3GPP TSG-RAN2#119e	R2-2207339
Online, August 2022

Agenda item:		8.4.2.2	
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Source:		Lenovo
Title:			L1 L2 inter-cell mobility design principles
Document for:		Discussion and Decision
1. Introduction
[bookmark: Proposal_Beacon]In RAN#96-e meeting, the WI of Further NR mobility enhancements was revised [1], with the following objective with regards to L1/ L2 mobility:
	1. To specify mechanism and procedures of L1/L2 based inter-cell mobility for mobility latency reduction:
· Configuration and maintenance for multiple candidate cells to allow fast application of configurations for candidate cells [RAN2, RAN3]
· Dynamic switch mechanism among candidate serving cells (including SpCell and SCell) for the potential applicable scenarios based on L1/L2 signalling [RAN2, RAN1]
· L1 enhancements for inter-cell beam management, including L1 measurement and reporting, and beam indication [RAN1, RAN2]
· Note 1: Early RAN2 involvement is necessary, including the possibility of further clarifying the interaction between this bullet with the previous bullet
· Timing Advance management [RAN1, RAN2]
· CU-DU interface signaling to support L1/L2 mobility, if needed [RAN3]

Note 2: FR2 specific enhancements are not precluded, if any.
Note 3: The procedure of L1/L2 based inter-cell mobility are applicable to the following scenarios:
· Standalone, CA and NR-DC case with serving cell change within one CG
· Intra-DU case and intra-CU inter-DU case (applicable for Standalone and CA: no new RAN interfaces are expected)
· Both intra-frequency and inter-frequency
· Both FR1 and FR2
· Source and target cells may be synchronized or non-synchronized



This document presents simple design principles that may be adhered to before developing a detailed solution. 
2. Discussion

In Rel. 17 additional cell can be defined as part of Serving Cell Config and the ASN.1 supports to add up to 7 of these. The additional cell will contain TRPs, that along with serving cell’s TRP provides a multi-TRP approach to manage dedicated channels PDCCH, PDSCH, PUSCH and PUCCH. Reconfiguration of an additional cell to a serving cell is not supported. In Rel. 18, real “mobility” will require that one or more additional cell can be promoted to a serving cell by adding this in the set of serving cells or by an additional cell replacing a serving cell. Some major concern in Rel. 17, when RAN1/ 2 attempted to this were:
· If L3 Measurements would be replaced with L1 Measurements
· If Security change upon change of serving cell may also be needed
On measurements, currently the high level measurement evaluation is defined as a mix of functionalities in Phy and RRC layer, as shown below from 3gpp TS 38.300:


[bookmark: _Ref110170867]Figure 1: Measurement Model

It is clear that “some” changes would be required for this aspect to realize L1/ L2 (lower) layer mobility. Following two measurement models can be used as a starting discussion point for L1/ L2 based mobility procedure:
i) Measurement evaluation is shifted to lower layers: New Measurement Events are defined and evaluated at Phy, and L1 Measurement report is sent to gNB. In this case, Phy directly uses the Beam measurements and after filtering determines if any of the events, configured by RRC, are met. Alternatively, Measurement Events are evaluated at MAC: The functionality of RRC, as shown in Figure 1, are adopted by MAC. The L3 filtering may or may not be applied, depending on RRC measurement configuration. Since the reporting is done directly at the Physical layer, this is supposed to be quicker compared with L3 reporting. At the same time, the measurement values may not be considered very stable in absence of L3 filtering. However, given that a lifetime of an L1 based mobility need not last for longer time, and may be executed in sub-second levels like 100ms or so, this may be considered acceptable.
ii) Measurement evaluation is retained at RRC: This will work like in the legacy and evaluation will use a L3 filtering. The evaluated report is then sent using lower layer signaling. 

