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1. Introduction
Inter-cell LTM (L1/L3 triggered mobility) was discussed at RAN3#117bis-e meeting and some agreements have been made as shown below.
	[bookmark: OLE_LINK3]RAN3#117bis-e:
During L1/L2 handover configuration, the gNB-CU sends the suggested candidate cell(s) to the gNB-DU in UE Context Modification Request procedure, FFS in one message or multiple messages. 
The gNB-DU may accept the target cells of L1/L2 handover and responds to the gNB-CU with the access control result in UE Context Modification Response message(s). gNB-DU may accept all or part of the target candidate cells.
gNB-DU initiated L1/L2 handover configuration is not allowed.
The UE sends the lower-layer measurement report to the gNB-DU and the gNB-DU triggers UE mobility to a target candidate cell.
WA: The gNB-DU indicates the gNB-CU about the UE successful access to the target cell by Access Success message. 
The following previous agreements for intra-DU case are confirmed to be also applicable for inter-DU case:
1.Both intra- DU and intra-CU inter-DU scenarios are supported for L1/L2 mobility.
2.RAN3 will study the signaling impacts on below use cases following to RAN2 prioritization:
-	Stand alone
-	Carrier Aggregation (Change of PCell)
-	NR-DC (Change of PCell at MN, Change of PScell at SN) 
3.RAN3 will aim for a single solution for network signaling design on L1/L2 based inter-cell mobility to support all agreed scenarios. The details of solution are FFS.
5.RAN3 focuses on the network-controlled procedure for L1/L2 based inter-cell mobility.
7.The configuration of candidate target cell(s) for L1/L2 mobility is initiated by the gNB-CU. Details are FFS.
For inter-DU inter-cell mobility, the UE Context Setup procedure is reused for handover configuration. 
FFS on whether the gNB-DU can suggest candidate cells after the gNB-CU initiates the L1/L2 inter-cell mobility configuration. Three Options are left for further discussion: Opt 1. DU cannot suggest any candidate cells. Opt 2. DU suggest candidate cells within the list provided by CU. Opt 3. DU suggest candidate cells outside the list provided by CU.
FFS on the need and when the gNB-DU indicates the gNB-CU about the initiation of L1/L2 handover command.
FFS For intra-DU L1/L2 mobility, the gNB-CU may use the UE Context Modification procedure to modify or release the prepared cells resources in the gNB-DU (incl. the source cell). Details are pending to RAN2. 
The following open issues on user plane handling in intra-DU L1/L2 mobility as well as inter-DU case are raised for further study:
a)	F1-U UL/DL TEID handling as in intra-DU legacy HO.
b)	DDDS on F1-U
c)	E1 impact, such as setup, update or remove resources at gNB-CU-UP
d)	Data forwarding



In this contribution, we are going to further discuss the remaining open issues for intra-DU and inter-DU LTM with taking into account the above agreements. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2. Discussion
Issue 1: gNB-DU awareness of RS configuration and TCI state configuration 
RAN1 sent a LS to both RAN2 and RAN3 asking if the serving gNB-DU knows the measurement RS configuration and TCI state configuration of cells served by another gNB-DU as shown below. We think it is feasible for serving gNB-DU to know it from RAN3 perspective but RAN3 has no idea on the detailed mechanism used between serving-gNB-DU and the UE, it’s better to firstly wait for the progress from RAN2 before discussing this issue in RAN3.
	
1. L1 measurement and TCI state configurations

RAN1 has started the discussion on the configuration for L1 measurement and TCI states for candidate cells. Regarding the following RAN2 agreements captured in RAN2 LS (R1-2208331/R2-2209257), it is not clear for RAN1 which kind of information/configuration for candidate cell(s) are available at a serving cell for inter-DU case for Rel-18 L1/L2 mobility. Thus, companies have different understanding on the implication of the sentence “as much commonality as reasonable” in the LS.
· The design for intra-DU and inter-DU L1/L2-based mobility should share as much commonality as reasonable. FFS which aspects need to be different.

