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1.  Introduction
In RAN2 #113bis-e meeting, RAN2 discussed the L1/L2-centric inter-cell mobility and inter-cell multi-TRP based on RAN1 LSes [1][2]. The discussion mainly focused on the understanding of RAN1’s intended scope, i.e., handover-like mechanism (L1/L2-centric inter-cell mobility) or multi-TRP-like mechanism (inter-cell multi-TRP) or both. According to the email discussion summary [3], most of companies agreed that RAN2 needs to further study the impacts on both two mechanisms. 
In this contribution, from RAN2 perspective, we further analyse the issues in the RAN1 LS [2] for the L1/L2-centric inter-cell mobility scenario. Note that a post meeting email discussion about potential RAN2 impacts is ongoing. The analysis in this paper also includes some progress in this email discussion. As for the inter-cell multi-TRP scenario, we provide our analysis in another paper [4].
2.  Discussion
2.1 Serving cell issues
The question related to serving cell is extracted as follows.
	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?


In RAN2 #113bis-e meeting, the concept of serving and non-serving cell was discussed. The conclusion is extracted as follows.
	=> The term “non-serving cell(s)” seems to cause confusion, and should be changed (to be consistent with the current RAN2 definitions).


There is a clear definition of serving cell in the current spec [5], which is extracted as follows.
	Serving Cell: For a UE in RRC_CONNECTED not configured with CA/DC there is only one serving cell comprising of the primary cell. For a UE in RRC_CONNECTED configured with CA/ DC the term 'serving cells' is used to denote the set of cells comprising of the Special Cell(s) and all secondary cells.


According to the definition, if a UE connects to more than one serving cell, CA or/and DC configuration is needed. Without configuring CA/DC, there is only one serving cell for a UE and all other cells are ‘non-serving cells’. And non-serving cell cannot perform data transfer from RAN2’s understanding. Thus the statement in the LS questions ‘DL reception from or UL transmission to non-serving cell’ is a bit weird. Nevertheless, before a proper term is found to describe the RAN1’s intended scenarios, we still use the term ‘non-serving cell’ only for discussion in this paper.
In the context of L1/L2-centric inter-cell mobility, before switching, the source cell is a serving cell and the target cell is a non-serving cell. Then after switching, the UE will establish connection with the target cell and release connection with the source cell. From this point, the serving cell is changed from the source cell to the target cell. The serving cell change can be triggered by L1/L2 signalling. Through the L1/L2 signalling, UE is able to know the indicated target cell and apply the corresponding pre-configurations of that cell.
Proposal 1: For L1/L2-centric inter-cell mobility, the serving cell is changed from the source cell to the target cell.
Question 1-3 and Question 1-5 seem to be detailed operations, which should be discussed in RAN1 first. Thus more detailed information is needed from RAN1. 
Observation 1: For L1/L2-centric inter-cell mobility, more information is needed from RAN1 to clarify the detailed operations. 
For Question 1-4, the system information of the target cell may need to be pre-configured to UE, since there may be not L3 handover command which could convey such information. Question 1-6 is not applicable for the L1/L2-centric inter-cell mobility scenario. 
Observation 2: For L1/L2-centric inter-cell mobility, system information of the target cell may need to be pre-configured to the UE.
2.2 RRC configuration issues
The question related to RRC configuration is extracted as follows.
	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?


In the email discussion summary [3], there is a proposal “RRC provides the pre-configured configuration of ‘the cells for L1/L2 centric mobility’, and L1/L2 signaling can be used/feasible for the dynamic switching of the pre-configured value”, which is the consensus of most companies. Therefore, we can focus on Question 2-1 for now.
If a UE is able to perform cell switch in L1/L2-centric inter-cell mobility, then all RRC parameters of the non-serving cell related to UE-dedicated PDSCH, PDCCH, PUSCH, and PUCCH would be needed. Take PDCCH as an example, pdcch-ConfigCommon (cell specific) and pdcch-Config (UE specific) parameters of the non-serving cell would be needed for the UE to detect PDCCH of the non-serving cell. As for PDSCH, PUCCH and, PUSCH, similarly, cell specific and UE specific RRC parameters of non-serving cell(s) are needed for the UE.
Note that the RRC configuration of non-serving cell(s) is dependent on the scenario of L1/L2-centric inter-cell mobility. For example, in intra-DU scenario, one possible situation is using the same RRC parameters in serving and non-serving cell(s). However, in some other scenarios, e.g., inter-DU, some RRC parameters are likely to be different in serving and non-serving cells. For the different parts, the RRC parameters of non-serving cell(s) need to be pre-configured to UE. For the common parts, the RRC parameters of non-serving cell(s) may not need to be pre-configured again to reduce RRC signaling overhead.
Proposal 2: For L1/L2-centric inter-cell mobility in Rel-17, RRC parameters related to UE-dedicated PDSCH, PDCCH, PUSCH, and PUCCH of serving and non-serving cells can be the same or different.
Observation 3: Parameters related to UE-dedicated PDSCH, PDCCH, PUSCH, and PUCCH on non-serving cells that are different from parameters related to UE-dedicated PDSCH, PDCCH, PUSCH, and PUCCH on the serving cell are pre-configured by RRC signalling.
Due to the time limitation of R17 and based on the assumption that the application of L1/L2-centric inter-cell mobility is very likely to be restricted to a relatively small geographical area (e.g., intra-DU) in R17 [3], we can start with a relatively simple scenario in which the same RRC parameters related to UE-dedicated PDSCH, PDCCH, PUSCH, and PUCCH are applied to serving and non-serving cells. Keeping these RRC parameters consistent can be up to network implementation, i.e. the serving cell configures the RRC configuration to the UE and the UE assumes this configuration applies to the serving cell and non-serving cell(s).
According to the scope of the L1/L2-centric inter-cell mobility, one of the key points is measurement on beams of non-serving cell(s). In this case, inter-cell beam management related RRC configuration of non-serving cell(s) also need to be pre-configured to a UE for beam and mobility management, e.g., the SSB configuration of non-serving cell(s).  However, different from those RRC parameters related to UE-dedicated PDSCH, PDCCH, PUSCH, and PUCCH, the inter-cell beam management related RRC configuration of non-serving cell(s) is normally different with that of serving cell(s). Therefore, the inter-cell beam management related RRC configuration of serving cell and each non-serving cell should be configured separately to the UE via dedicated RRC signalling by the serving cell. From this perspective, we can find that L1/L2-centric inter-cell mobility has a number of commonalities with inter-cell multi-TRP.
Observation 4: L1/L2-centric inter-cell mobility has a number of commonalities with inter-cell multi-TRP, e.g., SSB configurations of non-serving cells are needed for UE.
2.3 C-RNTI issues
The question related to C-RNTI is extracted as follows.
	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)?



