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1	Introduction
[bookmark: _Toc474247438]At RAN3#119bis, 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. Previous agreements are listed below:
	Agreements at RAN3#119bis meeting (with FFS items in red)
The CU requests the candidate DU to provide RACH resource per candidate cell for TA acquisition in inter-DU case.
For intra-DU LTM, the gNB-DU sends a DDDS frame about unsuccessfully transmitted downlink data to the gNB-CU after LTM cell switch if RLC reestablishment is configured. 
For inter-DU LTM, the DDDS should be sent from source gNB-DU to CU-UP when the LTM cell switch command is sent. Then the CU-UP can start forwarding the unsuccessfully transmitted data to target gNB-DU.
The gNB-CU may modify or release L1/2 Triggered Mobility (LTM) candidate cells in the gNB-DU.
The (candidate) gNB-DU may cancel already configured L1/2 Triggered Mobility (LTM) candidate cells and notify to the CU.
The gNB-CU may use the UE Context Modification procedure to modify or release the prepared resources of candidate cells in the (candidate) gNB-DU and use the UE Context Release procedure to release the UE context in the (candidate) gNB-DU.
For intra-CU-UP case, in case of CP UP separation, once CUCP receives LTM cell switch signling from (source)DU , CU CP initiates E1 bearer context modification to the CU UP including DL tunnel ID per DRB for target cell, for data transmission.
For inter-CU-UP LTM, once the CU-CP receives LTM cell switch signaling from (source) DU, the CU-CP initiates E1 bearer context modification to the target CU UP including DL tunnel ID per DRB for target cell for data transmission.
For inter-CU-UP LTM, the CU-CP initiates E1 bearer context modification to the source CU-UP for retrieving the latest PDCP status at the source CU-UP and exchanging the data forwarding information to target CU-UP.
In case of gNB-CU-UP change, the gNB-CU triggers the source gNB-CU-UP to start data forwarding after receiving LTM cells switch signalling from DU.
For inter-CU-UP LTM, Path switch procedure is performed towards the core network after detecting the UE has accessed to the target cell.
For intra-DU LTM, DDDS from gNB-DU to CU-UP is not needed for those DRBs for which RLC is not re-established.
For intra-CU inter-DU LTM, target gNB-DU sends initial DDDS using the new UL TEID to CU-UP after target gNB-DU detects the UE access (following legacy).
The (candidate) gNB-DU may use the UE Context Modification Required message to release the candidate cells, and the gNB-CU shall not reject.
The (candidate) gNB-DU may use the UE Context Modification Required procedure to request to cancel the prepared resources of a subset of candidate cells in it and use the UE Context Release Request procedure to request to release all candidate cells in it.
Down-selection on candidate cells configuration in one message or multiple message:
Option 1: One message
Option 2: multiple messages
Option 3: Both options are supported. In case that a list of candidate cells is included, the DU responds to the CU with the accepted candidate cells which have the same admitted result for DRBs.
FFS on the message for CU requesting “RACH resource”(UE Context Setup procedure or UE Context Modification procedure or both)
FFS: For intra-DU LTM, the gNB-DU sends initial DDDS using the new UL TEID if assigned by the CU to CU-UP after target gNB-DU detects the UE access.



In this contribution, we describe our view on the listed FFS together with other open issues which needs further discussion in RAN3. 
2	Baseline Procedure
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:
LTM Preparation Phase
· One or multiple messages to configure multiple LTM candidate cells
There is agreement that gNB-CU initiates the L1/L2 mobility procedure and initiates configuration of the candidate target cell(s) toward the gNB-DU(s) via UE Context Modification/Setup procedure. However, whether this takes place in single message or multiple ones is still not concluded. Currently, following options are on table:
· Option 1: Sending multiple cell configurations for LTM in one message could simplify signaling and avoid multiple procedures conveying very similar information for LTM configuration. Hence, reducing signaling over F1. However, the existing UE Context Modification/Setup message structure was not designed for conveying multiple cell information neither on the request nor response messages. Therefore, multiple changes would be needed to be able to reuse the existing messages. Further, especially for scenarios in which only partial requested cells to be configured are accepted by the gNB-DU, it incurs significant complexity as to how to structure this information in the response message back to the gNB-CU.
· Option 2: Sending multiple cell configurations for LTM in multiple messages could simplify the specification efforts. In our view, the signaling overhead over F1 is likely not overly critical. Also, we expect that the LTM configurations would not change too frequently over short periods of time. Hence, there is a benefit in terms of IE structure and F1AP spec reuse from utilizing multiple messages, each conveying configuration of each target candidate cell. Thus, all in all it is proposed to agree on the multiple parallel message approach (as in CHO).
· Option 3: Given that at prior meetings there was no consensus on one solution over the other, another alternative is a compromise between option 1 and option2. In this approach, the design for Stage 3 messaging can be done in a way that a gNB-CU is able to send single cell additions sequentially. That is, be able to signal a list of candidate cells with only one element, and subsequently on a cell-by-cell basis add new single configurations to the existing list via additional UE Context Modification Request procedures. This would allow that with the same structure, behavior of both Options 1 and 2 can be supported. 
Proposal 1: RAN3 agrees on option 3 for LTM candidate cell configuration i.e. LTM candidate cells can be signaled to gNB-CU either using single UE Context Modification/Setup procedure or multiple UE Context Modification/Setup procedures.
Proposal 2: RAN3 designs the stage-3 messaging structure such that gNB-CU configures candidate target cells for LTM at the gNB-DU via a LTM Candidate Cell List. The LTM Candidate Cell List consists of only a single candidate cell in case of option 1.
· Message on CU requesting “RACH” resources
In the last RAN3 meeting, there was a discussion on the procedure used for requesting RACH resources for early TA acquisition. Similarly, RAN2 has also made the following agreement in the last meeting. 
	RAN2 #121bis agreement:
RRC RACH configuration for early TA acquisition (e.g., including whether RAR needs to be received) is specific per target cell and is signalled separately (separate IEs) from the candidate cell configuration (the part that need to be applied at cell switch).



