LTM based on both L1 measurements received from the UE and the L3 candidate cells received from the gNB-CU.
An advantage of the above proposals is that the decision to trigger an LTM handover is a more robust, as this decision is reinforced by L3 measurements. Another advantage is to prevent the gNB-DU from choosing a wrong cell for the LTM handover, because the gNB-DU's choice is not solely based on unfiltered L1 measurement reports.
4	Conclusions

Proposal 1: The gNB-DU informs gNB-CU about triggering of LTM via a new F1 procedure “LTM CELL CHANGE NOTIFICATION”. 
Proposal 2: The gNB-CU may update or release L1/2 Triggered Mobility (LTM) target candidate cells after mobility. Hence, the FFS in in the BL CR should be removed and the procedure marked as optional.
Proposal 3: The gNB-DU can de-configure already configured L1/2 Triggered Mobility (LTM) target candidate cells.
Proposal 4: RAN3 to discuss and evaluate the alternatives and procedures for gNB-DU initiated LTM target candidate cell de-configuration and send LS to RAN2 summarizing its view.
Proposal 5: Remove FFS and turn to agreement that in case of CP UP separation, once gNB-CU-CP receives LTM cell switch signaling from (source)DU, gNB-CU-CP initiates E1 bearer context modification including DL tunnel ID per DRB for target cell, and security keys corresponding to target cell (if updated) for data transmission.
Proposal 6: Capture the E1 interactions for LTM intra-DU and inter-DU with gNB-CU-UP change mobility in Stage 2 (TS 38.401)
Proposal 7: In case of gNB-CU-UP change, gNB-CU-UP will start data transmission after LTM cells switch signalling from DU including target cell ID.
Observation 1: Blindly prioritizing LTM over L3-mobility leads to handover to wrong cells or ping pongs.
Proposal 8: It is left up to network decision on whether to prioritize LTM or L3-mobility based on the scenario (intra-gNB-CU or inter-gNB-CU) and the measurement results.
Observation 2: When both L1/L2-triggered mobility and L3 based mobility are configured simultaneously, the current specification does not have any procedure to enable efficient coexistence and reliable handover.
Proposal 9: When initiating the L3 handover, the gNB-CU sends to the gNB-DU the list of candidate target cells.
Proposal 10: gNB-DU decides to trigger LTM based on both L1 measurements received from the UE and the L3 candidate cells received from the gNB-CU.
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--------------------------------------------------------- start of change -------------------------------------------------------------

8.2.1.X	Intra-gNB-DU L1/L2 Triggered Mobility 
This procedure is used for the case when the UE moves within the same gNB-DU during NR operation for L1/L2 triggered mobility. Figure 8.2.1.x-1 shows the intra-gNB-DU L1/L2 triggered mobility procedure for intra-NR.





Figure 8.2.1.x-1: Intra-gNB-DU L1/L2 Triggered Mobility
1. The UE sends a MeasurementReport message (L3 measurement result FFS) to the gNB-DU containing  measurementscontaining measurements of neighboring cells. The gNB-DU sends an UL RRC MESSAGE TRANSFER message conveying the received MeasurementReport message to the gNB-CU. 
2. The gNB-CU determines to initiate L1/L2 triggered mobility configuration. 
3. The gNB-CU sends a UE CONTEXT MODIFICATION REQUEST message to the gNB-DU containing the target candidate cells.
4. If the gNB-DU accepts the request of LTM configuration, it responds to the gNB-CU with a UE CONTEXT MODIFICATION RESPONSE message including the generated lower layer RRC configurations for the accepted target candidate cell(s).
FFS for Step 3 and Step 4: either a single or multiple UE Context Modification procedure(s) should be used.
5. The gNB-CU sends a DL RRC MESSAGE TRANSFER message to the gNB-DU, which includes the generated RRCReconfiguration message with the L1/L2 triggered mobility configuration. 
FFS: whether it is DL RRC MESSAGE TRANSFER message or UE CONTEXTontext MODIFICATIONodification REQUESTequest message.
6. The gNB-DU forwards the received RRCReconfiguration message to the UE.
7. The UE responds to the gNB-DU with an RRCReconfigurationComplete message.
8. The gNB-DU forwards the RRCReconfigurationComplete message to the gNB-CU via an UL RRC MESSAGE TRANSFER message. 
FFS: whether it is UL RRC MESSAGE TRANSFER message or UE CONTEXT ontext MODIFICATIONodification RESPONSEesponse message.
9. The UE sends the lower layer measurement result to the gNB-DU. The gNB-DU decides to execute L1/L2 inter-cell mobility.
10. The gNB-DU sends the LTM command to the UE.
Editor’s note: The LTM command needs to be updated according to RAN2’s discussion.
11. The gNB-DU signals the gNB-CU about the initiation of the L1/L2 triggered mobility command to the UE including the Target cell ID via n LTM CELL CHANGE NOTIFICATION message. 
FFS: introduce new message or reuse legacy message.
12. FFS: How the target gNB-DU detects the UE access.
13. The target gNB-DU sends the ACCESS SUCCESS message to the gNB-CU with the target Cell ID.
14. FFS: The gNB-CU may send the UE CONTEXT MODIFICATION message to the gNB-DU to release the resources of prepared cells.
15. FFS: The gNB-DU responds with a UE CONTEXT MODIFICATION RESPONSE message.


