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1. Introduction
L1/L2 based inter-Cell mobility was discussed at RAN3#117-e meeting and some agreements have been made as shown below.
	[bookmark: OLE_LINK3]Both intra- DU and intra-CU inter-DU scenarios are supported for L1/L2 mobility.
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) 
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.
WA: For intra-DU L1/L2 mobility, the existing F1AP procedure (e.g., F1AP UE CONTEXT MODIFICATION) is reused for handover configuration for inter-cell mobility.
RAN3 focuses on the network-controlled procedure for L1/L2 based inter-cell mobility.
The gNB-CU initiates the L1/L2 mobility configuration procedure. FFS on whether gNB-DU can also initiate the L1/L2 mobility configuration procedure.
The configuration of candidate target cell(s) for L1/L2 mobility is initiated by the gNB-CU. Details are FFS.
WA: RAN3 assumes that the UE sends the L1 measurement report to the gNB-DU and the gNB-DU triggers UE mobility to a target candidate cell. All details are up to RAN1 and RAN2 discussion.
FFS on how the gNB/gNB-DU detects the UE access and whether there is an F1 impact.
For intra-DU L1/L2 handover, whether and how to release the source cell/prepared cells’ resources in the gNB DU is FFS.


In this contribution, we are going to further discuss the L1/L2 based mobility procedures in case of intra-DU HO and inter-DU handover with considering the above agreement. 
In [1], a draft message flow is provided to be the discussion basis of this document hereafter.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2 Discussion. 
2.1 Further discussion on intra-DU L1/L2 handover procedure
HO preparation 
Issue 1: F1 message for intra-DU handover preparation
At RAN3#117-e meeting, we have a good discussion on this part and have the following work assumption and agreement for HO preparation.
	The gNB-CU initiates the L1/L2 mobility configuration procedure. FFS on whether gNB-DU can also initiate the L1/L2 mobility configuration procedure.
WA: For intra-DU L1/L2 mobility, the existing F1AP procedure (e.g., F1AP UE CONTEXT MODIFICATION) is reused for handover configuration for inter-cell mobility.


According to the agreement, the gNB-CU can initiate the L1/L2 mobility configuration procedure based on e.g. L3 measurement result of neighbor cell received from UE. Under such case we do not see a need to have a new F1 message (other than F1AP UE CONTEXT MODIFICATION message) for L1/L2 based intra-DU inter cell mobility initiation and thus suggest RAN3 to turn the WA into agreement for the progress.
For intra-DU L1/L2 handover, turn the WA into agreement, i.e. for intra-DU L1/L2 mobility, the existing F1AP procedure (e.g., F1AP UE CONTEXT MODIFICATION) is reused for handover configuration for inter-cell mobility. 
Issue 2: details of intra-DU candidate cells configuration
At last meeting, RAN3 agreed the configuration of candidate target cell(s) for L1/L2 mobility is initiated by the gNB-CU. Normally gNB-CU has ANR functionality with the more knowledge on the neighbor cells than gNB-DU and we thus think it is better to let gNB-CU to select a candidate cell ID for inter-cell L1/L2 based mobility based on the ANR functionality. Then gNB-CU provides the selected candidate cell ID to gNB-DU and gNB-DU decides if the selected candidate cell is accepted or not, i.e. the gNB-DU have the final decision on which cell is used as candidate cell for L1/L2 based mobility. If accepted, the configurations of accepted candidate cells are provided to gNB-CU in the response message. After gNB-CU receives the configurations of candidate cells, gNB-CU will send the integrated RRC reconfiguration to UE.
For intra-DU L1/L2 handover, the gNB-CU provides a suggested candidate cell list to the gNB-DU and the gNB-DU decides if the suggested candidate cells are accepted or not. If accepted, the configurations of accepted candidate cells are provided to the gNB-CU.
Issue 3: intra-DU GTP TEID establishment
In legacy intra-gNB-DU handover, we have the following on GTP TEID establishment.
	[bookmark: _Toc13919130][bookmark: _Toc29391495][bookmark: _Toc36560526][bookmark: _Toc45104763][bookmark: _Toc45883246][bookmark: _Toc51763527][bookmark: _Toc52266341][bookmark: _Toc64445119][bookmark: _Toc73980478][bookmark: _Toc88651174][bookmark: _Toc98351714][bookmark: _Toc98748012][bookmark: _Toc105704399][bookmark: _Toc106108517][bookmark: _Toc107829489]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, gNB also shall provide a new UL GTP TEI ID to the gNB-DU and the gNB-DU provides new DL GTP TEID back to the gNB-CU for establishing the new tunnel as legacy intra-DU HO. 