Question 3 (to RAN2 and RAN3): RAN1 respectfully asks RAN2 and RAN3 if the serving DU knows the measurement RS configuration and TCI state configuration of cells served by another DU.


RAN3 to wait for the progress from RAN2 on the measurement RS configuration and TCI state configuration issue for the inter-DU case.
2.1 HO preparation
Issue 2: candidate cell suggestion for LTM configuration preparation
At RAN3#117bis, the following agreement were made with a FFS attached, i.e. “During L1/L2 handover configuration, the gNB-CU sends the suggested candidate cell(s) to the gNB-DU in UE Context Modification Request procedure, FFS in one message or multiple messages.” 
We think suggested cell list based solution (i.e. one message) provided to gNB-DU is beneficial for F1 signalling reduction of LTM configuration. One the other hand, this solution can cover the single cell based solution (i.e. multiple messages based solution) if the suggested cell in the list is only one. We propose to agree to the suggested candidate cell list solution as baseline.
For intra-DU and inter-DU LTM, suggested cell list based solution is used as baseline for LTM configuration. 
Issue 3: DL/UL TEID handling 
In legacy intra-gNB-DU mobility, we have the following specification texts on GTP TEID establishment in TS 38.401.
	8.2.1.2	Intra-gNB-DU handover
This procedure is used for the case that the UE moves from one cell to another cell within the same gNB-DU or for the case that intra-cell handover is performed during NR operation, and supported by the UE Context Modification (gNB-CU initiated) procedure as specified in TS 38.473 [4]. When the intra-gNB-DU handover is performed (either inter-cell or intra-cell), the gNB-CU provides new UL GTP TEID to the gNB-DU and the gNB-DU provides new DL GTP TEID to the gNB-CU. The gNB-DU shall continue sending UL PDCP PDUs to the gNB-CU using the previous UL GTP TEID until it re-establishes the RLC, and after then start sending using the new UL GTP TEID. The gNB-CU shall continue sending DL PDCP PDUs to the gNB-DU using the previous DL GTP TEID until it performs PDCP re-establishment or PDCP data recovery, and after then start sending using the new DL GTP TEID.