--------------------------------------------------------- end of change -------------------------------------------------------------



--------------------------------------------------------- start of change -------------------------------------------------------------
8.2.1.Y	Inter-gNB-DU L1/L2 Triggered Mobility 
This procedure is used for the case when the UE moves from one gNB-DU to another gNB-DU within the same gNB-CU during NR operation for L1/L2 Triggered Mobility. Figure 8.2.1.Y-1 shows the inter-gNB-DU L1/L2 Triggered Mobility procedure for intra-NR.





Figure 8.2.1.Y-1: Iinter gNB-DU L1/L2 Triggered Mobility
1. The UE sends a MeasurementReport message (L3 measurement result FFS) to the source gNB-DU containing  measurements of neighboring cells. The source gNB-DU sends an UL RRC MESSAGE TRANSFER message conveying the received MeasurementReport message to the gNB-CU. 
2. The gNB-CU determines to initiate  L1/L2 triggered mobility configuration. 
3. The gNB-CU sends a UE CONTEXT SETUP REQUEST message to the candidate gNB-DU, containing the target candidate cells. 
FFS for Step 3 and Step 4: either a single or multiple UE Context Setup procedure(s) should be used.
4. If the candidate gNB-DU accepts the request of LTM configuration, it responds to the gNB-CU with a UE CONTEXT SETUP RESPONSE message including the generated lower layer RRC configuration for the accepted target candidate cell(s).
5. The gNB-CU sends a DL RRC MESSAGE TRANSFER message to the source gNB-DU, which includes the generated RRCReconfiguration message with the L1/L2 triggered mobility configuration.
FFS: whether it is DL RRC MESSAGE TRANSFER message or UE CONTEXT MODIFICATION REQUESTContext Modification Request message.
6. The source gNB-DU forwards the received RRCReconfiguration message to the UE.
7. The UE responds to the source gNB-DU with an RRCReconfigurationComplete message.
8. The source gNB-DU forwards the RRCReconfigurationComplete message to the gNB-CU via an UL RRC MESSAGE TRANSFER message. 
FFS: whether it is UL RRC MESSAGE TRANSFER message or UE CONTEXT MODIFICATION RESPONSEContext Modification Response message.
9. The UE sends the lower layer measurement result to the source gNB-DU. 
10. The source gNB-DU decides to execute L1/L2 triggered mobility to a candidate target cell.
FFS: Notifying the LTM triggering decision to the other nodes as well.
11. The source gNB-DU sends LTM command to the UE. 
Editor’s note:  The LTM command needs to be updated according to RAN2’s discussion.
12. The source gNB-DU signals the gNB-CU about the initiation of the L1/L2 triggered mobility command to the UE including the Target cell ID via an LTM CELL SWITCH NOTIFICATION message.
FFS: introduce new message or reuse legacy message.
13. FFS:  how the target gNB-DU detects the UE access and whether there is an F1 impact.
14. [bookmark: OLE_LINK1]The target gNB-DU sends the ACCESS SUCCESS message to the gNB-CU with the target cell ID. 
15. The gNB-CU may release the resources of prepared cells in the source gNB-DU. FFS: For inter-DU L1/L2 Triggered Mobility, whether and how to release the source cell/prepared cells’ resources in the source gNB-DU is FFS.



--------------------------------------------------------- end of change -------------------------------------------------------------


--------------------------------------------------------- start of change -------------------------------------------------------------

8.9.X	Intra-gNB-DU L1/L2 based inter-cell Mobility involving CU-UP




Figure X2: Intra-gNB-DU L1/L2 based inter-cell Mobility involving gNB-CU-UP



8.9.X	Inter-gNB-DU L1/L2 based inter-cell Mobility with gNB-CU-UP change


Figure X2: Inter gNB-DU L1/L2 based inter-cell Mobility with gNB-CU-UP change


--------------------------------------------------------- end of change -------------------------------------------------------------
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