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Introduction
In Rel-17 FeMIMO WI, the L1/L2-centric inter-cell mobility is included as a part of multi-beam operation enhancement. 
	1. Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1: 
a. Identify and specify features to facilitate more efficient (lower latency and overhead) DL/UL beam management to support higher intra- and L1/L2-centric inter-cell mobility and/or a larger number of configured TCI states:
i. Common beam for data and control transmission/reception for DL and UL, especially for intra-band CA
ii. Unified TCI framework for DL and UL beam indication
iii. Enhancement on signaling mechanisms for the above features to improve latency and efficiency with more usage of dynamic control signaling (as opposed to RRC)
b. Identify and specify features to facilitate UL beam selection for UEs equipped with multiple panels, considering UL coverage loss mitigation due to MPE, based on UL beam indication with the unified TCI framework for UL fast panel selection 




RAN1 sent two LSs related to Rel-17 FeMIMO WI. [1] is just a collection of RAN1 agreements and [2] listed a set of questions to RAN2. In this contribution, we will first discuss some basic understanding on the scenarios that RAN1 might be looking at and look at RAN1 questions to identify RAN2 impacts. 
[bookmark: pro3]Scenarios for L1/L2 centric inter-cell mobility
In RAN1 LS, the following is mentioned: 
As a part of the Rel-17 NR_FeMIMO WID wherein the group is tasked to “identify and specify features to facilitate more efficient (lower latency and overhead) DL/UL beam management to support higher intra- and L1/L2-centric inter-cell mobility” as well as “QCL/TCI-related enhancements to enable inter-cell multi-TRP operations”, RAN1 is currently investigating TCI state update (beam indication) for DL reception from and UL transmission to non-serving cell(s) – at least on UE-dedicated PDSCH, PDCCH, PUSCH, and PUCCH. In this case, the TCI can be associated with source RS(s) configured for the non-serving cell(s), if supported. It is noted that a non-serving cell is differentiated from the serving cell by PCI.  

The figure shows the possible scenario of TCI state update. 
 A
B
Serving cell (cell A)
Non-serving cell (cell B)
TCI 1
TCI 2
TCI 3


· Scenario A: TCI state can be updated from TCI1 associated with serving cell and TCI2 associated with the non-serving cell. The UE is still in the coverage of serving cell. 
· Protocol layers: 
· RRC: since the UE is still in the coverage of serving cell, from RRC point of view, there is no need to change serving cell. No change is foreseen.
· PDCP: we assume that two cells are under the same CU. No change is foreseen. 
· MAC/RLC: if cell A and cell B are in the same DU, MAC/RLC can be kept during TCI state update similar to the same cell TCI state update. If cell A and cell B are in the different DUs but in the same CU, only PDCP can be shared. So, MAC/RLC entity should be reestablished.  In MAC entity, TCI2 can be considered as another resource (e.g. Scell or BWP). TCI2 specific MAC operation should be discussed whether it is needed or not. 
· PHY: to support DL reception from and UL transmission with TCI2 associated to non-serving cell, PDSCH, PDCCH, PUSCH and PUCCH should be switched to TCI2  
· TCI state update procedure
· If RAN1 introduce an unified TCI frame work for inter-cell multiple TRPs, TCI update via MAC CE signaling and/or DCI based TCI switching would be used to switch from TCI1 to TCI2. 
· It is not clear whether both DL and UL TCI state update can happen or can be independent. However, it would be simple to assume DL and UL TCI state update should be done at the same time. 
· In normal HO, once the UE is moved to the target cell, the UE initiates PRACH procedure to send RRC reconfiguration complete message and also to establish TA and power control. It is not clear how the UE establishes TA and power control with non-serving cell TRP. 
· Configuration of TCI2
· Configuration of PDSCH, PDCCH, PUSCH and PUCCH.
· Configuration of MAC for TCI2 if required. 
· Handling of cell A after TCI state update
·  Since serving cell is kept as cell A, there is no specific need to remove TCI1 related channels/parameters. However, it can be further studied depending on whether frequent TCI state update between cell A and cell B is assumed or not. 

· Scenario B: TCI state is switched from TCI1 associated with serving cell and TCI3 associated to non-serving cell. Different from Scenario A, the UE is not in the coverage of serving cell. 
· In this case, we need to consider how we handle serving cell. If the serving cell is kept, TCI state update from TCI1 to TCI3 should be the same as Scenario A. However, the UE would experience RLF as the UE move out from the serving cell.
· Although RAN1 is looking for the possible enhancement that serving cell change is initiated upon TCI state update or upon any other L1/L2 indication, it is not clear serving cell switching upon L1/L2 indication looks. For example, if it is one-direction switch from serving to non-serving cell, we can consider handover procedure triggered by L1/L2 indication. On the other hand, if it is bi-direction and frequent switch among serving cell and non-serving cell (s), we would need different serving cell switch mechanism different from HO procedure. In RAN1 LS, RAN1 mentioned handover and/or selection/activation among pre-configured candidate cells. Based on it, it might be the case that RAN1 is looking at both cases.
· Handover based approach: in Rel-16, CHO is introduced, in which multiple candidate cells are configured and handover is executed when the execution condition is met. With CHO framework, RAN2 impact is not so big but we should evaluate whether L1 measurement is stable enough to execute handover and how much gain is expected with L1/L2 indication based CHO. 
· [bookmark: _Hlk67843772]Selection/activation among pre-configured candidate cells: in this approach, multiple candidate cells could be configured as serving cells similar to CA. With L1/L1 indication, one cell can be activated similar to Scenario A. It might be feasible for SCells. However, given that PCell cannot be deactivated, further change would be needed for PCell. 