When the L1/L2 mobility configuration is initiated for intra-DU LTM, gNB-CU shall assign a new UL GTP TEI ID for each radio bearer of every candidate cell and provide it to the gNB-DU by UE CONTEXT MODIFICATION REQUEST message and the gNB-DU assigns the new DL GTP TEID and provides it back to the gNB-CU in UE CONTEXT MODIFICATION RESPONSE message for establishing the new GTP-U tunnel for data transmission as legacy intra-DU HO. We think the above principle can be reused for inter-DU LTM as well but the difference is to use the UE CONTEXT SETUP REQUSET and UE CONTEXT SETUP RESPONSE messages instead. 
For intra-DU LTM, the gNB-CU assigns a new UL GTP TEID for each radio bearer of every candidate cell and provides it to the gNB-DU via UE Context Modification Request message. The gNB-DU assigns the new DL GTP TEIDs and provides them back to the gNB-CU in UE Context Modification Response message.
For inter-DU LTM, the gNB-CU assigns a new UL GTP TEID for each radio bearer of every candidate cell and provides it to the target gNB-DU via UE Context Setup Request message. The target gNB-DU assigns the new DL GTP TEIDs and provides them back to the gNB-CU in UE Context Setup Response message
Issue 4: gNB-DU suggested candidate cells 
At RAN3#117bis-e meeting, there is one FFS on whether the gNB-DU can suggest candidate cells after the gNB-CU initiates LTM configuration as shown below.
FFS on whether the gNB-DU can suggest candidate cells after the gNB-CU initiates the L1/L2 inter-cell mobility configuration. Three Options are left for further discussion: Opt 1. DU cannot suggest any candidate cells. Opt 2. DU suggest candidate cells within the list provided by CU. Opt 3. DU suggest candidate cells outside the list provided by CU.
Option 2 seems strange and may cause complicated implementation since the (target) gNB-DU has to store the suggest candidate cells received in previous UE context Modification Request message. Option 3 seems to be against to the agreement “gNB-DU initiated L1/L2 handover configuration is not allowed.” And we think that the gNB-CU has the full knowledge including the neighbor relationships to determine the candidate cells for L1/L2 mobility. And the gNB-DU does not have more information than the gNB-CU does. Relying on lower layer measurements without L3 filtering to determine candidate cells for LTM may cause ping-pong issue by the fast fading.
The (target) gNB-DU cannot suggest any candidate cells during LMT configuration. 
Issue 5: early data forwarding
[bookmark: OLE_LINK19]Normally gNB-CU forwards the DL data to the (target) gNB-DU via the new DL GTP TEID of the target cell after it is indicated from the (target) gNB-DU upon the UE successfully accesses to the target cell. If we allow early data forwarding, i.e. gNB-CU may forward the DL data to the candidate cells after LTM configuration, it would be beneficial for some service on interruption reduction caused by LTM cell switch.
Early data forwarding to candidate cells is supported for LTM, i.e. the gNB-CU starts to forward the DL data to the candidate cells after LTM configuration. 
2.2 HO execution
Issue 6: DDDS
At RAN2#119 meeting, they agreed that
 “R2 assumes that at L1L2 cell switch: Whether the UE performs partial or full MAC reset (FFS what partial reset is, e.g. to avoid data loss), re-establish RLC, perform data recovery with PDCP is explicitly controlled by the network. R2 assumes that this can be configured by RRC. FFS if MAC CE indication(s) is/are needed”. 
If the UE is configured to re-establish RLC, it would be useful on fast retransmission if (source) gNB-DU sends a DDDS frame about unsuccessful transmitted downlink data to gNB-CU once LTM cell switch happens. If  the UE is configured not to re-establish the RLC, thanking to the ARQ function, the gNB-DU can retransmit the DL RLC data by itself and the need of a DDDS to gNB-CU for fast retransmission seems not clear.
Proposal 1: The (Source) gNB-DU sends a DDDS frame about unsuccessfully transmitted downlink data to the gNB-CU after LTM cell switch if RLC reestablishment is configured. 
Issue 7: co-existence between LTM and L3 mobility  
There were proposals to study the collision or co-existence issue between LTM and L3 mobility. The most critical issue that we foreseen is the RRC delta configuration in L3 mobility. 
In L3 mobility, the delta configuration is built based on a reference configuration, e.g. the current PCell configuration. If the PCell is switched by LTM, the corresponding reference configuration will be changed for L3 mobility as well. 
Observation 1: If the PCell is switched by LTM, the corresponding reference configuration will be changed for L3 mobility as well. 
For LTM, RAN3 needs to consider to avoid that the network and the UE have different understanding on the reference configuration for delta configuration of L3 mobility due to PCell switch triggered by LTM.
[bookmark: OLE_LINK20]If LTM cell switch happens earlier than L3 mobility, the (source) gNB-DU may either send a notification of LTM cell switch to the gNB-CU to suppress the delta configuration of L3 mobility initiated by gNB-CU, or reject the L3 mobility by responding with UE Context Modification Failure message if there is a L3 HO request inside UE Context Modification Request message from gNB-CU.
If L3 mobility happens earlier than LTM, either gNB-CU initiates release of LTM together with L3 mobility or the (source) gNB-DU can supress the LTM cell switch if L3 mobility has been triggered.
If LTM cell switch happens earlier than L3 mobility, the (source) gNB-DU may either send a notification of LTM cell switch to gNB-CU to suppress the delta configuration of L3 mobility, or reject the L3 mobility by responding with UE Context Modification Failure message.
Proposal 2: If L3 mobility happens earlier than LTM, either the gNB-CU may release the LTM configuration together with the L3 mobility command or the (source) gNB-DU can supress the LTM cell switch.
2.3 HO complete
Issue 8: Releasing of candidate cells 
At RAN3#117bis meeting, there is a FFS, i.e. “FFS For intra-DU L1/L2 mobility, the gNB-CU may use the UE Context Modification procedure to modify or release the prepared cells resources in the gNB-DU (incl. the source cell). Details are pending to RAN2”. 
RAN2 agreed the following.
RAN2 assumes that sequential L1L2 cell change between Candidates without RRC reconfiguration can be supported. 
RAN2 assumes that candidate cell configuration can only be modified / released by Network (FFS later whether some optimization should be applied e.g. for release). 
To enable the modification and release, we think that the gNB-CU may use the UE Context Modification procedure to modify or release some prepared cell resource in the (target) gNB-DU (incl. the source cell) and can use the UE Context Release procedure to release the target gNB-DU. 
On the other hand (target) gNB-DU may use the UE Context Modification Required procedure to modify or release some prepared cell resource and the UE Context Release Request procedure to trigger the release of the target gNB-DU.
The gNB-CU uses the UE Context Modification procedure to modify or release some prepared cell resource in the (target) gNB-DU (incl. the source cell) and use the UE Context Release procedure to release the target gNB-DU.
The (target) gNB-DU uses the UE Context Modification Required procedure to modify or release some prepared cell resource in the (target) gNB-DU (incl. the source cell) and can use the UE Context Release Request procedure to trigger the release of the target gNB-DU.
2.4 Other
Issue 9: E1 impact
As mentioned before, the new DL and UL GTP TEIDs for candidate cell are assigned and the F1-U tunnels needs to be switched when LTM cell switch happens from the source cell to the target cell. If the CU-UP is not relocated during LTM and if early data forwarding is not applied, the DL path switch is handled by the gNB-CU-UP, the gNB-CU-UP should be triggered for path switch upon LTM cell switch via Bearer Context Modification procedure. If early data forwarding is applied, the gNB-CU-UP should be informed to stop the data transmission to source cell and other candidate cells.
Proposal 3: To reuse the Bearer Context modification procedure for update or removal of the resources at the gNB-CU-UP.
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]3. Conclusion
Based on the discussion in this paper, we propose the following:
1. RAN3 to wait for the progress from RAN2 on the measurement RS configuration and TCI state configuration issue for the inter-DU case.
1. For intra-DU and inter-DU LTM, suggested cell list based solution is used as baseline for LTM configuration. 
1. For intra-DU LTM, the gNB-CU assigns a new UL GTP TEID for each radio bearer of every candidate cell and provides it to the gNB-DU via UE Context Modification Request message. The gNB-DU assigns the new DL GTP TEIDs and provides them back to the gNB-CU in UE Context Modification Response message.
1. For inter-DU LTM, the gNB-CU assigns a new UL GTP TEID for each radio bearer of every candidate cell and provides it to the target gNB-DU via UE Context Setup Request message. The target gNB-DU assigns the new DL GTP TEIDs and provides them back to the gNB-CU in UE Context Setup Response message
1. The (target) gNB-DU cannot suggest any candidate cells during LMT configuration. 
1. Early data forwarding to candidate cells is supported for LTM, i.e. the gNB-CU starts to forward the DL data to the candidate cells after LTM configuration. 
1. The (Source) gNB-DU sends a DDDS frame about unsuccessfully transmitted downlink data to the gNB-CU after LTM cell switch if RLC reestablishment is configured. 
1. If LTM cell switch happens earlier than L3 mobility, the (source) gNB-DU may either send a notification of LTM cell switch to gNB-CU to suppress the delta configuration of L3 mobility, or reject the L3 mobility by responding with UE Context Modification Failure message.
1. [bookmark: _GoBack]If L3 mobility happens earlier than LTM, either the gNB-CU may release the LTM configuration together with the L3 mobility command or the (source) gNB-DU can supress the LTM cell switch.
1. The gNB-CU uses the UE Context Modification procedure to modify or release some prepared cell resource in the (target) gNB-DU (incl. the source cell) and use the UE Context Release procedure to release the target gNB-DU.
1. The (target) gNB-DU uses the UE Context Modification Required procedure to modify or release some prepared cell resource in the (target) gNB-DU (incl. the source cell) and can use the UE Context Release Request procedure to trigger the release of the target gNB-DU.
1. To reuse the Bearer Context modification procedure for update or removal of the resources at the gNB-CU-UP.
[bookmark: _Toc423020280]The tentative stage 2 TP to TS 38.401 BLCR based on the above proposals in the annex.
4. Annex- TP for TS 38.401 BLCR