When the L1/L2 mobility configuration is initiated, the gNB-CU provides a new UL GTP TEI ID to the gNB-DU and the gNB-DU provides a new DL GTP TEID to the gNB-CU. 
At last meeting, we have a FFS on whether gNB-DU can also initiate the L1/L2 mobility configuration procedure. Currently it seems L1 measurement configuration is only supported for serving cells (even for ICBM the additional serving PCI is added to the serving cell). Support of L1 measurement report for neighbor cell would be difficult especially for inter-DU case. Besides, even we have L1 measurement results sent to gNB-CU, we think that the gNB-CU also needs to take into account L3 measurement results for a good selection of candidate cells. In summary the benefit of the gNB-DU initiated preparation seems not that clear.
Proposal 1:  The gNB-DU initiated L1/L2 mobility configuration needs further justification.
HO execution
Issue 4: HO execution 
At last meeting, there is a WA on HO execution, e.g. “WA: RAN3 assumes that the UE sends the L1 measurement report to the gNB-DU and the gNB-DU triggers UE mobility to a target candidate cell. All details are up to RAN1 and RAN2 discussion”. 
And RAN2 agreed that “Assume that we rely on L1 measurements to trigger L1L2 mobility (still measurement for preparation could be L3, FFS)”. Based on the RAN2 agreement, we think the WA can be turned into agreement for sake of progress in RAN3.
For intra-DU L1/L2 handover, turn the WA into agreement, e.g. the UE sends the L1 measurement report to the gNB-DU and the gNB-DU triggers UE mobility to a target candidate cell. 
HO complete
Issue 5: intra-DU fast retransmission
When gNB-DU decides to perform HO execution, the issue on whether it can immediately indicate to gNB-CU the Downlink Data Delivery Status (DDDS) for fast retransmitting the unsuccessfully transmitted DL packets should be discussed. In intra-DU case, it depends on whether the RLC is re-established or not during handover. If RLC is re-established during L1/L2 handover it means that all buffered RLC data are discarded, the retransmission has to rely on the PDCP layer at the gNB-CU by data recovery procedure. In such case the DDDS from the gNB-DU to gNB-CU is needed. If RLC is not re-established during intra-DU L1/L2 handover, the DDDS may be skipped.  Fortunately, RAN2 sent a LS to RAN3 where the following agreement is included.
R2 assumes that L2 is continued whenever possible (e.g. intra-DU), without Reset, with the target to avoid data loss, and the additional delay of data recovery.
Based on above RAN2 agreement, we think that the DDDS is not needed for intra-DU L1/L2 handover.
DDDS from gNB-DU to gNB-CU is not needed in case of intra-DU L1/L2 handover. 
Issue 6: notification of UE access to target cell
At last meeting, there is a FFS on how gNB/gNB-DU detects the UE access and whether there is an F1 impact.
When the UE is indicated to switch to the target cell by HO command, it would be necessary to let the network know the UE access. However how the UE informs network on access success to target is totally a RAN2 issue and RAN3 should wait for RAN2 progress.
For intra-DU L1/L2 handover, how the gNB DU detects the UE access is up to RAN2 discussion. 
Once the gNB-DU detects the UE access to the target cell, the gNB-DU should inform the gNB-CU. We think that the existing ACCESS SUCCESS can be reused. 
For intra-DU L1/L2 handover, the gNB DU sends the ACCESS SUCCESS message to the gNB CU after it detects the UE access to the target cell. 
Issue 7: prepared resource release
Even though RAN2 does not have any agreement on whether to support subsequent HO, we think that the gNB-CU should also be able to release the resources of the prepared candidate cells sometime if it determines that the prepared cells are not suitable for future L1/L2 handover anymore. For intra-DU case, we think that the existing UE CONTEXT MODIFICATION procedure (CU-initiated) can be reused.
WA: For intra-DU L1/L2 handover, the gNB CU may initiate UE CONTEXT MODIFICATION procedure for releasing the prepared resources in the gNB DU. 