Note that currently C-RNTI is also a RRC parameter. Similar to some RRC parameters discussed in the previous section, RAN2 can make the working assumption that the same C-RNTI from serving cell(s) can be reused. Using the same C-RNTI is a realistic scenario (intra-DU), and it could be easier to support for the UE and improve performance.
Proposal 3: Both same and different C-RNTI can be allowed in L1/L2-centric inter-cell mobility.
2.4 CU-DU split issues
The question related to CU-DU split is extracted as follows.
	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).



There is a proposal that is most companies’ consensus, i.e., “RAN2 prefer to restrict the scope only for intra-DU case in Rel-17”. We agree with this proposal as well. 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, in this case, the potential impacts on user plane operations can be minimized while still fulfilling the motivation of L1/L2-centric inter-cell mobility, i.e., facilitating efficient inter-cell beam/mobility management. We are fine to consider other cases in future releases.
Proposal 4: For L1/L2-centric inter-cell mobility, RAN2 prefer to restrict the scope only for intra-DU case in Rel-17. Other cases can be considered in the future releases.
2.5 Inter-band CA issues
The question related to inter-band CA is extracted as follows.
	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’s understanding, intra-band CA scenarios is when the primary serving cell and secondary serving cell(s) belong to the same frequency band, rather than the serving and non-serving cells belong to the same frequency band as described in the question. Therefore, this question is not clear from RAN2’s perspective and further clarification from RAN1 is needed. Also input from RAN4 would be helpful to make the question clear.
Proposal 5: The question related to inter-band CA needs to be clarified further by RAN1. Some input from RAN4 is needed as well.
2.6 Inter-frequency issues
The question related to inter-frequency is extracted as follows.
	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.



Inter-frequency scenario requires a UE supporting CA. Besides, measurement gap is necessary when a UE is performing inter-frequency measurement. In general, inter-frequency scenario is more complicated than intra-frequency, and we prefer to focus on intra-frequency scenario at least in Rel-17. Nevertheless, we want to mention that this question is related to RAN4 closely and should be discussed in RAN4 firstly.
Proposal 6: Wait for input from RAN4 on inter-frequency issues.
3. Conclusion
In this contribution, according to the questions raised by RAN1, we discussed the impact of L1/L2-centric inter-cell mobility on RAN2. And we have the following observations and proposals.
Observation 1: For L1/L2-centric inter-cell mobility, more information is needed from RAN1 to clarify the detailed operations.
Observation 2: For L1/L2-centric inter-cell mobility, system information of the target cell may need to be pre-configured to the UE.
Observation 3: Parameters related to UE-dedicated PDSCH, PDCCH, PUSCH, and PUCCH on non-serving cells that are different from parameters related to UE-dedicated PDSCH, PDCCH, PUSCH, and PUCCH on the serving cell are pre-configured by RRC signalling. Observation 4: L1/L2-centric inter-cell mobility has a number of commonalities with inter-cell multi-TRP, e.g., SSB configurations of non-serving cells are needed for UE. 
Proposal 1: For L1/L2-centric inter-cell mobility, the serving cell is changed from the source cell to the target cell.
Proposal 2: For L1/L2-centric inter-cell mobility in Rel-17, RRC parameters related to UE-dedicated PDSCH, PDCCH, PUSCH, and PUCCH of serving and non-serving cells can be the same or different .
Proposal 3: Both same and different C-RNTI can be allowed in L1/L2-centric inter-cell mobility. Proposal 4: For L1/L2-centric inter-cell mobility, RAN2 prefer to restrict the scope only for intra-DU case in Rel-17. Other cases can be considered in the future releases. 
Proposal 4: For L1/L2-centric inter-cell mobility, RAN2 prefer to restrict the scope only for intra-DU case in Rel-17. Other cases can be considered in the future releases.
Proposal 5: The question related to inter-band CA needs to be clarified further by RAN1. Some input from RAN4 is needed as well.
Proposal 6: Wait for input from RAN4 on inter-frequency issues.
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