Observation 1: the impact to RAN2 would be different in Scenario A and Scenario B. In Scenario A, there is no need to change the serving cell assuming dedicated channels of non-serving TRP can be provided as part of TCI state information. In Scenario B, there is need to change the serving cell. 
Proposal 1: RAN2 should evaluate RAN2 impact and feasibility for both Scenario A and Scenario B separately.   
Discussion on RAN1 questions
In this section, we provide the initial response based on the scenarios discussed in Section 2. 
	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?  



 
· In Scenario A, there is no need to change the serving cell assuming dedicated channels of non-serving TRP can be provided as part of TCI state information. 
In Scenario B, there is need to change the serving cell. Otherwise, the UE would experience RLF. 
  
	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?  




· There could be several aspects to look at for this question. 
First, it should be discussed whether the requirement/assumption on serving cell switching i.e. whether it is one-directional switching or bi-directional/frequent switching. If one-direction switching is required, handover especially CHO triggered by L1/L2 indication would be a simple approach. 
If bi-directional switching is required, selection/activation among pre-configured candidate cells would be more suitable. In this approach, multiple candidate cells could be configured as serving cells similar to CA. With L1/L1 indication, one cell can be activated similar to Scenario A. It might be feasible for SCells. However, given that PCell cannot be deactivated, further change would be needed for PCell.
Secondly, it should be discussed what procedures are required. For example, if RACH procedure and/or MAC/RLC re-establishment is required, HO-like approach would be more suitable. Otherwise, selection/activation among preconfigured candidate cells would be working.  
Thirdly, it should be discussed how the RLM/RLF procedure is provided. If it is by only serving cell, HO like approach is needed to move the serving cell from one cell to another cell. If the RLM/RLF procedure is maintained for all candidate cells, activation/selection among preconfigured candidate cells would be feasible. 
  
	3. If so, how can the TCI states associated with the previous serving cell be handled? 




· In HO approach, the UE release source cell after successful HO execution. That means that the UE cannot handover back to the original serving cell unless HO procedure is failed.  
In selection/activation among pre-configured candidate cells approach, it may be possible to keep the previous serving cell as one of candidate cells. 

 
	4. If so, what is the impact on the system information reception by the UE? 




· The common configuration should be provided via dedicated RRC signaling. 


	5. If so, what is the impact on the RACH and PUCCH-related procedures and configurations? 




· It depends on how TA is supported for non-serving cell TCI update.  RACH procedure should be required if TA is not valid for non-serving cell. In this case, it is not clear what is the gain of L1/L2 indication based serving cell switching. 
 
	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? 




· From RAN2 point of view, as long as UE is in coverage of the serving cell, non-serving cell’s dedicated channel could be configured as additional resource. 


	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?  




· In Scenario A, configuration of all dedicated channels associated to the non-serving cell should be provided. 
In Scenario B, configuration of non-serving cell(s) should be provided. 

	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? 



· Some parameters could be updated via dynamic signaling, while other parameters may not be feasible to update via dynamic signaling. 

 
	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)? 




· If the serving cell is not changed and C-RNTI is reserved in the non-serving cell for this UE, there is no need to assign a separate C-RNTI.  


	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) 



 
· If DU is different, MAC/RLC cannot be shared. It should be re-established and HO like procedure is necessary to switch the serving cell. Furthermore, there is no standardized inter-DU interface.  

	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?  



 
· There is not much difference for RAN2. But, in case of inter-frequency case, I wonder if CA cannot be used i.e. why new TCI update is needed essentially.  
 
	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. 




· There is not much difference for RAN2.

Conclusion
In this document, we had initial discussion on the scenarios that RAN1 might be looking at for L1/L2 centric inter-cell mobility and look at RAN1 questions to identify RAN2 impacts.
Observation 1: the impact to RAN2 would be different in Scenario A and Scenario B. In Scenario A, there is no need to change the serving cell assuming dedicated channels of non-serving TRP can be provided as part of TCI state information. In Scenario B, there is need to change the serving cell. 
Proposal 1: RAN2 should evaluate RAN2 impact and feasibility for both Scenario A and Scenario B separately.   
Proposal 2: The draft response in Section 3 can be used as a starting point for RAN2 email discussion in preparation of LS reply to RAN1. 
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