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1 Introduction
RAN1 LS (R2-2102627/R1-2102247) provides RAN1 progress on L1/L2-centric inter-cell mobility, and asks RAN2 view on 6 issues related to the signaling and connection control procedures. 
This contribution provides our view on the 6 issues. 
2 Discussion

The legacy inter-cell mobility is performed via RRC based handover procedure. After cell change/HO, UE will change its serving cell, apply the RRCReconfiguration of the target serving cell, and perform the UE dedicated reception/transmission and RRM measurement on the target cell. 
Observation: Current inter-cell mobility framework includes three characteristics:

1) Target cell’s configuration and cell change condition are provided by RRC signaling;

2) After cell change, UE applies target PCell’s configuration, and regards it as the serving cell;
3) After cell change, UE performs the data transmission/reception and the RRM measurement on the target PCell.

About the L1/L2 centric inter-cell mobility, the difference from the legacy handover procedure is that the cell change is indicated via L1/L2 signaling instead of L3 RRC signaling (i.e. handover command, and the motivation of the L1/L2 centric inter-cell mobility is to achieve the fast cell change with low latency and low overhead. According to the motivation and the difference from legacy handover procedure, from signaling and connection control procedure perspective, the inter-cell mobility framework should stick to the legacy handover procedure, but the cell change condition/signaling is the L1/L2 centric, not L3 based. 
Proposal 0: From signaling and connection control procedure perspective, the inter-cell mobility framework should stick to current inter-cell mobility framework, but the cell change trigger (i.e.signaling/condition) is L1/L2 centric, not L3 based. 
· Issue 1: serving cell
	Question 1: In regard of serving cell, 

1. Is there a need for a UE to change a serving cell for DL reception from or UL transmission to another (non-serving) cell, at least on UE-dedicated PDSCH, PDCCH, PUSCH, and PUCCH? 
2. If so, how can the addition, release or change of a non-serving cell for DL reception and/or UL transmission be done? For example, would any of such actions require L3 handover and/or selection/activation among pre-configured candidate cells from RAN2 perspective?
3. If so, how can the TCI states associated with the previous serving cell be handled?
4. If so, what is the impact on the system information reception by the UE?
5. If so, what is the impact on the RACH and PUCCH-related procedures and configurations?
6. If not, what is the impact on the applicable use cases? That is, in what scenarios can the UE be configured for DL reception from or UL transmission to another (non-serving) cell, at least on UE-dedicated PDSCH, PDCCH, PUSCH, and PUCCH, if the serving cell does not change?


Based on the proposal 0, the UE dedicated data transmission/reception is only performed on the serving cell. If the UE dedicated transmission/reception is expected to be performed on the non-serving cells, NW and UE should perform the inter-cell mobility to change that non-serving cell to serving cell, and then perform the UE dedicated scheduling/transmission there. 
Proposal 1.1: The non serving cell has to be changed to serving cell for the UE dedicated data transmission/scheduling.  
For the L1/L2 centric inter-cell mobility, there may be two options:

· Option 1: If the cell change is triggered by the L1/L2 signaling , since the L1/L2 signaling cannot carry all the target serving cell’s configuration, the feasible way is for NW to provide the candidate target cells’ configuration via RRC signaling to UE, and L1/L2 signaling is to indicate which cell is selected as the target serving cell;
· Option 2: If the cell change is triggered by the L1/L2 based condition (like CHO), the target candidate cell’s configuration should be provided by NW via RRC signaling in advance, and the condition to trigger the handover may be not L3 measurement event, but the L1/L2 based condition. 
For both options, the NW should provide the candidate cell’s configuration in advance via RRC signaling. 
Proposal 1.2: NW provides the candidate cell’s configuration in advance via the RRC signaling.
About the association between TCI state and different candidate cells, NW can configure the mapping between the TCI state and serving cell/candidate cells. When UE works on cell#1 and receives the L1 DCI or L2 MAC CE in which the indicated TCI state indicates the candidate cell#2, UE will perform the cell change procedure, and switch its serving cell from cell#1 to cell#2. In order to perform the fast cell change, UE doesnot need to release the source serving cell’s configuration. All the candidate cells and serving cell’s configuration should be released, changed based on explicit RRC configuration. 
Proposal 1.2a: All the serving cell and candidate cell’s configuration are controlled by NW via RRC signaling explicitly.

