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1. Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]RAN1 has sent two LSes [1] [2] to RAN3 about the support of L1/L2-centric inter-cell mobility. Among all questions raised by RAN1, issues related to CU-DU split need RAN3’s involvement, which are extracted as follows.
	In regard of CU-DU split, from RAN2/3 perspective, is there any difference between supporting intra-DU only and supporting inter- in addition to intra-DU, in terms of the following? 
1.	The associated RAN2 specification impact,
2.	Applicable use cases (e.g. deployment scenarios), and 
3.	Network inter-operability (e.g. across different gNB vendors).


In this document, we further analyse these issues from RAN3 perspective.
2. Discussion
From the current agreements of RAN1 [1], we can see that there are divergent opinions on if the serving cell needs to be changed in L1/L2-centric inter-cell mobility. In order to promote the progress in RAN3, we make the assumption that the analysis in this contribution is based on the traditional understanding of inter-cell mobility, i.e., the serving cell is changed from the source cell to the target cell. 
We would like to analyse the differences between intra-DU and inter-DU from the following two aspects: handover procedure and user plane operations. Note that the term ‘inter-DU’ can be interpreted from two different ways: the one is ‘intra-CU inter-DU’, and the other one is ‘inter-CU inter-DU’. In the following analysis, we use the term ‘inter-DU’ for ‘intra-CU inter-DU’ scenarios, and the term ‘inter-CU’ for ‘inter-CU inter-DU’ scenarios. 
Before starting the discussion, we could take a look at the latest progress during RAN2 April meeting, from the chairnotes below we could see that no conclusions has been reached yet and further discussions are still needed till next RAN2 meeting.
The term “non-serving cell(s)” seems to cause confusion, and should be changed (to be consistent with the current RAN2 definitions).
RAN2 further study the impact on L1/L2 centric mobility for inter-cell multi-TRP-like model and inter-cell HO-like model.
Chair: while unclear, there seems to be support for: RRC provides the pre-configured configuration of “the candidate cell for L1/L2 centric mobility” (FFS if > 1), and L1/L2 signaling can be used/feasible for the dynamic switching of the pre-configured value.
Continue by long email discussion, to better understand impact in R2, pave the way for potential high level decisions, and get replies and Q to R1 LS

[Post113bis-e][061][feMIMO] InterCell mTRP and L1L2 mobility (Samsung)
	Scope: Based on R1 LS and discussion at R2 113bis-e, achieve better understanding of impact in R2, pave the way for potential high level decisions, pave the way for decisions needed to reply to R1 LS, identify questions that R2 shold ask R1, if any (can e.g. apply P3 from R2-2104632). Intention to provide a reply to R1 from next meeting. 
	Intended outcome: Report
	Deadline: Long

[bookmark: _GoBack]2.1 Handover procedure
For handover procedure, we analyse the differences between intra-DU and inter-DU scenarios from these two phases: pre-configuration phase and handover execution phase. Since the procedure of L1/L2-centric inter-cell mobility is not clear for now, some descriptions of the handover procedure below are based on the legacy operations, e.g., using UE CONTEXT SETUP procedure to create an UE context. We need to mention that the procedure below is one possible method for applying L1/L2-centric inter-cell mobility in CU-DU split scenarios, which is based on our understanding to RAN1’s agreements. In general, we believe we can use this model to analyse the differences between intra-DU and inter-DU scenarios when L1/L2-centric inter-cell mobility is performed.
2.1.1 Pre-configuration phase
In the legacy operation of inter-cell mobility under CU-DU split architecture, the gNB-CU obtains the target cell configuration from the target gNB-DU (e.g. via UE CONTEXT SETUP procedure towards target gNB-DU for inter-DU case) after making handover decision. Then the gNB-CU sends an UE CONTEXT MODIFICATION REQUEST message to the source gNB-DU, which includes a generated RRCReconfiguration message. However, in the scope of L1/L2-centric inter-cell mobility, the RRC configuration of candidate cells (non-serving cells) may need to be pre-configured to UE. In this case, before the handover decision is made, the gNB-CU is supposed to initiate UE Context Setup procedure towards all candidate gNB-DUs to obtain the RRC configuration of these candidate cells in advance. 