2.2. Inter-DU L1/L2 handover procedure
HO preparation 
Issue 1: F1 message for inter-DU handover preparation
Normally, the gNB-CU has full knowledge of the neighbor cells and can initially select which neighbor cells can be the potential candidate cells for normal L3 handover, e.g. based on the existing L3 measurement result from UE and then ask candidate gNB-DU(s) to confirm if the selected candidate cells are accepted via UE CONTEXT SETUP REQUEST message. Then the candidate gNB-DUs may provide the configuration (i.e. RRC information) of candidate cell and F1-U tunnels to the gNB-CU via UE CONTEXT SETUP RESPONSE if accepted. The same principle can be applicable for L1/L2 based mobility and thus we propose.
Proposal 2: For intra-CU inter-DU L1/L2 handover, reuse the agreement for intra-DU case, i.e. the gNB CU initiates the handover configuration procedure to the target DU. 
Proposal 3: For intra-CU inter-DU L1/L2 handover, the existing UE CONTEXT SETUP procedure (gNB-CU initiated) can be reused as baseline for handover configuration. 
Issue 2: details of candidate cells configuration
Similar to intra-DU case, the gNB-CU sends the suggested candidate cell to the target gNB-DU and the target gNB-DU decides if the candidate cell is accepted or not. If accepted, the target gNB-DU sends the configuration of candidate cell to the gNB-CU. The gNB-CU generates the RRCReconfiguration message with received candidate cell configurations and send it to the UE.
Proposal 4: For intra-CU inter-DU L1/L2 handover, the gNB-CU provides a suggested candidate cell list to the target gNB-DU and the target gNB-DU decides if the candidate cells are accepted or not. If accepted, the target gNB-DU sends the configuration of candidate cells to the gNB-CU. 
As mentioned above, there is a configuration of candidate cell provided from target gNB-DUs to the gNB-CU. In legacy we have a parameter of CellGroupConfig referred to DU to CU RRC information which can include almost all RRC configuration produced by the target gNB-DU. RAN2 is discussing the RRC modelling of ASN.1 for which three options are considered as below.
Current options on the table: to configure a L1/L2 inter-cell mobility candidate cell:
a.	One RRCReconfiguration message for candidate target cell
b.	One CellGroupConfig IE for each candidate target cell
c.	One SpCellConfig IE for each candidate target cell
Therefore, RAN3 needs to wait for RAN2 progress to confirm whether there is any further F1AP impact.
Proposal 5: For intra-CU inter-DU L1/L2 handover, wait for RAN2 progress on the details of candidate cell configuration.
HO execution
Issue 3: sending of Handover command
Similar to the intra-DU case, it should be the source gNB-DU to initiate the L1/L2 handover command to the UE based on L1 measurement. There are proposals at last meeting that the source gNB-DU should coordinate with the target-gNB DU to obtain the TCI state and SSB determination information used by the target gNB-DU before sending the handover command to the UE.
We think that, the UE can perform RACH procedure in the target cell of the target gNB-DU anyway and during RACH procedure, the UE will obtain the SSB and TCI state used for subsequent transmission at the target gNB-DU. Therefore, it seems not need to coordinate with target gNB-DU before handover execution. On the other hand, there would be extra latency if coordination signallings between source gNB-DU and target gNB-DU are performed via gNB-CU. 
If RACH-less HO is supported, how UE obtain the SSB or TCI state for subsequent transmission are up to RAN2 discussion.
Proposal 6: For intra-CU inter-DU L1/L2 handover, as a baseline for RACH-based inter-DU HO, the source gNB DU initiates the handover command to the UE based on L1 measurement result without interaction with target gNB-DU. Details are up to RAN2.
HO complete
Issue 4: DDDS
In inter-DU case when the source gNB-DU decides to perform HO execution, it can immediately indicate to candidate gNB-CU the Downlink Data Delivery Status (DDDS) for fast retransmitting the unsuccessfully transmitted packets once gNB-CU has been indicated via ACCESS SUCCESS message that the UE has successfully accessed to the target gNB-DU. 
Proposal 7: For inter-DU L1/L2 handover, the source gNB DU sends the Downlink Data Delivery Status (DDDS) to the gNB CU after sending handover command to the UE. 
Issue 5: notification of HO complete
Similar as intra-DU, we should also discuss how to detect UE access and if there is F1 impact for inter-DU case. We believe RAN3 should wait for RAN2 progress on how target gNB-DU detects UE access successfully.
For intra CU inter-DU L1/L2 handover, RAN3 waits for RAN2 progress on how target gNB-DU detect the UE access to the target gNB-DU.
Once the gNB-DU detects the UE access, it should indicate to the gNB-CU to switch the data path from the source gNB-DU to the target gNB-DU. We think that the ACCESS SUCCESS message can be reused.