Proposal 1.2b: When UE performs the cell change, the source serving cell can be switched to the candidate cell.
Proposal 1.3: The association between TCI state and each serving cell/candidate cell is explicitly configured by NW. 
Since we assume the legacy mobility framework is applied for the L1/L2 centric inter-cell mobility, there is no impact on the UE SI acquisition. UE’s operation is same as legacy, i.e. only monitor and acquire the MIB/SIB1 from the current PCell if the CORSET#0 is configured on the activated BWP. 
Proposal 1.4: There is no UE impact on the system information reception, i.e. UE is only required to monitor and acquire the MIB/SIB1 on PCell if the CORSET#0 is configured on the activated BWP.
For the PUCCH and PRACH configuration and procedure, in legacy handover procedure RACH is required to be performed in the target cell to acquire the initial UL sync, and the PUCCH configuration is only enabled when the RACH procedure is successful. After cell change, UE will follow the target PCell’s configuration to perform RACH and PUCCH transmission. In the L1/L2 centric cell change procedure, it’s not clear whether the RACH procedure can be skipped or not . If RACH procedure is skipped, RAN2 should discuss the impact on how to support the RACH less cell change procedure. 
Proposal 1.5: If RACH procedure is kept during the cell change procedure as legacy handover, there is no impact on RACH and PUCCH configuration and transmission after cell change. 

Proposal 1.5a: If RACH procedure is skipped during the cell change procedure, RAN2 needs to discuss how to support it, and RAN1 is requested to provide more information. 
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Figure-1. L1/L2 centric inter-cell mobility
· Issue 2: RRC configuration

	Question 2: In regard of RRC configuration, RAN1 is discussing whether to allow a UE to be configured for DL reception from or UL transmission to a non-serving cell on UE-dedicated PDSCH, PDCCH, PUSCH, and PUCCH. From RAN2 perspective

1. Depending on the answer to question 1-1, what would be the impact of allowing the UE to transmit and/or receive on some or all of those channels and which RRC parameter(s) would need to be reconfigured for the UE? 
2. Is it feasible to update some of the above RRC parameter(s) via dynamic signaling (e.g. MAC CE and/or DCI, potentially selecting pre-configured values) without any additional RRC reconfiguration signaling?


According to the proposal 0, UE cannot perform data transmission on the non-serving cell. Therefore, NW should first reconfigure the non-serving cell as the serving cell/PCell, and then schedule data transmission there. 

For the PCell change, NW should provide the essential configuration of the target PCell, which at least includes the configuration of the initial access on the target PCell, e.g. initial BWP configuration, and the initial RACH configuration. 
Due to the size limitation of the L1/L2 signaling, it is infeasible to deliver all the parameters via L1/L2 signaling. Instead, the L1/L2 signaling to signal the selected pre-configured values/index by RRC signaling can be considered. 
Proposal 2.1: In order to schedule the data on the non-serving cell, NW is required to provide the minimum PCell configuration for that non-serving cell (i.e., initial BWP configuration and initial RACH configuration) for PCell change purpose. 
Proposal 2.2: L1/L2 signaling can be used to signal the selected pre-configured values/index which is pre-configured by RRC signaling. 

· Issue 3: C-RNTI issues

	Question 3: In regard of C-RNTI:

1. Is there a need to assign a UE a separate C-RNTI for DL reception from and UL transmission to a non-serving cell, or can the same C-RNTI from the serving cell be reused, at least for transmission and reception on UE-dedicated PDSCH, PDCCH, PUSCH, and PUCCH? 
2. In restricting the use of the same C-RNTI for serving and non-serving cells, what would be the impact in applicable use cases and/or required specification support, if any?
3. If separate C-RNTIs are considered necessary in some cases, for serving and non-serving cells, how would this be configured for UE, i.e. is RRC reconfiguration signaling or some other (dynamic) signaling needed for configuring the separate C-RNTI(s)?


According to current design, NW may allocate the different C-RNTIs in the source and target PCell due to the different cell’s C-RNTI allocation policy. 
For the separate C-RNTI allocation, the following mechanism can be considered:


Option 1> NW pre-allocates the C-RNTI of each candidate cell in advance by RRC signaling, similar as current CHO;


Option 2> NW provide the C-RNTI used for the target PCell in the L1/L2 signaling which is to indicate the cell change;


Option 3> When UE access to the target PCell via RACH, UE can use the T-C-RNTI which is allocated in the RACH procedure as the C-RNTI.

Proposal 3: NW should be able to allocate the separate C-RNTI for the serving cell and each candidate cell.
· Issue 4: Supported scenarios in the CU-DU split deployment
	Question 4: 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 CU-DU split deployment, the different scenarios require the different L2 architectures to support the L1/L2 centric cell change. 