Based on RAN2 agreement, in case of inter-gNB-DU mobility, the UE Context Setup procedure should be used to fetch RACH configuration (e.g., RACH resources and also whether RAR needs to be received or not) on a per target candidate cell based from the target gNB-DU when configuring LTM. Similarly, in case of intra-gNB-DU mobility, the UE Context Modification procedure should be used to fetch the RACH configuration. 
Proposal 3: Both UE Context Modification and UE Context Setup procedures are used to fetch RACH configuration from (Candidate) gNB-DU. 
Proposal 4: Add new RACH Configuration IE indicating whether RAR needs to be received or not (e.g., RACH-ConfigDedicated).
For further details on early TA acquisition, please refer to our companion paper on “procedure on early TA acquisition” [R3-232673].
LTM Execution Phase
· Notification of LTM triggering to gNB-CUs
There is agreement in RAN3 that the gNB-DU inform the gNB-CU when LTM is triggered. However, which message to be used for this indication is still FFS. Currently, there are 2 options under discussion:
Option 1: New F1 message, class 1 or class 2, such as “LTM CELL CHANGE NOTIFICATION”. 
Option 2: Legacy message, i.e., “UE CONTEXT MODIFICATION REQUIRED” message. 
In our view, defining a new message (i.e., option 1) is preferable. Likewise, reuse of gNB-DU initiated UE Context Modification message is not appropriate. When a gNB-DU is to inform that LTM has been triggered, it is does not modify either the actual UE Context or 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 specified. 
Proposal 5: The gNB-DU informs gNB-CU about triggering of LTM via a new F1 class 2 message, i.e., “LTM CELL CHANGE NOTIFICATION”. 
LTM Completion Phase
· Initial DDDS message
In the last RAN3 meeting, it was discussed on whether to support “initial DDDS” message from DU to CU-UP over F1-U or not. As this message was also supported in case of legacy HO and has a different purpose from ACCESS SUCCESS message, it makes sense to use it for LTM case as well. 
Proposal 6: For both intra-gNB-DU and inter-gNB-DU LTM, the target gNB-DU sends initial DDDS using the new UL TEID to CU-UP after target gNB-DU detects the UE access.

2		E1 Aspects
In the last RAN3 meeting, it was agreed that for LTM, the E1 baseline procedure utilizes E1 Bearer Setup and E1 Bearer Modification procedures. Furthermore, it is also agreed that in case of gNB-CU-UP change, the gNB-CU triggers the source gNB-CU-UP to start data forwarding after receiving LTM cells switch signalling from gNB-DU. 
Additionally, it was proposed by some companies to reduce the impact on gNB-CU-UP. One proposed option to do that is to perform the Bearer Context Modification procedure is only carried out after the LTM Cell Change Notification is received by the gNB-CU (i.e. in steps 9 and 10). However, in our view, this changes the paradigm of cell configuration and setup procedure and should not be allowed. 
Proposal 7: Bearer Context Modification over E1 should take place during LTM configuration to indicate corresponding Tunnel Endpoints to gNB-CU-UP, and is not to be postponed until LTM Cell Change Notification is received by gNB-CU-CP. 
Another option proposed at last meeting to optimize E1 impacts was to use the same UL TNL address for all the configured candidate cells. This is possible. However, we don’t see any specification impact required for this behavior and gNB-CU-UP can allocate same UL TNL address by implementation. 
Proposal 8: Allocating same or different UL TNL address per DRB per candidate cell is left up to implementation and incurs no specification changes. 
Based on the agreements so far, we propose to create a baseline CR for E1AP 37.483. 
Proposal 9: Agree on the baseline CR for TS 38.401 covering E1 aspects and derive a Baseline CR for TS 37.483 E1AP based on the agreements. 