For intra-DU scenarios, candidate cells and the serving cell belong to the same DU, i.e., the source gNB-DU and the target gNB-DU is the same one. The gNB-CU sends an UE CONTEXT MODIFICATION REQUEST message to the gNB-DU. And the gNB-DU responds with an UE CONTEXT MODIFICATION RESPONSE message which includes the configuration information of all candidate cells. Then the gNB-CU generates an RRCReconfiguration message and sends it to the gNB-DU via a DL RRC MESSAGE TRANSFER message. After that, the gNB-DU forwards the received RRCReconfiguration message to UE and this completes the handover pre -configuration phase. Here it should note that UE needs to recognize if the received RRCReconfiguration message is for a real (L3) handover or for pre-configuration of a possible L1/L2 handover.
For inter-DU scenarios, candidate cells belong to different DUs within one CU. The gNB-CU can obtain the candidate cells’ configuration from the candidate gNB-DUs through UE Context Setup procedure. Besides, there may be candidate cells belong to the source gNB-DU, in this case, the UE Context Modification procedure for the source gNB-DU is also needed. Then the procedure in intra-DU scenarios can be applied: the gNB-CU sends an RRCReconfiguration message to the source gNB-DU and the gNB-DU forwards the message to UE. 
For inter-CU scenarios, the source gNB-CU needs to send HANDOVER REQUEST messages to candidate gNB-CUs to request the configuration of candidate cells. And the candidate gNB-CUs initiate UE Context Setup procedure towards gNB-DUs to which candidate cells belong. Then the candidate gNB-CUs reply a HANDOVER REQUEST ACKNOWLEDGE message to the source gNB-CU, which contains the configuration of candidate cells. If there are candidates cells belong to the gNB-DUs which are connected with the source gNB-CU, the UE Context Setup procedure is also needed for these gNB-DUs. After the source gNB-CU obtains the configuration, similarly, the procedure in intra-DU scenarios can be applied.
In the pre-configuration phase, the differences among intra-DU, inter-DU, and inter-CU include the number of involving nodes and the corresponding message transfer procedures, which are demonstrated in Fig.1. Some candidate gNB-DUs/gNB-CUs other than the source and target ones are not shown in this figure for the sake of brevity. Procedures described with dash line in inter-DU and inter-CU scenarios may not exist when the candidate cells don’t belong to the source DU. For intra-DU scenarios, one gNB-CU interacts with one gNB-DU via F1 interface. For inter-DU scenarios, one gNB-CU interacts with multiple gNB-DUs via F1 interface. For inter-CU scenarios, multiple gNB-CUs are interacted via Xn interface and F1 interface-based CU-DU interaction is also needed. The pre-configuration is completed only when all involved nodes complete their procedures. In this case, additional delay may occur, especially for inter-CU scenarios.
[image: ]
Fig.1 Pre-configuration procedures of L1/L2-centric inter-cell mobility
Observation 1: In the pre-configuration phase, comparing with intra-DU scenarios, coordination between different DU and relevant F1/Xn signalling exchange are needed for inter-DU and inter-CU scenarios.
2.1.2 Handover execution phase
When the pre-configuration phase is completed, UE can execute L1 measurement on both serving cell RS and non-serving cell RS. Then the measurement report is sent to the source DU. No matter in which node the handover decision is made (source DU/target DU/source CU), we need to let these nodes have a consistent understanding about the result of the handover decision. After the handover decision is made, the source DU will send the UE a handover execution command by L1/L2 signalling. In the following analysis, we take the source DU as the decision maker as an example.