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  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. FFS: whether parallel UE Context Modification procedure should be used rather than a candidate list in a single message.
4. If the request for configuring L1/L2 Triggered Mobility is accepted, the gNB-DU responds with a UE CONTEXT MODIFICATION RESPONSE message including the generated lower layer RRC configurations of the accepted target candidate cell(s).
5. The gNB-CU sends a DL RRC MESSAGE TRANSFER message to the gNB-DU, which includes a generated RRCReconfiguration message with the L1/L2 Triggered Mobility configuration, which may contain a configuration per target candidate (e.g. including the lower layer RRC configurations of the candidate cells for L1/L2 Triggered Mobility. Details are FFS). 
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. 
9. The UE sends the L1 measurement result to the gNB-DU. The gNB-DU decides to execute L1/L2 Triggered Mobility.
10. The gNB-DU sends the L1/L2 Triggered Mobility Cell switch command to the UE.
11. FFS: How the gNB-DU detects the UE access to the target cell is up to RAN2.
12. The gNB-DU indicates the gNB-CU about the UE successful access to the target cell by Access Success message. Th target cell ID is included.
13. FFS: The gNB-CU may send the UE Context Modification message to the gNB-DU to release the resources of prepared cells.
14. FFS: The gNB-DU responds with a UE CONTEXT MODIFICATION RESPONSE message.
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 intra-gNB-CU inter-gNB-DU L1/L2 Triggered Mobility procedure for intra-NR.