	Scenario
	L2 architecture
	L2 operation during cell change

	Intra-DU 
	· SDAP, PDCP, RLC, MAC entity of both source cell and target cell are located in the same DU
	· L2 reset is not needed 

	Intra-CU inter-DU 
	· RLC, MAC entity of both source cell and target cell are located in different DUs;

· SDAP, PDCP entity of both source cell and target cell are located in the same CU.
	· RLC and MAC reset is needed, and PDCP recovery is needed;

· The L2 operation is same as that in legacy HO without key change.  

	Inter-CU inter-DU 
	· RLC, MAC entity of both source cell and target cell are located in different DUs;

· SDAP, PDCP entity of both source cell and target cell are located in different CUs. 
	· RLC and MAC reset is needed, and PDCP reestablishment is needed. 

· The L2 operation is same as that in legacy HO with key change.  
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Figure-2. L2 architectures in the different CU-DU split scenario
Proposal 4: For L1/L2 centric inter-cell mobility, different L2 operations are required for the different CU-DU split scenarios:
· For intra-DU scenario, L2 reset is not needed;

· For intra-CU inter-DU scenario, the L2 operation in legacy HO without security key change can be reused (i.e., RLC and MAC reset);
· For inter-CU inter-DU scenario, the L2 operation in legacy HO without security key change can be reused (i.e., PDCP reestablishment, RLC&MAC reset).
· Issue 5: Inter-band CA issues

	Question 5: In regard of CA issues, RAN1 is discussing whether the operation is supported only for intra-band CA scenario (i.e. UE is configured to operate with serving and non-serving cells that belong to the same frequency band) or for both intra-band CA and inter-band CA scenarios. Note that one common TCI state ID associated with a non-serving cell, if supported, may be optionally applied for CCs in a band.
1. Are there specific RAN2/4 issues (including higher-layer impact) that need to be considered for deciding  between the two alternatives?


From RAN2 perspective, there is no difference for intra-band CA and inter-band CA. 
Proposal 5: For L1/L2 centric inter-cell mobility, there is no RAN2 impact on the support of intra-band CA and inter-band CA.

· Issue 6: Inter-frequency issues

	Question 6: In regard of inter-frequency issues, from RAN2/4 perspective, what would be the higher-layer and RRM impact assuming inter-frequency scenarios as opposed to intra-frequency scenarios? For intra-frequency scenario, it is assumed that SSBs of non-serving cells have the same center frequency and SCS as the SSBs of the serving cell.

· Note: RAN1 has agreed to support intra-frequency scenarios, whereas the support for inter-frequency scenarios is still for further study.


From RAN2 perspective, the support of inter-frequency and intra-frequency scenario may have the different impact on the RRM measurement, e.g. no measurement gap is required for the intra-frequency (with same center frequency and SCS) measurement, but measurement gap may be required for the inter-frequency case which is dependent on UE capability. 
Proposal 6: For L1/L2 centric inter-cell mobility, the support of intra-frequency and inter-frequency scenario may have the different impact on the RRM measurement on the neighbor cells, i.e. the need of the measurement gap. 
3 Conclusion
According to the analysis in section 2, we propose that:
Proposal 0: From signaling and connection control procedure perspective, the inter-cell mobility framework should stick to current inter-cell mobility framework, but the cell change trigger (i.e.signaling/condition) is L1/L2 centric, not L3 based. 

Our proposed answers to RAN1 questions are provided in the following table.
	Question
	Answer

	Q1: In regard of serving cell

	1) Is there a need for a UE to change a serving cell for DL reception from or UL transmission to another (non-serving) cell, at least on UE-dedicated PDSCH, PDCCH, PUSCH, and PUCCH? 
	Yes, 
Proposal 1.1: The non serving cell has to be changed to serving cell for the UE dedicated data transmission/scheduling there.  



	2) If so, how can the addition, release or change of a non-serving cell for DL reception and/or UL transmission be done? For example, would any of such actions require L3 handover and/or selection/activation among pre-configured candidate cells from RAN2 perspective?
	Proposal 1.2: NW provides the candidate cell’s configuration in advance via the RRC signaling.
Proposal 1.2a: All the serving cell and candidate cell’s configuration are controlled by NW explicit RRC signaling.
Proposal 1.2b: When UE performs the cell change, the source serving cell can be switched to the candidate cell.



	3) If so, how can the TCI states associated with the previous serving cell be handled?
	Proposal 1.3: The association between TCI state and each serving cell/candidate cell are explicitly configured by NW. 



	4) If so, what is the impact on the system information reception by the UE?
	Proposal 1.4: There is no UE impact on the system information reception, i.e. UE is only required to monitor and acquire the MIB/SIB1 on PCell if the CORSET#0 is configured on the activated BWP.