3	Data Forwarding/Transmission
The data forwarding procedure based on the RAN3 agreements so far is shown in the figures below and we propose to add the below figures in BL CR for TS 38.401. 


Figure 1: Intra-gNB-DU L1/L2 based inter-cell Mobility involving gNB-CU-UP




Figure 2: Inter-gNB-DU L1/L2 based inter-cell Mobility involving gNB-CU-UP change

Proposal 10: Include the above as baseline for LTM involving E1 in BL CR for TS 38.401. 

The above procedure is based on so-called “on-time” data forwarding. That is, data forwarding is triggered when LTM CELL CHANGE NOTIFICATION message is sent from gNB-DU to gNB-CU. This can be the baseline procedure without early TA acquisition. 
However, with early TA acquisition, the initial access procedure after cell change trigger can be avoided. Further, the motivation behind early TA acquisition is to reduce the handover interruption time. Nonetheless, if data forwarding is also not performed early, it may again result in larger interruption time than needed. 
Similarly, classic “early data forwarding”, in which data is forwarded when LTM is configured in the target cells, has a disadvantage in terms of waste of resources which could be large in case of multiple candidate cells having been configured and data transmitted and buffered too much ahead of time. However, an alternative is to allow the network to trigger data forwarding before receiving the LTM CELL CHANGE NOTIFICATION message, but not unnecessarily too early. One way to do this is for gNB-CU-CP to trigger data forwarding when it receives TA/RAR from the target gNB-DU in case of early TA acquisition. This has an advantage of lower interruption time because of early data forwarding. 
Proposal 11: Data forwarding can be triggered before LTM CELL CHANGE NOTIFICATION message and is left up to the implementation. 
4	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 12: 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 13: 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 14: 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.

5	Conclusions

Proposal 1: RAN3 agrees on option 3 for LTM candidate cell configuration i.e. LTM candidate cells can be signalled to gNB-CU either using single UE Context Modification/Setup procedure or multiple UE Context Modification/Setup procedures.
Proposal 2: RAN3 designs the stage-3 messaging structure such that gNB-CU configures candidate target cells for LTM at the gNB-DU via a LTM Candidate Cell List. The LTM Candidate Cell List consists of only a single candidate cell in case of option 1.
Proposal 3: Both UE Context Modification and UE Context Setup procedures are used to fetch RACH configuration from (Candidate) gNB-DU. 
Proposal 4: Add new RACH Configuration IE indicating whether RAR needs to be received or not (e.g., RACH-ConfigDedicated).
Proposal 5: The gNB-DU informs gNB-CU about triggering of LTM via a new F1 class 2 message, i.e., “LTM CELL CHANGE NOTIFICATION”. 
Proposal 6: For both intra-gNB-DU and inter-gNB-DU LTM, the target gNB-DU sends initial DDDS using the new UL TEID to CU-UP after target gNB-DU detects the UE access.
Proposal 7: Bearer Context Modification over E1 should take place during LTM configuration to indicate corresponding Tunnel Endpoints to gNB-CU-UP, and is not to be postponed until LTM Cell Change Notification is received by gNB-CU-CP. 
Proposal 8: Allocating same or different UL TNL address per DRB per candidate cell is left up to implementation and incurs no specification changes. 
Proposal 9: Agree on the baseline CR for TS 38.401 covering E1 aspects and derive a Baseline CR for TS 37.483 E1AP  based on the agreements. 
Proposal 10: Include the above as baseline for LTM involving E1 in BL CR for TS 38.401. 
Proposal 11: Data forwarding can be triggered before LTM CELL CHANGE NOTIFICATION message and is left up to the implementation. 
Observation 1: Blindly prioritizing LTM over L3-mobility leads to handover to wrong cells or ping pongs.
Proposal 12: 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 13: When initiating the L3 handover, the gNB-CU sends to the gNB-DU the list of candidate target cells.
Proposal 14: 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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Annex: TP for TS 38.401


--------------------------------------------------------- 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 cell(s). 
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 CONTEXT MODIFICATION REQUEST 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 MODIFICATION RESPONSE 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 an 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.  The gNB-CU may send the UE CONTEXT MODIFICATION message to the gNB-DU to release the resources of prepared cells.
15.  The gNB-DU responds with a UE CONTEXT MODIFICATION RESPONSE message.

---------------------------------------------------------Next 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: inter gNB-DU L1/L2 Triggered Mobility
1. The UE sends a MeasurementReport message (L3 measurement result FFS) to the source gNB-DU containing  measurementscontaining 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 cell(s). 
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 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 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 CHANGE 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. The target gNB-DU sends the ACCESS SUCCESS message to the gNB-CU with the target cell ID.
15. The gNB-CU may send the UE CONTEXT RELEASE COMMAND message to the source gNB-DU to release the resources of prepared cells.
16.	The source gNB-DU responds with a UE CONTEXT RELEASE COMPLETE message.


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



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

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



Figure 1: 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 2: Inter-gNB-DU L1/L2 based inter-cell Mobility involving gNB-CU-UP change


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