Proposal 8: For intra CU inter-DU L1/L2 handover, the target gNB DU sends the ACCESS SUCCESS message to the gNB CU once it detects the UE accesses to target cell.
Proposal 9: For intra-CU inter-DU L1/L2 handover, the gNB CU switches the data path to target gNB DU after receiving ACCESS SUCCESS message. 
Issue 6: early data forwarding
For time sensitive service it would be beneficial on reducing the interruption if gNB-CU can early forward (e.g. before the HO execution phase) some data to all candidate gNB-DUs for back-up and the candidate gNB-DU buffers the data for the potential incoming HO. So that once the UE accesses to the target gNB-DU successfully, it can immediately send the early forwarded data from the gNB-CU to the UE. 
Proposal 10: RAN3 to study the support of early data forwarding to the candidate gNB DU in intra-CU inter-DU L1/L2 handover.
Issue 7: release of HO
Similar as intra-DU HO, the gNB-CU should also be able to release the resources in source gNB-DU and in the prepared candidate cells in other gNB-DUs in the end if it determines that those cells are not suitable for L1/L2 handover anymore. We think that the existing UE CONTEXT RELEASE can be reused for this case.
Proposal 11: For intra-CU inter-DU handover, the gNB-CU may initiate UE CONTEXT RELEASE for releasing the UE context in source gNB-DU and the prepared resources in candidate gNB DUs. 
2.3. E1 impact
Issue 1: HO with or without CU-UP change
if CU-UP is changed during HO, there are some E1 impacts, e.g. data forwarding or PDCP re-establishment with key update. For now we think RAN3 should wait for RAN2 on if security keys are updated or not during HO.
Wait for RAN2 progress until RAN2 decide if security keys are changed or not for L1/L2 based mobility with CP-UP relocation. 
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]5. Conclusion
Based on the discussion in this paper, we propose the following:
1. For intra-DU L1/L2 handover, turn the WA into agreement, i.e. for intra-DU L1/L2 mobility, the existing F1AP procedure (e.g., F1AP UE CONTEXT MODIFICATION) is reused for handover configuration for inter-cell mobility. 
1. For intra-DU L1/L2 handover, the gNB-CU provides a suggested candidate cell list to the gNB-DU and the gNB-DU decides if the suggested candidate cells are accepted or not. If accepted, the configurations of accepted candidate cells are provided to the gNB-CU.
1. When the L1/L2 mobility configuration is initiated, the gNB-CU provides a new UL GTP TEI ID to the gNB-DU and the gNB-DU provides a new DL GTP TEID to the gNB-CU. 
1. The gNB-DU initiated L1/L2 mobility configuration needs further justification.
1. For intra-DU L1/L2 handover, turn the WA into agreement, e.g. the UE sends the L1 measurement report to the gNB-DU and the gNB-DU triggers UE mobility to a target candidate cell. 
1. DDDS from gNB-DU to gNB-CU is not needed in case of intra-DU L1/L2 handover. 
1. For intra-DU L1/L2 handover, how the gNB DU detects the UE access is up to RAN2 discussion. 
1. For intra-DU L1/L2 handover, the gNB DU sends the ACCESS SUCCESS message to the gNB CU after it detects the UE access to the target cell. 
1. WA: For intra-DU L1/L2 handover, the gNB CU may initiate UE CONTEXT MODIFICATION procedure for releasing the prepared resources in the gNB DU. 
1. For intra-CU inter-DU L1/L2 handover, reuse the agreement for intra-DU case, i.e. the gNB CU initiates the handover configuration procedure to the target DU. 
1. For intra-CU inter-DU L1/L2 handover, the existing UE CONTEXT SETUP procedure (gNB-CU initiated) can be reused as baseline for handover configuration. 
1. For intra-CU inter-DU L1/L2 handover, the gNB-CU provides a suggested candidate cell list to the target gNB-DU and the target gNB-DU decides if the candidate cells are accepted or not. If accepted, the target gNB-DU sends the configuration of candidate cells to the gNB-CU. 
1. For intra-CU inter-DU L1/L2 handover, wait for RAN2 progress on the details of candidate cell configuration.
1. For intra-CU inter-DU L1/L2 handover, as a baseline for RACH-based inter-DU HO, the source gNB DU initiates the handover command to the UE based on L1 measurement result without interaction with target gNB-DU. Details are up to RAN2.
1. For inter-DU L1/L2 handover, the source gNB DU sends the Downlink Data Delivery Status (DDDS) to the gNB CU after sending handover command to the UE. 