	5) If so, what is the impact on the RACH and PUCCH-related procedures and configurations?
	Proposal 1.5: If RACH procedure is kept during the cell change procedure as legacy handover, there is no impact on RACH and PUCCH configuration and transmission after cell change. 
Proposal 1.5a: If RACH procedure is skipped during the cell change procedure, RAN2 needs to discuss hwo to support it, and RAN1 is requested to provide more information. 



	6) If not, what is the impact on the applicable use cases? That is, in what scenarios can the UE be configured for DL reception from or UL transmission to another (non-serving) cell, at least on UE-dedicated PDSCH, PDCCH, PUSCH, and PUCCH, if the serving cell does not change?
	N/A

	Q2:  In regard of RRC configuration, RAN1 is discussing whether to allow a UE to be configured for DL reception from or UL transmission to a non-serving cell on UE-dedicated PDSCH, PDCCH, PUSCH, and PUCCH. From RAN2 perspective

	1) Depending on the answer to question 1-1, what would be the impact of allowing the UE to transmit and/or receive on some or all of those channels and which RRC parameter(s) would need to be reconfigured for the UE? 
	Proposal 2.1: In order to schedule the data on the non-serving cell, NW is required to provide the minimum PCell configuration for that non-serving cell (i.e., initial BWP configuration and initial RACH configuration) for PCell change purpose. 


	2) Is it feasible to update some of the above RRC parameter(s) via dynamic signaling (e.g. MAC CE and/or DCI, potentially selecting pre-configured values) without any additional RRC reconfiguration signaling?
	Proposal 2.2: L1/L2 signaling can be used to signal the selected pre-configured values/index which is pre-configured by RRC signaling. 



	Q3: In regard of C-RNTI:

	Is there a need to assign a UE a separate C-RNTI for DL reception from and UL transmission to a non-serving cell, or can the same C-RNTI from the serving cell be reused, at least for transmission and reception on UE-dedicated PDSCH, PDCCH, PUSCH, and PUCCH?
	Proposal 3: NW should be able to allocate the separate C-RNTI for the serving cell and each candidate cell.



	In restricting the use of the same C-RNTI for serving and non-serving cells, what would be the impact in applicable use cases and/or required specification support, if any?
	

	If separate C-RNTIs are considered necessary in some cases, for serving and non-serving cells, how would this be configured for UE, i.e. is RRC reconfiguration signaling or some other (dynamic) signaling needed for configuring the separate C-RNTI(s)?
	

	Question 4: 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? 

	The associated RAN2 specification impact
Applicable use cases (e.g. deployment scenarios), and 
	Proposal 4: For L1/L2 centric inter-cell mobility, different L2 operations are required for the different CU-DU split scenarios:

· For intra-DU scenario, L2 reset is not needed;

· For intra-CU inter-DU scenario, the L2 operation in legacy HO without security key change can be reused (i.e., RLC and MAC reset);

· For inter-CU inter-DU scenario, the L2 operation in legacy HO without security key change can be reused (i.e., PDCP reestablishment, RLC&MAC reset).



	Network inter-operability (e.g. across different gNB vendors)
	

	Question 5: In regard of CA issues, RAN1 is discussing whether the operation is supported only for intra-band CA scenario (i.e. UE is configured to operate with serving and non-serving cells that belong to the same frequency band) or for both intra-band CA and inter-band CA scenarios. Note that one common TCI state ID associated with a non-serving cell, if supported, may be optionally applied for CCs in a band.


	Are there specific RAN2/4 issues (including higher-layer impact) that need to be considered for deciding  between the two alternatives? 
	Proposal 5: For L1/L2 centric inter-cell mobility, there is no RAN2 impact on the support of intra-band CA and inter-band CA.



	Question 6: In regard of inter-frequency issues, from RAN2/4 perspective, what would be the higher-layer and RRM impact assuming inter-frequency scenarios as opposed to intra-frequency scenarios? For intra-frequency scenario, it is assumed that SSBs of non-serving cells have the same center frequency and SCS as the SSBs of the serving cell. Note: RAN1 has agreed to support intra-frequency scenarios, whereas the support for inter-frequency scenarios is still for further study.

	For the inter-frequency measurement, current RAN2 design is to perform inter-frequency measurement according to the RAN4 requirement and UE measurement gap capability. We done think there is RAN2 impact on the inter-frequency issue. 
	Proposal 6: For L1/L2 centric inter-cell mobility, the support of intra-frequency and inter-frequency scenario may have the different impact on the RRM measurement on the neighbor cells, i.e. the need of the measurement gap. 

 


4 Reference
[1] R2-2102627 LS on TCI State Update for L1/L2-Centric Inter-Cell Mobility

RAN1