As far as security changes are concerned, for inter CU mobility i.e., when the additional cell belongs to another DU (compared with the serving cell where this additional cell is configured), a change of security keys is inevitable. Even if the first measurement model above is taken as baseline, PDCP being placed above MAC/ L1, a change of security keys can’t be handled. So, RAN2 has following possibilities:
a) Postpone inter-CU cases to future
b) Accept that change of security needs to stay with RRC based mobility
If the additional cell would belong to another DU/ CU, we see no good reasons to fix the additional cell configuration with a serving cell, and possibly it can be moved as part of cell-group configuration. But this can be decided later. What is clear is that the work on R18 L1 L2 mobility enhancement needs to take care of cases with and without security change and therefore, the RRC based mobility needs to be used, in certain scenarios.
RAN2 design solutions allowing the measurement evaluation shifted to lower layers and RRC be responsible to take care of security changes when need be. This is certainly possible and can be configured by network on a per (or a group of) additional cell basis, since already at the time of configuring the additional cell(s), network knows is the cell (and all of its TRPs) is terminating at a new CU.
Proposal 1: RAN2 design solutions allowing the measurement evaluation shifted to lower layers.
Proposal 2: RRC is responsible to take care of security changes when need be.
According to the WID, both Intra-DU case and intra-CU inter-DU case will be considered. For Intra-DU case, PSCell/SCell change can be performed within the same DU. Random access can be ignored in Intra-DU case. For Inter-DU case, more exchange between source DU and target DU is needed via CU. Random access is needed if two DUs are not synchronized. Therefore, Intra-DU case can be discussed firstly since it is more simple. Then, RAN2 further discusses additional procedure for the case of Intra-CU and Inter-DU.
Proposal 3: Intra-DU case can be discussed first. Then, RAN2 discuss the case of Intra-CU and Inter-DU.
In legacy, Intra-SN PSCell change is initiated by SN. For SN initiated Intra-SN PSCell change, MN should be involved if key changes or MN terminated SCG or split bearers are configured. It is obviously that configuration for multiple candidate cells to allow fast application should be pre-configured by RRC. In legacy PSCell change, Reconfigurationwithsync IE is used. Both delta configuration and full configuration can be supported.  In this objective, fast application also can support delta configuration and full configuration to reuse the legacy framework. 
Proposal 4: Configuration for multiple candidate cells to allow fast application can be pre-configured by RRC. Both delta configuration and full configuration can be supported in the configuration for each candidate cell.
If delta configuration can be supported, RAN2 needs to discuss whether the configuration of candidate cells should be based on the current active SCG. One option is that all configuration of candidate cells should be based on the current active SCG in the case of delta configuration. The other option is that the configuration of candidate cell can be current active SCG or in-future source SCG. For example, the current active PSCell is PSCell#1. gNB may configure PSCell change including PSCell#1->PSCell#2 or PSCell#2-> PSCell#3.  For PSCell#1->PSCell#2, the configuration of PSCell#2 can be based on the current active PSCell#1. Regarding PSCell#2-> PSCell#3, the configuration of PSCell#3 can be based on the in-future source PSCell#2.
Proposal 5: RAN2 discusses whether the referenced cell of the configuration of candidate cells should be the current source cell in the case of delta configuration.
Based on the discussion in RAN plenary, three options including DCI based activation, MAC CE based activation and condition-based activation are mentioned. For DCI/MAC based activation, DCI/MAC CE will be used to activate cell change based on the L1 measurement report. For condition-based activation, one condition e.g L1-event will be configured to UE. Once the event is met, UE autonomously trigger cell change. 
Proposal 6: RAN2 discusses which way(s) to activate cell change can be supported in this release. 
· DCI based activation
· MAC CE based activation
· Condition based activation
If DCI or MAC CE is supported to activate cell change, RAN2 needs to discuss which node (SN or MN) is allowed to activate cell change. If SN initiated PSCell change without MN involvement, SN can activate cell change directly. If MN initiated PSCell change, cell change may be activated by MN. 
Proposal 7: RAN2 discusses which node (SN or MN) is allowed to activate cell change.
 
3. Conclusion
[bookmark: _Annex]In this contribution, following proposals are made:
Proposal 1: RAN2 design solutions allowing the measurement evaluation shifted to lower layers.
Proposal 2: RRC is responsible to take care of security changes when need be.
Proposal 3: Intra-DU case can be discussed firstly. Then, RAN2 further discusses the case of Intra-CU and Inter-DU.
Proposal 4: Configuration for multiple candidate cells to allow fast application can be pre-configured by RRC. Both delta configuration and full configuration can be supported in the configuration for each candidate cell.
Proposal 5: RAN2 discusses whether the referenced cell of the configuration of candidate cells should be the current source cell in the case of delta configuration.
Proposal 6: RAN2 discusses which way(s) to activate cell change can be supported in this release. 
· DCI based activation
· MAC CE based activation
· Condition based activation
Proposal 7: RAN2 discusses which node (SN or MN) is allowed to activate cell change.
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