1. For intra CU inter-DU L1/L2 handover, RAN3 waits for RAN2 progress on how target gNB-DU detect the UE access to the target gNB-DU.
1. For intra CU inter-DU L1/L2 handover, the target gNB DU sends the ACCESS SUCCESS message to the gNB CU once it detects the UE accesses to target cell.
1. For intra-CU inter-DU L1/L2 handover, the gNB CU switches the data path to target gNB DU after receiving ACCESS SUCCESS message. 
1. RAN3 to study the support of early data forwarding to the candidate gNB DU in intra-CU inter-DU L1/L2 handover.
1. For intra-CU inter-DU handover, the gNB-CU may initiate UE CONTEXT RELEASE for releasing the UE context in source gNB-DU and the prepared resources in candidate gNB DUs. 
1. Wait for RAN2 progress until RAN2 decide if security keys are changed or not for L1/L2 based mobility with CP-UP relocation. 
[bookmark: _Toc423020280]The tentative TPs to stage 2 CR TS 38.401 based on the above proposals are provided in the annex.
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[bookmark: _Toc52266342][bookmark: _Toc64445120][bookmark: _Toc73980479][bookmark: _Toc88651175][bookmark: _Toc98351715][bookmark: _Toc98748013][bookmark: _Toc105704400][bookmark: _Toc106108518][bookmark: _Toc107829490]8.2.1.X	Intra-gNB-DU L1/L2 based Handover 
This procedure is used for the case when the UE moves within the same gNB-DU during NR operation for L1/L2 based handover. Figure 8.2.1.x-y shows the intra-gNB-DU L1/L2 based mobility procedure for intra-NR.



Figure 8.2.1.x-y: intra DU L1/L2 based HO procedure
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 conveying the received MeasurementReport message to the gNB-CU. 

2. The gNB-CU determines to initiate L1/L2 handover configuration. 
3. The gNB-CU sends a UE CONTEXT MODIFICATION REQUEST message to the source gNB-DU containing the candidate cells list.
4. If the handover configuration request is accepted, the source gNB-DU responds with a UE CONTEXT MODIFICATION RESPONSE message including the generated low layer RRC configurations of the candidate cells.
5. The gNB-CU sends a DL RRC MESSAGE TRANSFER message to the source gNB-DU, which includes the generated RRCReconfiguration message which may contain the low layer RRC configurations of the candidate cells for L1/L2 handover. Details are FFS.
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. 
9. The UE sends the L1 measurement result to the gNB-DU. The gNB-DU decides to execute L1/L2 handover.
10. The gNB-DU sends the L1/L2 HO command to the UE.
11. FFS:  how the gNB/gNB-DU detects the UE access
12. The gNB-DU sends the Access Success to the gNB-CU.
13. WA: The gNB-CU sends a UE CONTEXT MODIFICATION REQUEST message to the gNB-DU.
14. WA: The gNB-DU responds with a UE CONTEXT MODIFICATION RESPONSE message to the gNB-CU.



8.2.1.X	Inter-gNB-DU L1/L2 based Handover 
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 based handover. Figure 8.2.1.x-1 shows the inter-gNB-DU L1/L2 based mobility procedure for intra-NR.



Figure 8.2.1.x-1: inter DU L1/L2 based HO
HO preparation phase
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 mobility based on the MeasurementReport message. 
3. The gNB-CU sends a UE CONTEXT SETUP REQUEST message to the target 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 RRC configuration for the target cell ID that was requested from the gNB-CU.
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 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. 
HO execution phase
9. The UE sends L1 measurement result to the source gNB-DU. To be discussed and decided by RAN1 and RAN2
10. The source gNB-DU sends L1/L2 based HO command to the UE. To be discussed and decided by RAN1 and RAN2. The source gNB-DU sends the Downlink Data Delivery Status to the gNB-CU for DL data retransmissionon.
11. A Random Access procedure is performed at the target gNB-DU. 
HO complete phase
12. The target gNB-DU sends an ACCESS SUCCESS message to inform the gNB-CU of which cell the UE has successfully accessed.\
13. The gNB-CU may send the UE CONTEXT RELEASE COMMAND message to the source gNB-DU to release the UE context in the source gNB-DU.
14. The source gNB-DU releases the UE context and responds the gNB-CU with a UE CONTEXT RELEASE COMPLETE message if the UE CONTEXT RELEASE COMMAND message is received.
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