Figure 8.2.1.Y-1: inter DU L1/L2 Triggered Mobility
1. The UE sends a MeasurementReport message (L3 measurement result) to the source gNB-DU. The source gNB-DU sends an UL RRC MESSAGE TRANSFER message to the gNB-CU to convey the received MeasurementReport message. 
2. The gNB-CU determines whether to configure L1/L2 triggered mobility based on the MeasurementReport message. 
3. The gNB-CU sends a UE CONTEXT SETUP REQUEST message to the candidate gNB-DU to create the UE context and prepare radio resources.
4. If the preparation request is accepted, the candidate gNB-DU responds to the gNB-CU with a UE CONTEXT SETUP RESPONSE message including the generated lower layer RRC configuration for the 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.
6. The source gNB-DU forwards the received RRCReconfiguration message to the UE.
7. The UE stores the configuration of a L1/L2 mobility candidate target cell and 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. 
9. The UE sends lower layer measurement result to the source gNB-DU. 
10. The source gNB-DU decides to trigger a L1/L2 triggered mobility serving cell change to a candidate target cell.

11. The source gNB-DU sends L1/L2 Triggered Mobility Cell Switch command to the UE. 
Editor’s note: the order of step 10 and 11 is not defined.
NOTE:	the source gNB-DU can send a DDDS frame about the unsuccessfully transmitted downlink data to the gNB-CU after L1/L2 Triggered Mobility Cell Switch if RLC re-establish is configured.
12. The Target gNB-DU indicates the gNB-CU about the UE successful access to the target cell by Access Success message. Th target cell ID is included.
13. The gNB-CU may send the UE CONTEXT RELEASE COMMAND message to the source gNB-DU to release the source gNB-DU.
14. The gNB-DU responds with a UE CONTEXT RELEASE COMPLETE message.
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