For intra-DU scenarios, the gNB-DU receives the L1 measurement report and makes handover decision based on the report. Then the gNB-DU sends the handover execution command to the UE by L1/L2 signalling, which indicates that the UE should switch to the target cell. Meanwhile, the source gNB-DU is supposed to notify the gNB-CU the decision result. After the UE is connected to the target cell, the target gNB-DU needs to notify the gNB-CU that the UE has successfully accessed to the target cell. Note that the target gNB-DU and the source gNB-DU are indeed the same one in intra-DU scenarios. 
For inter-DU scenarios, other than the procedures in intra-DU scenarios, the gNB-CU may need to forward the decision result to the target gNB-DU. After the UE is connected to the target cell, the legacy procedure could apply, e.g. interactions between target gNB-DU and target gNB-CU and between target gNB-CU and source gNB-DU or gNB-CU to release the UE context, during which F1 and Xn (for inter-CU scenarios) procedures are involved.
The above mentioned procedures are demonstrated in Fig.2. 
[image: ]
Fig.2 Handover execution procedures of L1/L2-centric inter-cell mobility
Observation 2: In the handover execution phase, comparing with intra-DU scenarios, coordination between different DU and relevant F1/Xn signalling exchange are needed for inter-DU and inter-CU scenarios.
2.2 User plane operations
In CU-DU split architecture, applying L1/L2-centric inter-cell mobility in different scenarios requires different user plane operations. 
For intra-DU scenarios, MAC, RLC, PDCP and SDAP can be shared between the source cell and the target cell. Neither MAC reset nor RLC reset is needed. For inter-DU scenarios, only PDCP and SDAP can be shared, which means MAC reset, RLC reset, and PDCP recovery are needed. For inter-CU scenarios, MAC reset, RLC reset and PDCP re-establishment are needed. Besides, since the PDCP anchor is changed in inter-CU mobility, the security key for ciphering/deciphering needs to be changed and thus it is more reasonable to apply L3-based handover involving Reconfiguration with Sync to update the security key, not L1/L2-centric mobility involving lower layer dynamic signalling. 
Observation 3: In inter-CU scenarios, L3-base handover has to be involved for updating the security key.
According to the scope of L1/L2-centric inter-cell mobility [3], we believe the motivation is to facilitate more efficient beam management while trying to minimize the impacts on the user plane. In this case, focusing on L1/L2-centric inter-cell mobility in intra-DU scenarios can be a good start point in Rel-17.
Observation 4: In intra-DU scenarios, the potential impacts on user plane can be minimized.
Based on the above observations, focusing on intra-DU scenarios can fulfil the requirements of L1/L2-centric inter-cell mobility with relatively lower complexity. In the current deployment scenarios, it is normal that a single gNB-DU can support multiple cells. In this respect, applying L1/L2-centric inter-cell mobility in intra-DU scenarios is still beneficial for facilitating inter-cell mobility management. Therefore, considering the tight timeline of Rel-17, we give the following proposal.
[bookmark: _Toc423019661][bookmark: _Toc423019946][bookmark: _Toc423020275][bookmark: _Toc423020292][bookmark: _Toc423020300]Proposal 1: RAN3 prefers that only intra-DU scenario is supported in Rel-17.
A draft LS from RAN3 perspective could be seen in [4].
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]3. Conclusion
Based on the discussion in this paper, we have the following observations and proposal.
Observation 1: In the pre-configuration phase, comparing with intra-DU scenarios, coordination between different DU and relevant F1/Xn signalling exchange are needed for inter-DU and inter-CU scenarios.
Observation 2: In the handover execution phase, comparing with intra-DU scenarios, coordination between different DU and relevant F1/Xn signalling exchange are needed for inter-DU and inter-CU scenarios.
Observation 3: In inter-CU scenarios, L3-base handover has to be involved for updating the security key. 
Observation 4: In intra-DU scenarios, the potential impacts on user plane can be minimized.
[bookmark: _Toc423020280]Proposal 1: RAN3 prefers that only intra-DU scenario is supported in Rel-17. 
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